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ORGANIZATION AND MEMBERSHIP 
The Advisory Board on Highway Research was organized by the 

National Research Council through its Division of Engineering on 
November 11, 1920 The name of the organization was later changed 
to Highway Research Board 

The functions of the Highway Research Board are To prepare a 
comprehensive national program for highway research, to assist exist­
ing orgamzations to coordinate their activities therein, and to serve as 
a clearing house for information on completed and current research 

It also conducts special investigations financed by interested organ­
izations, and furnishes unique auspices under which work may be ear­
ned on that I S scientific in character and impartial in its findings, and 
which is generally accepted as authentic. 

The Highway Research Board is composed of representatives of 
national orgamzations interested m the development of the highways 
of the country Connection with all phases of highway industry is 
maintained by means of research committees, and contact men ap­
pointed from the various state highway departments, universities, 
colleges and municipalities 
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BERT MYERS L W T E L L E R 

5 C O M M I T T E E ON M A I N T E N A N C E 
Chairman, B C T I N B Y 

H K BISHOP T H D E N N I S C P OWENS 
J S CRANDELL B E GRAY W H ROOT 

A H HiNKLE 

Sub-Committees 
Maintenance Costs—Chairman, H K BISHOP 
B E GRAY J B MCCORD F B E D T A R R A N T 

Maintenance of Cracks and Expansion Joints in Concrete Pavements—Chair­
man, W H ROOT 

J S C R A N D E L L E M F L E M I N G 
T H D E N N I S B E GRAY 

GEORGE E M A R T I N 

Treatment of Icy Po«emen<s—Chairman, B C T I N B Y 
H F CLBMMER C P OWENS 
A H HiNKLE ARTHUR C W H I T E 

6 C O M M I T T E E ON TRAFFIC 
Chairman, W A V A N D U Z E R 

A B BARBER W M G E L I O T 3RD . J G M C K A Y 
W M S C A N N I N G M A X W E L L H A L S E Y BURTON W . M A R S H 
W GRAHAM C O L E STEPHEN JAMBS H A R R Y E N B A L 
H C D I C K I N S O N A N JOHNSON H A W L B Y S SIMPSON 
N W DOUGHERTY E B LBFPBRTS S J W I L L I A M S 

M I L L E R MCCLINTOCK 
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Suh-Commi tlees 
Traffic Capacity—ChsLirmcLn, A N JOHNSON 

S L CONNER W M G E L I O T 3RD VV H SHARP 
H K C R A I Q S JOHANNESSON F T SHEETS 

R F K B L K E R 

Traffic Survey Methods and Forms—Chairman, J G M C K A Y 
W GRAHAM COLE ERNEST P GOODRICH E A R L J REEDER 
NORMAN C D A M O N CHARLES GORDON ERNEST N SMITH 

THEODORE M MATSON 

Safety Education—STEPHEN JAMES, Chainnan 
JOY E L M E R MORGAN 

Financial Responsibility—Chairman, N W DOUGHERTY 
W M G E L I O T 3RD M I L L E R MCCLINTOCK 

Vehicle and Highway Mechanics As Related To Tra^c—Chairman H 

DICKINSON 
T R AGO C N CONNER W E L A Y 
B B BACHMAN W M G E L I O T 3RD S S STEINBERG 

L E CONRAD 

Traffic Regulations in Municipalities—Cha,irma.n, W S C A N N I N G 

P R O J E C T S 

COMPACTION OF FILLS AS AFFECTED BY TYPE A N D SIZE OF H A U L ­
I N G A N D OTHER EQUIPMENT 

Chairman, J T E L L I S O N 

Secretary, A K H A X S T U N 
W I L L I A M A BLANCHETTE C A HOQBNTOGLER E V L E V I 
C E FOSTER F H JACKSON C S POPE 
L I O N GARDINER H J K I R K K H T A L B O T 

CORRELATION OF RESEARCH I N M I N E R A L AGGREGATES 
Chairman, W J EMMONS 

P H BATES S C H O L L I S T E R BERT MYERS 
E F B E A N PHEVOST H U B B A R D P R M C M I L L A N 
R L B E R T I N F H JACKSON PERRY F SEWARD 
H F CLEMMER R R L I T E H I S E R H S H I F R I N 
P J FREEMAN H J L O V E GEORGE B SOWERS 
A T GOLDBECK GEORGE E M A R T I N STANTON W A L K E R 

CURING OF CONCRETE PAVEMENT SLABS 
Chairman, F C L A N G 

H F GONNERMAN H HERSHEY M I L L E R F V R E A G E L 

E F K E L L E Y M A R K M O R R I S STANTON W A L K E R 

FILLERS A N D CUSHION COURSES FOR B R I C K A N D BLOCK PAVE­
MENTS 

Chairman, J S CRANDELL 

H P CHAPMAN G F SCHLESINGER P M T E B B S 
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ROADSIDE DEVELOPMENT (Joint Project wi th American Association of 
State Highway Officials) 

Chairman, L U T H E R M K E I T H 

FRANZ AUST P H ELWOOD C H MOOREFIELD 

T H CUTLER W A L T E R D L U D W I G H J N E A L E 

T R A C T I V E RESISTANCE A N D A L L I E D PROBLEMS 
Chairman, W E L A Y 

W I L F R E D BRIGGS R A M O Y E R 
L E CONRAD R G PAUSTIAN 

H B SHAW 



20 HIGHWAY RESEARCH BOARD 

L I S T O F S T A T E C O N T A C T M E N 

Alabama Slate Highway Deparlmenl 
J . H ScKtroGS 

Arizona State Highway Deparlmenl 
J U L I A N W POWERS 

Arkansas Stale Highway Commission 
R O T D . L I K I N S 

California Highway Commission 
T E STANTON 

Colorado Stale Highway Deparlmenl 
J E M A L O N B T 

Connecticut Stale Highway Deparlmenl 
GEORGE E H A M U N 

Deleware State Highway Deparlmenl 
W W M A C K 

Florida Stale Road Deparlmenl 
L K C A N N O N 

Georgia Stale Highway Board 

Idaho Deparlmenl of Public Works 
W L L B S H E B 

Illinois Division of Highways 
ERNST L I E B E R M A N 

Indiana Slate Highway Commission 
M R K B E P E 

Iowa Stale Highway Commission 
BERT MYERS 

Kansas State Highway Commission 
C H SOHOLBR 

Kentucky Slate Highway Commission 

Louisiana Stale Highway Commission 
E H K I V B T T 

Maine State Highway Commission 
L D BARROWS 

Maryland State Roads Commission 
C B B R Y A N T 

Massachwetls Deparlmenl of Public 
Works 

A W D E A N 

Michigan Stale Highway Department 
J . W K U S H I N O 

Minnesota Deparlmenl of Highways 
J T E L L I S O N 

Mississippi Slate Highway Department 
J . D . M O N E T T B 

Missouri Slate Highway Commission 
F V REAGEL 

Montana State Highway Commission 
W O K l V L B Y 

Nebraska Deparlmenl of Public Works 
C M D U F F 

Nevcuia Department of Highways 
W T H O L C O M B 

New Hampshire Slate Highway De­
partment 

JAMES MCCORMICK 

New Jersey Slate Highway Commission 
H W GiFFIN 

New Mexico Slate Highway Depai Imenl 
L C CAMPBELL 

New York Department of Public Works 
W M L B L A U M 

North Carolina Slate Highway Com­
mission 

W E H A W K I N S 

North Dakota Slate Highway Depart­
ment 

J N R O B E R T Y 

Ohio Department of Highways 
R R L I T E H I S E R 

Oklahoma Slate Highway Commission 
C A R L R R E I D 

Oregon Stale Highway Commission 
N M FiNKBINBR 

Pennsylvania Deparlmenl of Highways 
H K C R A I G 

Rhode Island State Board of Public 
Roads 

G H HENDERSON 

South Carolina Stale Highway Depart­
ment 

CHARLES H MOOBEFIELD 

South Dakota Stale Highway Com­
mission 

C J LOOMBR 

Tennessee Deparlmenl of Highways and 
Public Works 

E W B A U M A N 

Texas Stale Highway Deparlmenl 
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Utah Slaie Road Commission 
H . V RICHARDS 

Vermont State Highway Department 
H E SARGENT 

Virginia Department of Highways 
Wm R G L I D D B N 

Washington Department of Highways 
JAMBS A D A V I S 

West Virginia State Road Commission 
FRED A D A V I S 

Wisconsin State Highway Commission 

Wyoming State Highway Department 
W A NORRIS 

District of Columbia, Engineer De­
partment 

H F CLBMMBR 

Alaska Road Commission 
M . E L L I O T T 

Department of Public Highways of 
Canada 

R M S M I T H 

Hawaii Department of Public Works 
L T M A N H BIGELOW 

L I S T O F U N I V E R S I T Y A N D C O L L E G E C O N T A C T M E N 

A L A B A M A -

Alabama Polytechnic Institute 
CHARLES A BAUGHMAN 

A L A S K A -

Alctaka Agricultural College and 
School of Mines 

R o L L A N D W CHASE 

A R I Z O N A 

Arizona, University of 
F C K E L T O N 

A R K A N S A S 

Arkansas, University of 
W . R SPENCER 

C A L I F O R N I A 

California Institute of Technology 
W M W M I C H A E L 

California, University of 
R . E D A V I S 

Stanford University 
E A R L C . THOMAS 

C A N A D A : 

University of Toronto 
A T L A I N Q 

C O L O R A D O -

Colorado, University of 
R L D O W N I N G 

Colorado Agricultural College 
E B HOUSE 

Colorado College 
F R A N K O K B T 

Denver, University of 
E A R L A E N G L E 

Colorado School of Mines 
H W GARDNER 

C O N N E C T I C U T 

Sheffield Scientific School, Yale 
University 

CHARLES S FARNHAM 

D E L A W A R E 

Delaware, University of 
H K PRESTON 

D I S T R I C T O F C O L U M B I A 

Catholic University of America 
A . J SCULLEN 

George Washington University 
CHAS E COOK 

F L O R I D A : 

Florida, University of 
C C BROWN 

G E O R G I A -

Georgia School of Technology 
F R A N K L I N C SNOW 

Georgia, University of 
C M STKAHAN 

North Georgia Agricultural College 
J R HITCHCOCK 

H A W A I I . 

Hawaii, University of 
C . B . ANDBBWS 
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H A V A N A 

Havana, University of 
M I G U E L V I L L A 

I D A H O 

Idaho, University of 
J E BUCHANAN 

I L L I N O I S 

Armour Institute of Technology 
M E L V I L L E B W E L L S 

Illinois, University of 
3 S CRANDELL 

Northwestern University 
GEORGE A M A N B Y 

I N D I A N A 

Evansville College 
L B H O Y T 

Notre Dame, University of 
FRANCIS W H O R A N 

Purdue University 
W K H A T T 

Rose Polytechnic Institute 
R L McCORMICK 

I O W A 

Iowa Stale College of Agricultural 
and Mechanical Arts 

T R AGG 
Iowa, State University of 

R B K i T T R E D G E 

K A N S A S 

Kansas State Agricultural College 
L E CONRAD 

Kansas, University of 
W C . McNowN 

K E N T U C K Y 

Kentucky, University of 
D V . T E R R E L L 

L O U I S I A N A -

Louisiana State University 
F F P i L L E T 

Tulane University 
FREDERICK H Fox 

M A I N E 

Maine, University of 
W . H . L B A V I T T 

M A R Y L A N D 

Johns Hopkins University 
J T THOMPSON 

Maryland, University of 
A N JOHNSON 

M A S S A C H U S E T T S 

Harvard University 
ALBERT H A B R T L E I N 

Massachusetts Institute of Tech­
nology 

CHARLES B BREED 
Northeastern University 

J W I N GALLS 
Tufts College 

S L CONNER 
Worcester Polytechnic Institute 

C F M E Y E R 

M E X I C O . 

Mexico, University of 
JOSE CUEVAS 

M I C H I G A N 

Michigan Stale College 
C L A L L E N 

Michigan College of Mining and 
Technology 

HOMER A HUMPHREY 
Michigan, University of 

R L MORRISON 

M I N N E S O T A 

Minnesota, University of 
F C L A N G 

M I S S I S S I P P I 

Mississippi Stale College 
D M M C C A I N 

Mississippi, University of 
T G GLADNEY 

M I S S O U R I 

Missouri, University of 
H A L A R U E 

Missouri School of Mines 
3 B B U T L E R 

Washington University 
F H D E R B Y 

M O N T A N A 

Montana State College 
L D C O N K L I N G 

Montana State School of Mines 
A D A D A M I 
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N E B R A S K A 

Nebraska, University of 
C L A R K E M I C K E Y 

N E V A D A 

Nevada, University of 
F S B I X B Y 

N E W H A M P S H I R E 

Dartmouth College 
CHARLES A H O L D E N 

New Hampshire, University of 
RUSSELL R SKELTON 

N E W J E R S E Y 

Princeton University 
W B H A R R I S ' 

Rutgers University 
S A STEPHENSON, J R 

N E W M E X I C O 

New Mexico College of Agricultural 
and Mechanical Arts 

D A N I E L B JETT 
New Mexico School of Mines 

THOMAS H M C C A R T H Y 
New Mexico, University of 

J H DORROH 

N E W Y O R K 

Alfred University 
BURTON B CRANDALL 

Columbia University 
E B L O V E L L 

Cooper Union for the Advancement 
of Science and Art 

F E Foss 
Cornell University 

W A L T E R L CONWELL 
New York University 

H E BREED 
Polytechnic Institute of Brooklyn 

LLOYD F RADER 
Renssalaer Polytechnic Institute 

E R GARY 
Syracuse University 

S D SARASON 
Union College 

W C T A Y L O R 

N O R T H C A R O L I N A 

North Carolina State College of 
Agriculture and Engineering 

H A B R Y TUCKER 
North Carolina, University of 

R A L P H M T R I M B L E 

N O R T H D A K O T A 

North Dakota Agricultural College 
WALDO E SMITH 

North Dakota, University of 
E F CHANDLER 

O H I O 

Antwch College 
CHARLES R A T H B U R N 

Akron, Municipal University of 
D C DURST 

Case School of Applied Science 
F R A N K H N E F F 

Cincinnati, University of, 
RUPERT A ANDEREGQ 

Dayton, University of 
B T SHAD 

Denison University 
B D GREENSHEILDS 

Ohio Northern University 
A R W E B B 

Ohio State University 
F H E N O 

O K L A H O M A 

Oklahoma Agricultural and Me­
chanical College 

R G SAXTON 
Oklahoma, University of 

J . F BROOKS 

O R E G O N 

Oregon Agricultural College 
G V SKELTON 

P E N N S Y L V A N I A 

Bucknell University 
D M G R I F F I T H 

Carnegie Institute of Technology 
C . B STANTON 

Drexel Institute 
H L BOWMAN 

Gettysburg College 
C G R E E N 

Lafayette College 
L Y N N PERRY 

Lehigh University 
S A BECKER 

Pennsylvania Military College 
W H BARTON, J R 

Pennsylvania State College 
J E KAULFUSS 

Pennsylvania, University of 
H C BERRY 

Pittsburgh, University of 
A DIEFENDORP 
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P U E R T O R I C O 

Puerto Rico, University of 
ALBERTO HERNANDEZ 

R H O D E I S L A N D 

Brown University 
L T B O H L 

Rhode Island Slate College 
S H WEBSTER 

S O U T H C A R O L I N A 

Clemson Agricultural College 
E L C L A R K E 

South Carolina, University of 
R L SUMWALT 

S O U T H D A K O T A 

South Dakota Slate College of Agri-
cullural and Mechanical Arts 

H S CARTER 
South Dakota Slate School of Mines 

E A B L D A K E 
South Dakota, University of 

R V NEWCOMB 

T E N N E S S E E . 

Tennessee, University of 
N W DOUGHERTY 

Vanderbill University 
W H SCHUBRMAN 

T E X A S 

Texas, Agricultural and Mechanical 
College of 

J T L M C N B W 
Texas, University of 

J O H N A FOCHT 

U T A H 

Utah, Agricultural College of 
R O Y B WEST 

V E R M O N T 

Norunch University 
ARTHUR E WINSLOW 

Vermont, University of 
L B PUFFER 

V I R G I N I A 

Virginia Agricultural and Mechani­
cal College 

R B . H BBGG 
Virginia Military Institute 

JAMES A ANDERSON 
y i r f f in io , University of 

J L NEWCOMB 
Washington and Lee University 

W M T L Y L E 

W A S H I N G T O N 

Washington, State College of 
H E PHELPS 

Washington, University of 
G E . HAWTHORN 

W E S T V I R G I N I A 

West Virginia University 
R E NELSON 

W I S C O N S I N 

Marquette University 
E D ROBERTS 

Wisconsin, University of 
H F JANDA 

W Y O M I N G 

Wyoming, University of 
R D GOODRICH 

L I S T OF C I T Y E N G I N E E R S 

C A L I F O R N I A 

Berkeley—H GOODRIDGE 
Glendale—J C ALBBRS 
Los Angeles—R W STEWART 
OofcJond—CHARLES A R E E D 
San Francisco—M M O'SHAUGH-

NESSY 

Santa Ana—DBWITT D U D L E Y 

C O L O R A D O 
Colorado Springs—C H BRYSON 

C O N N E C T I C U T 

New Haven—EDWARD S N E T T L E -
TON 

D E L A W A R E 

Wilmington—HAHRY L M A I E R 

F L O R I D A -

Miami—C S NICHOLS 

I N D I A N A 
Gary—JOHN H A T E S 
Indianapolis—C H UNDERWOOD 
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I O W A : 

Ames—JOHN H A M E S 
Des Moines—JOHN M TIPPEE,^ 

K A N S A S 

Wichita—F L BHOCKWAT 

M A R Y L A N D 

Cumberland—R L R I Z E R 

M A S S A C H U S E T T S 

New Bedford—GEORGE N Y E 
Newton—WiijViAU P MORSE 

M I C H I G A N -

Ann Arbor—G H SANDENBURGH 
Flint—OTTO K P H I L L I P 
Ponhoc—HERBERT A OLSON 
So^mou^—HERMAN H E T M E R 

M I N N E S O T A 

Minneapolis—FREDERICK P A U L 
St Paul—W N C A R E T 

N E W H A M P S H I R E . 

Locoma—CHARLES A FRENCH 

N E W J E R S E Y . 

East Orange—^W. D W I L L I G B R O D 
Elizabeth—THOMAS E C O L L I N S 
TreTUon—JOSEPH E E N G L I S H 

N E W Y O R K 

Buffalo—W. A R A T H M A N 
Elmira—M W W I P F L E R 
floc^esiej^H L . H O W E 

N O R T H C A R O L I N A 

Asheville—STANLEY H W R I G H T 
Durham—^ W K U E F F N E R 

O H I O -

Akron—E A K B M M L E R 
Cincinnati—^ H K R A N Z 
Cleveland—GnonQB B SOWERS 
Dayton—J F H A L E 
Foun^stouw—GEORGE F T U R N E R 

O R E G O N : 

Portland—0 LAURGAARD 

P E N N S Y L V A N I A 

AJJentoum—EARLE W M E C K L E T 
Bradford—J H . Q U I R K 
Philadelphia—D T . CORNING 
SAoron—LEWIS E BURNSIDE 

R H O D E I S L A N D 

Providence—HORACE T . A L M T 

S O U T H C A R O L I N A 

Charleston—JAUE3 H D I N G L E 

T E X A S 

Amarillo—H R SMITH 

U T A H 

Salt Lake Ctty—HARRY C JBSSON 

V E R M O N T 

Barre—THURMAN W D I X 

V I R G I N I A 

Danville—C L SCOTT, J R 
Norfolk—A B PLEASANTS 
Richmond—TS P ASBURY 

W I S C O N S I N 

Kenosha—ROBERT M SMITH 



REPORT OF COMMITTEE ON ADMINISTRATION 
AND FINANCE 

THOMAS H M A C D O N A L D , Chairman 

T H E T A X A T I O N O F M O T O R V5EHICLES I N 1932 

B Y THOMAS H M A C D O N A L D 

Chief, U S Bureau of Public Roads 

SYNOPSIS 

Motor vehicle owners in the United States paid approximately, 
one billion dollars in 1932 for the right to operate on the public 
highways 

This sum comes directly from the pockets of motor vehicle owners 
in the form of registration fees, gasoline taxes, mileage and ton-
mile taxes, receipts taxes, personal property taxes, special fees 
imposed by counties and municipalities and other lesser units of 
government, and many other direct imposts 

I n an endeavor to determine for the first time the number and 
amount of all the various kinds of taxes and fees, and how they are 
imposed upon the numerous different types of vehicles, a special 
inquiry was undertaken by the U S Bureau of Public Roads during 
the summer of 1933, covering all of the 48 States and the Distr ict of 
Columbia The present paper is a preliminary report upon the re­
sults of this investigation, the f u l l details of which wi l l be published 
in a separate report 

Organization of the statistical personnel which handled the large mass 
of figures involved in the survey of motor vehicle taxation was directed 
from headquarters at Washington One or more special statisticians 
were employed in each State, all of them being persons familiar with 
the administrative control of motor vehicles and many of them being 
present or former employees of State departments These statisticians, 
often with-the assistance of extra helpers, worked in the offices of the 
motor vehicle admmistrators and others, handling the origmal records 
and transcribing from them the desired data In this way, elaborate 
data on all State fees and taxes were obtamed In addition, the local 
tax situation—county and municipal fees, and personal property 
taxation—was covered by means of questionnaires to the proper 
authorities 

All reports were sent to Washington for analysis and compilation, 
and subjected to careful checking 

The inquiry was confined solely to the calendar or fiscal year 1932, 
and the following comments accordingly apply to that period only 

27 
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D I V E E S I F I E D METHODS O F T A X A T I O N 

The analysis of the reports which were submitted and a detailed 
study of the State laws further emphasized a fact ah-eady known— 
that there is great diversity m the methods used by the States in taxing 
motor vehicles The greatest lack of uniformity was found in the bases 
on which payments of registration fees were imposed In all States 
the rates were graduated so as to mcrease with the size of vehicle In 
the District of Columbia, however, a fee of $1 was imposed on all 
gasolme-driven vehicles regardless of type, size -or class of service 
The methods by which this variation in payments of registration fees 
were achieved were widely different, and m some States appeared to be 
unduly complex. 

For passenger cars registration fees varymg with the weight of the 
vehicle were most commonly apphed Thirty States used this basis, 
of these, five included the weight of the passengers Horsepower, 
alone or m combination with other factors, was used m 18 States, value 
or list price in three In eight States the age of the vehicle or the 
number of times it had been registered was used as a modifying factor 
in computing registration fees In Arizona, California, and Washing­
ton, a umform flat fee was imposed on all passenger cars In several 
States combmations of two or more of the factors mentioned above were 
used 

The same varjang bases of taxation were found m the registration of 
busses Seatmg capacity, either alone or in combmation with other 
factors, was used m 27 States, net weight m 15, and gross weight 
in 9 

In the case of trucks registration fees increasmg with the capacity 
of the vehicle were found in 26 States In 11 States the fees varied 
with the gross (loaded) weight of the vehicle, m eight States with net 
weight, and m three States (Idaho, Pennsylvania, and South Dakota), 
with chassis weight In six of the States which imposed weight or 
capacity taxes a flat fee was charged in addition In Maryland horse­
power only was used as the basis for the registration of pneumatic-tired 
trucks, and horsepower in combmation with other factors was used in 
Louisiana and Tennessee In Minnesota the fee was based on the 
value of the vehicle The tendency to use more than one'basis of 
taxation was quite as common in the case of trucks as it was with other 

Trailers and semitrailers were generally registered on the same basis 
as trucks, but the rates were usually lower 

In many States distinction was made between pneumatic-tired and 
solid-tired vehicles, the latter paying higher fees Farm trucks and 
those operated only in or near cities paid at reduced rates in a number 
of States 

In the majority of States vehicles operated for hire were taxed more 
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heavily than those privately operated. This additional taxation was 
imposed in a number of different ways, including higher registration 
fees, taxes based on vehicle-mileage, ton-mile or passenger-mile taxes, 
gross receipts taxes, special license or franchise fees, permit fees, and 
fees imposed for certificates of convenience and necessity. 

A further distmction was frequently made m for-hire earners ac-
cordmg to the class of service Common-carrier trucks and trailers 
and public-carrier busses, acceptmg busmess from the general pubhc 
and operatmg on a regular schedule over fixed routes, were generally 
taxed at higher rates than were carriers operatmg for hire under contracts 
or agreements for each trip 

Taxicabs and other passenger cars for hire were reported separately 
by 27 States and the Distnct of Columbia. In the majority of these 
States higher registration fees were charged against taxicabs than against 
passenger cars In five States and the District of Columbia additional 
special fees were imposed 

Busses were reported in three classes, school busses, contract and 
sightseeing busses, and public earners. Only 16 States reported school 
busses other than those publicly owned or paymg only nommal fees, 
although a number indicated that such busses were mcluded with other 
registration classifications 

Nineteen States and the Distnct of Columbia made the distmction 
between public-carrier busses and those operated for sightseemg pur­
poses or as contract carriers The remainder reported revenue busses 
without distmction as to class of service. There is no question, how­
ever, that the great majority so reported were operated as public carriers 
in either urban or mterurban service 

The results of the survey mdicate that for-hire earners of property 
were, m one way or another, recogmzed as separate classes of vehicles 
in all States except Connecticut, Delaware, Mame, Nebraska, New 
Hampshire, New Jersey, New York, and the Distnct of Columbia 
However, a number of the States which have such regulations failed 
to report separately the numbers of for-hire vehicles or their payments 
of fees In all, 35 States reported for-hire earners m such a manner 
that they could be included m the tabulations of national totals and 
averages 

Of these 35 States 22 reported both contract and common earner 
trucks, and m the case of three additional States, Arkansas, Ohio, and 
West Virginia, contract and common carriers are included together 
Nine States reported common earners separately, but did not segregate 
contract carriers from those pnvately owned and operated One 
State, Massachusetts, reported contract carrier trucks but no common 
earners 

The data on trailers and semitrailers were less complete, 24 reporting 
common carriers and 20 reporting contract carriers 
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E S T A B L I S H I N G S T A T I S T I C A L B A S E S F O R COMPARISON 

In order to present a clear picture of the amounts of motor-vehicle 
taxes contributed by vehicles of various sizes, it was necessary to adopt 
a common basis of classification In the case of trucks, tractor trucks, 
and trailers it was decided to convert all reported figures given in terms 
of net, gross, or chassis weight into equivalent rated capacity From 
a study of published lists giving these weight relations for specific makes 
and models of vehicles, and also of data furnished by representatives 
of the motor vehicle industry, conversion tables were prepared which 
give approximate or average values of rated capacity corresponding 
to given values of net, gross, or chassis weight With the aid of these 
tables the desired conversions were made 

A scheme of classification was adopted which divides all tiucks, 
tractor trucks, and semitrailers into the following capacity groups 

1 — 1 | tons and less 
2 —Over 1| tons and less than 3 tons 
3 —3 tons and less than 5 tons 
4 —5 tons 
5 —Over 5 tons 

Methods of approximation were devised for making this classification 
in the case of States for which the data could not be written down di­
rectly in this form 

Busses were classified on the basis of seating capacity, and factors 
were developed for converting net or gross weight into seating capacity 

In order to determine approximately the amounts contributed in 
gasoline taxes by the different classes of vehicles, and by the different 
capacity groups in each class, a calculation was made based on certain 
assumptions as to annual mileage and rate of gasoline consumption 
In the case of passenger cars the assumptions were an average mileage 
of 7,000 miles per year and a consumption rate of 14 miles per gallon 
In the case of other vehicles an approximate relation between gross 
weight and gasohne consumption was used Privately owned trucks 
were assumed to travel 10,000 miles per year, and greater mileages 
were assumed for contract and common carrier trucks, tractor-trucks, 
taxicabs, and public carrier busses, because of the nature of their 
operations In the case of each State the total computed gallonage 
was adjusted to equal the net gallonage reported by the State for the 
year 1932 

SUMMARY O F E S S E N T I A L F A C T S D I S C L O S E D B Y S U R V E Y 

The primary object of this survey was to determme approximately 
the contribution of the owners of motor vehicles to Federal, State, 
and local government The following tabulation gives the major items 
of motor-vehicle revenue and the total sums received in 1932, so far 
as it was possible to obtain the information 
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State fees and taxes 
Vehicle registration fees (motorcycles, 

trailers, and semitrailers included) •$293,189,177 
Special fees, paid chiefly by for-hire 

vehicles 5,230,792 
Operators and chauffeurs licenses 18,280,802 
Miscellaneous motor-vehicle fees 9,475,924 
Gasoline or motor-fuel taxes 513,047,239 

Total $839,223,934 
County fees and taxes (incomplete) 1,703,000 
Municipal fees and taxes (incomplete) 14,158,000 
Personal property taxes, all jurisdictions (incomplete) 36,000,000 
Federal excise taxes 92,404,000 

Grand total $983,488,934 

This total of approximately a billion dollars is, as noted above, 
incomplete The State totals are believed to approach very closely 
to the true figures, although it is probable that in some States a few 
items escaped the attention of the investigators Certain of the re­
ported payments, such as dealers' license fees, fines and penalties, and 
miscellaneous small items, which could not be regarded as direct imposts 
on the motor-vehicle owner, have been omitted Nominal fees charged 
against publicly-owned or official cars, have been included with the 
miscellaneous fees 

The total number of vehicles (mcluding motorcycles, trailers, and 
semitrailers, and excluding those publicly owned) registered in 1932, 
was 24,619,602 Dividmg the total payment of $983,488,934 among 
these vehicles, we find that the average motor vehicle owner paid in 
1932 a tax of $39 95 for the privilege of operating on the streets and 
highways of the nation 

Only in the case of State taxes was it possible to separate the pay­
ments by different classes and sizes of vehicles Some of the salient 
facts along this hne are brought out in the foUowmg paragraphs 

Numbers of vehicles The following tabulation gives the total number 
of vehicles registered and tax-paid in the United States in 1932, grouped 
according to type of vehicle and class of service. 

Passenger cars 
Private cars (including taxicabs in 20 

States) 20,759,140 
Taxicabs (reported separately by 27 States 

and the District of Columbia) 77,222 

A l l passenger cars 20,836,362 
Busses 

School (reported separately by 16 States) 9,813 
Contract, including sight-seeing (reported 

separately by 19 States and the District 
of Columbia) 3,314 
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Public carrier (including other busses in 
States where not separately reported) 36,325 

A l l busses 49,452 
Trucks and tractor trucks 

Privately owned and operated (including 
for-hire carriers where not reported 
separately) 3,144,704 

Contract carrier (reported separately by 26 
States; includes common carriers in 3 
States) 69,840 

Common carrier (reported separately by 
31 States) 14,771 

A l l trucks and tractor trucks 3,229,315 
Trailers and semitrailers 

Privately owned and operated (including 
for-hire carriers where not reported 
separately) 406,431 

Contract carrier (reported separately by 
20 States; includes common carriers in 
2 States) 5,008 

Common carrier (reported separately by 
24 States) 3,837 

A l l trailers and semitrailers 415,276 
Motorcycles 89,197 

A l l vehicles (including trailers and motorcycles) 24,619,602 

Analysis of the reported figures to determine the distribution of 
vehicles by rated capacity resulted in the following totals: 

Busses Number Percentage 
Up to 7 passengers 6,986 14 13 
8 to 20 passengers 8,764 17 72 
Over 20 passengers 27,122 54 84 
Not classified by capacity 6,580 13 31 

Total 49,452 100 00 

Trucks and tractor trucks' 
li tons and less 2,681,985 83 05 
Over 1} tons and less than 3 341,285 10 57 
3 tons and less than 5 128,938 3 99 
5 tons 28,544 88 
Over 5 tons 44,056 1 37 
Not classified by capacity 4,507 14 

Total 3,229,315 100 00 

Trailers and semitrailers 
li tons and less 326,183 78 55 
Over I J tons and less than 3 25,705 6 19 
3 tons and less than 5 23,781 5 73 
5 tons 6,372 1 53 
Over 5 tons 8,714 2 10 
Not classified by capacity 24,521 5 90 

Total . . 415,276 100 00 
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Percentages The owners of passenger cars, which constituted 84 3 
per cent of all vehicles, paid 72 9 per cent of the registration fees and 
73 1 per cent of the gasolme taxes 

Taxicabs, reported separately from passenger cars m 27 States and 
the District of Columbia, compnsed 0 3 per cent of the vehicles, they 
contributed 0 5 per cent of the registration fees and 0 9 per cent of 
the gasoline taxes 

Motor busses, which included 0 2 per cent of the vehicles, contrib­
uted 1 2 per cent of the registration-fee payments and 1 2 per cent 
of the gasoline-tax payments 

T A B L E I 

AVERAGE PAYMENTS 

Vehicle Registra­
tion Fees 

Gasoline 
Taxes 

Special 
Fees Total 

Passenger Cars 810 28 318 07 828 35 

Taxicabs, reported by 27 States and Dis­
t r ic t of Columbia 17 72 60 64 $1 53 79 89 

Busses 
School, 16 States 21 57 39 17 60 74 
Sightseeing and Other Contract Car­

riers, 19 States and District of 
Columbia 47 49 100 12 5 24 152 85 

Public Carriers' 83 90 148 17 62 96 295 03 

Trucks and Tractor Trucks 
Privately owned and operated 21 66 38 49 60 15 
Contract Carriers, 23 States 31 14 62 44 14 77 108 35 
Common Carriers, 30 States 32 93 78 10 72 46 183 49 

Trailers and Semi-Trailers 
Privately owned and operated 7 71 7 71 
Contract Carriers, 20 States 35 74 26 42 62 16 
Common Carriers, 24 States 34 15 102 50 136 65 

' Includes sight-seeing and contract busses in those States which made no 
segregation 

Motor trucks and tractor trucks, comprising 13 1 per cent of the 
vehicles, paid 24 2 per cent of the registration fees and 24 7 per cent 
of the gasoline taxes. 

Trailers and semitrailers constituted 1 7 per cent of the vehicles 
and paid 1.2 per cent of the registration fees 

Motorcycles, constituting 0 4 per cent of the vehicles, contributed 
0 1 per cent of the registration fees and 0 1 per cent of the gasoline 
taxes 

Special fees to the amount of $5,230,792 were collected from operators 
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of vehicles for hire and, in a few States, from certain classes of private 
operators These imposts took the form of mileage, ton-mile, or pas-
senger-mile taxes, receipts taxes, special weight or capacity taxes, 
franchise fees or privilege taxes, fees for certificates of convenience and 
necessity, etc To this amount must be added $500,807 in excess 
registration fees paid by for-hire carriers of property (fees in excess of 
those calculated on the basis of the private earner rate) 

T A B L E I I 
V A R I A T I O N OP F E E S WITH C A P A C I T Y 

Capacity 
Average 

Registration 
Fee 

Average 
Motor-Fuel 

lax 
Average of 
all Fees' 

Public Carrier Busses 

Seating Capacity 
7 or less 
8 to 20 
Over 20 

325 84 
57 39 
99 20 

S52 50 
123 13 
170 26 

3104 77 
234 50 
329 98 

All Trucks and Tractor Trucks 

Rated Capacity m Tons 
1̂  and less 
Over l i and less than 3 
3 and less than 5 
5 
Over 5 

2 

815 51 
38 21 
67 33 
97 57 

113 89 

336 16 
46 33 
59 89 
68 10 
81 12 

351 85 
85 92 

130 40 
168 49 
199 60 

All Trailers and Semi-Trailers 

Rated Capacity m Tons 
l i and less 
Over 1̂  and less than 3 
3 and less than 5 
5 
Over 5 

2 

?3 34 
14 08 
36 46 
59 21 
70 55 

S3 42 
15 63 
41 71 
69 32 
92 35 

' Includes Special Fees 
' Includes excess registration fees paid by for hire carriers 

If the special fees are added to the registration fees and gasoline taxes 
it is found that busses contributed 1 5 per cent and trucks and trailers 
25 1 per cent of all fees and taxes directly imposed on motor vehicles 
in 1932 

Average payments Average payments of registration fees and gaso­
line taxes by passenger cars were as shown in Table I 

Vanahon of average payments vnth capacity As the weight or ca­
pacity of vehicles increases there is, in general, a steady rise in the aver­
age fees paid This fact is shown by the averages in Table T T 
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DISCUSSION O F A V E R A G E PAYMENTS B Y D I F F E R E N T C L A S S E S O F V E H I C L E S 

Passenger cars The rates of registration fee charged against pas­
senger cars varied rather widely The lowest rate was found in the 
Distnct of Columbia, where a one dollar fee is charged for the registra­
tion of all gasoline-driven vehicles In Vermont the rate varied from 
S16 for cars weighing 2,000 pounds or less to $43 for those weighing 
more than 4,500 pounds The average payment was $21 45, the highest 
in any State Other States which exacted relatively high fees from 
their passenger cars were Oregon, in which the average payment was 
$21 44, Arkansas, with $18 56, Connecticut, with $16 84, and Florida, 
with $16 25 Among the States in which the payments were low were 
Washington, with an average of $2 94, California, with $3 02, and 
Arizona, with $3 50 Clustered about the national average were 
Kansas, with $10 06, Pennsylvania, with $10 29, and Wyoming, with 
$10 32 

Total payments by passenger cars were naturally highest m those 
States in which the gasoline-tax rate was 6 or 7 cents per gallon Thus 
in Florida, with a rate of 7 cents, the average payment of all fees and 
taxes by passenger cars was $59 90, in Arkansas, with a rate of 6 cents, 
the average payment was $50 38 In the District of Columbia, combin­
ing a $1 registration fee with a gasoline tax rate of 2 cents per gallon, 
the average of all fees and taxes was $10 77, the minimum for the 
country California came next, with $18 98 New York, with an 
average payment of $28 75, approached the national average of $28 35, 
as also did Connecticut, with $28 80, Arizona, with $28 96, and Texas, 
with $27"56 

Busses As the numbers of privately owned school busses and of 
sight-seemg and contract-carrier busses which were reported m this 
survey form so small a portion of all busses reported, a discussion of 
the variation in their rates or payments is hardly significant, the fol­
lowing remarks are therefore confined to public-earner busses 

Disregarding the $1 fee in the Distnct of Columbia, we find that the 
lowest average payment of registration fees by public-carrier busses, 
$11 24, was recorded in Montana In that State busses were classed 
as trucks and paid registration fees based on rated capacity, at 200 
pounds per passenger, varying from $10 for 1 ton or less to $200 for 
more than 5 tons The highest average payment of registration fees, 
$517 59, was reported for public-carrier busses in Minnesota, where 
the fee was based on value (list price), the rate being 10 per cent for 
the first year and decreasmg with succeeding registrations 

Average payments of all fees and taxes, including special fees m 37 
States and the District of Columbia, varied from $112 13 in Montana 
to $931.72 m Iowa. Other States in which the payments were high 
were Wisconsin, with $827 82, Florida, with $771 70, and Minnesota, 
with $637 90 The average for the country was $295 03 



36 HIGHWAY RESEARCH BOARD 

Space does not permit a detailed discussion of payments by busses 
in the various States To show the character of the variations which 
occur in tax rates and average payments, three States are selected as 
examples, Iowa, Montana, and Louisiana, these States being repre­
sentative of maximum, minimum, and average payments 

Public-carrier busses in Iowa paid registration fees on the basis of 
one per cent of value plus 40 cents per 100 pounds list weight and in 
addition a tax of one-fourth cent per gross ton-mile The State Motor 
Vehicle Department annually fixes the value of the various busses and 
the list weight The ton-mile tax is based on the passenger capacity 
multiplied by 150 pounds, plus the weight of the vehicle The gasolme-
tax rate in Iowa is 3 cents a gallon 

In Montana, in addition to registration fees paid on the basis de­
scribed previously, pubhc-carrier busses were requu-ed to pay a Public 
Service tax of $10 each The gasoline-tax rate is 5 cents per gallon 

In Louisiana busses were required to pay registration fees of 68 cents 
per horsepower plus a fee based on seatmg capacity varying from $2 
per seat for those seating 7 passengers or less to $7 per seat for those 
seating 30 passengers or more No special fees were charged The 
gasolme tax rate is 5 cents a gallon 

These various rates yielded average payments as follows 

Passenger capacity Iowa Montana Louisiana 
7 or less $146 46 $78 48 $103 61 
8 to 20 584 79 153 15 256 51 
Over 20 1,211 62 (none 458 63 

reported) 

AH busses 931 72 112 13 295 10 

Trucks and tractor trucks The vast majority of trucks and tractor 
trucks were either privately owned and operated or were reported 
without segregation by class of service Disregarding for the moment 
variation in payments by trucks of different sizes, we find average 
payments of registration fees varying from $9 40 in Nebraska to $50 68 
in^ Vermont, with a national average of $21 66 In payments of all 
fees and taxes (registration fees and gasoline taxes) the averages vary 
from $32 50 in Missouri to $114 38 in Florida, the figure for the country 
as a whole being $60 15 

To illustrate the range in average payments by trucks of different 
rated capacities, the figures for Georgia, Missouri, and New York are 
given in Table I I I These three States are fairly typical of the range in 
average payments of registration fees and gasoline taxes 

In Georgia the rates of registration fee varied from $15 for trucks 
of 1 ton capacity or less to $375 for 6-ton trucks The rate on 7-ton 
trucks was $750, and that on trucks of more than 7 tons was $1,125, 
but there were no trucks of more than 6 tons capacity registered in 



MacDONALD—MOTOR VEHICLE TAXATION 37 

Georgia in 1932, and only one 6-ton truck The gasoline-tax rate in 
Georgia was 6 cents per gallon 

In Missouri the rates varied from $10 50 for trucks of 2 tons capacity 
or less to $36 for 7-ton trucks, with $15 added for each additional ton 
The gasolme-tax rate was 2 cents per gallon 

T A B L E I I I 

COMPARISON OF A V E R A G E PAYME^fTS B T T R U C K S OF D I F F E R E N T R A T E D C A P A C I T I E S 
R E G I S T E R E D I N G E O R Q I A , M I S S O U R I , AND N E W Y O R K I N 1932, I N C L U D E S P R I V A T E 
T R U C K S O N L Y I N G E O R G I A AND M I S S O U R I , A L L T R U C K S I N N E W Y O R K 

Rated capacity in tons 

Number 
regis­
tered 

Per­
centage 
distri­
bution 

Average 
per vehicle 
payments 

Registration fees and 
gasoline taxes 

Rated capacity in tons and 
tax-
paid 

Per­
centage 
distri­
bution Regis­

tration 
fees 

Gaso­
line 
taxes 

Total 
payments 

Per­
centage 
distri­
bution 

Aver­
age 
per 

vehicle 

Georgia 

X \ and less 38,973 95 51 $16 37 $68 93 $3,324,544 93 41 $85 30 
Over 1̂  and less than 3 1,572 3 85 28 65 93 15 191,472 5 38 121 80 
3 and less than 5 256 63 43 46 117 45 41,195 1 16 160 91 
5 4 01 133 93 143 38 1,110 03 277 31 
Over 5 1 ) 00 375 00 175 74 551 02 550 74 

Total or average 40,806 100 00 17 04 70 17 3,558,872 100 00 87 21 

Missouri 

H and less 88,009 89 67 $9 51 $21 11 $2,694,389 84 45 $30 62 
Over l i and less than 3 5,992 6 10 16 44 28 53 269,480 8 45 44 97 
3 and less than 5 3,791 3 86 17 04 35 97 200,955 6 30 53 01 
5 333 34 26 19 43 91 23,343 73 70 10 
Over 5 26 03 34 73 53 83 2,302 07 88 56 

Total or average 98,151 100 00 10 28 22 22 3,190,469 100 00 32 50 

New York 

l i and less 216,396 69 28 $20 77 $29 51 $10,879,905 52 37 $50 28 
Over I J and less than 3 64,326 20 59 41 92 39 88 5,261,508 25 32 81 80 
3 and less than 5 14,012 4 49 69 17 50 28 1,673,792 8 05 119 45 
5 6,695 2 14 84 03 61 38 973,524 4 69 145 41 
Over 5 10,945 3 50 106 38 75 24 1,987,787 9 57 181 62 

Total or average 312,374 100 00 31 65 34 86 20,776,516 100 00 66 51 

New York imposed on trucks weighing less than 1,800 pounds a flat 
rate of $12 and on trucks weighing 1,800 pounds or more a fee of 80 
cents per hundredweight on the unladen weight of the vehicle The 
gasolme-tax rate was 2 cents 

Georgia is an example of a State in which there is a wide range from 
relatively low fees for light trucks to very high fees for heavy trucks 
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In Missouri the rates were uniformly low, while in New York, with fees 
based on net weight, the average payments for all sizes of trucks were 
not far from the national averages The high gasolme-tax rate in 
Georgia brought the average payments of all fees and taxes well above 
those in Missouri and New York for all capacity groups 

An interesting point to be observed in Table I I I is the relative dis­
tribution of trucks of different sizes in the three States In Georgia 
nearly 96 per cent of trucks were of I f tons capacity or less, while in 
New York less than 70 per cent were in this capacity group With 
only five trucks of 5 tons capacity or more, Georgia obtained a negligible 
revenue from heavy trucks New York, on the other hand, derived 
nearly three million dollars from these two classes It should be recog­
nized that we are comparing here two States which are very different 
in density of population and in industrial and commercial development 
It appears probable, however, that the imposition of fees running as 
high as $1,125 has discouraged the registration of heavy trucks in 
Georgia This inference is supported by data obtained from other 
States in which the registration rates were high 

In Alabama the rate of registration fees on 5-ton trucks was $400, 
on 6-ton trucks, $750, and on 7 tons and over, $1,000 Only seven 
5-ton trucks were reported, one 6-ton, and none over 6 tons The total 
registration fees paid by these eight trucks were $2,487 

In Arkansas the law provided registration fees of $300 for 5-ton 
trucks and $400 for 6-ton trucks, those of more than 6 tons capacity 
not being permitted For-hire carriers paid 50 per cent in excess of 
the private rate Only three trucks of 5 tons capacity or more were 
registered in this State in 1932, paying total registration fees of $850. 

In North Dakota, where the rate on 5-ton trucks was $400 and on 
those over 5 tons, $600 to $1,500, with reductions after the first year 
of registration, we find six 5-ton trucks paying a total of $1,404, and 
none over 5 tons In South Dakota, where the schedule of rates, based 
on chassis weights, was also very high, only four 5-ton trucks were 
registered, with total collections of $1,300 

In Louisiana the law provided that trucks with a net carrying capacity 
greater than 5 tons should be charged $150 for each thousand pounds 
carrying capacity in excess of 5 tons, in addition to a fee of 68 cents 
per horsepower and $32 per ton for the first 5 tons ($50 per ton for 
common carriers). City trucks were exempted from this schedule and 
paid at the rate of $10 per ton plus 68 cents per horsepower No 
private trucks were reported in 1932 as paying the high rates cited 
above. Five common carriers having capacities of more than 5 tons 
paid a total of $323 Of city trucks there were 28 of more than 5 tons 
capacity and the total collections from them were $3,050 Thus we 
have a relatively low rate of registration fee producing nearly ten times 
the revenue obtained from a very high rate applied to vehicles of the 
same capacity group 
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For-hire earners As an example of the variation in fees of private, 
contract, and common carrier trucks it is interesting to compare Iowa, 
Missouri and North Carolina In Iowa the registration fee was based 
on capacity for all classes and varied from $15 00 for a 5-ton truck to 
$450 for a 9-ton truck Contract-earner trucks were charged an 
annual franchise fee of $5 00 in addition, while common earner trucks 
paid a ton-mile tax of one-fourth cent per ton-mile 

In Missouri contract trucks were assessed the same rates for registra­
tion as private trucks, based on carrymg capacity, and paid no addi­
tional fees Common carrier trucks, in addition to the capacity 
registration fee, paid a special load capacity tax ranging from $25 for 
a truck of 1§ tons to $500 for a truck over 9 tons 

T A B L E IV 

A v B R A Q E PAYMENTS B Y T R U C K S P R I V A T E L Y OWNED AND O P E R A T E D , CONTRACT 
C A R R I E R S , AND COMMON C A R R I E R S I N IOWA, N O R T H C A R O L I N A , AND 

M I S S O U R I I N 1932 

State and item 
Privately 

owned and 
operated 

Contract 
carrier 

Common 
carrier 

Iowa 
Registration fees 820 17 352 83 373 64 
Gasoline tax 23 22 43 44 46 99 
Franchise fees — 5 00 — 
Ton-mile tax — 131 39 

All fees 43 39 101 27 252 02 

Missouri 
Registration fees 10 28 15 26 13 56 
Gasoline tax 22 22 40 24 37 51 
Special capacity tax — — 48 38 

All fees 32 50 55 50 99 45 

North Carolina 
Registration fees 20 25 63 65 42 04 
Gasoline tax 65 01 113 65 112 47 
Special capacity tax — — 42 91 

All fees 85 26 177 30 197 42 

In North Carolina all trucks were required to pay registration fees 
based on gross weight On private trucks the rate varied with capacity 
from 55 cents to one dollar per hundredweight, on contract carriers, 
from one to four dollars, on common earners, 90 cents per hundred­
weight regardless of capacity Common carrier trucks were subject 
to an additional tax of 6 per cent of gross receipts if and when and in 
such amounts as this exceeded the original registration payment 

The gasoline-tax rates in Iowa, Missouri, and North Carolina were 
3, 2, and 5 cents per gallon, respectively 

The average payments by private, contract, and common carrier 
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trucks m these three States are shown in Table I V It will be noted 
that in Iowa, while the fees paid by trucks privately owned and operated 
were moderate, the average payments by common carriers were un­
usually high In North Carolina, largely because of the five-cent tax 
on gasoline, the pajonents by private trucks were large, and those of 
contract and common carriers were progressively higher In Missouri 
payments by all classes were relatively low 

Trailers and semitrailers No imusual features were found in the 
taxation applied to trailers and semitrailers Light trailers were usually 
charged little more than nommal fees, the average registration fee paid 
by trailers and senutrailers, privately owned and operated, of 1 | tons 
capacity or less, was $3 29. Much higher fees were charged against 
heavy trailers, the average for those of more than 5 tons capacity being 

T A B L E V 

COMPARISON OF P E R C E N T A G E OF A L L V E H I C L E S R E G I S T E R E D WITH P E R C E N T A G E OF 
R E G I S T R A T I O N F E E S AND G A S O L I N E T A X E S P A I D , FOR P A S S E N G E R C A R S AND 
T A X I C A B S , B U S S E S , T R U C K S AND T R A C T O R T R U C K S , AND T R A I L E R S AND S E M I ­
T R A I L E R S , I N M I S S O U R I , N E W Y O R K , AND ARIZONA 

Missouri New York Arizona 

Type of vehicle Per­
centage 

of alT 
vehicles 

Percent­
age of all 
registra­
tion fees 

and 
gasoline 

taxes 
paid 

Per­
centage 

of aU 
vehicles 

Percent­
age of all 
registra­
tion fees 

and 
gasoline 
taxes 
paid 

Per­
centage 
of all 

vehicles 

Percent­
age of all 
registra­
tion fees 

and 
gasoline 
taxes 
paid 

Passenger cars and taxicabs 84 95 81 71 85 26 71 75 82 63 66 76 
Busses 03 11 27 1 48 28 2 07 
Trucks and tractor trucks 13 64 18 00 13 86 26 52 15 17 30 47 
Trailers and semitrailers 1 38 18 61 25 1 92 70 

All vehicles 100 00 100 00 100 00 100 00 100 00 100 00 

$73 91 In a few States the rates on large trailers were very high, 
thus we find in South Dakota a rate of $500 applied to trailers weighing 
more than 5,000 pounds of which only one was registered in 1932 

In general those States which imposed special fees on for-hire trucks 
and tractor trucks required similar pajmients for the operation of trailers 
and semitrailers 

Comparison of percentage payments by different classes of vehicles The 
variation m the relative distribution of registration fees and gasoline 
taxes among the several types of vehicles in the different States is 
illustrated m Table V, which shows the percentage of total vehicles 
registered in each class and the corresponding percentage of total 
registration fees and gasohne taxes paid by each class for the States of 
Missouri, New York, and Arizona Payments by motor cycles are not 
included in this tabulation 

Missouri shows an unusually even distribution of taxes among the 
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several types of vehicles in proportion to their numbers, while Arizona 
exemplifies a very uneven distribution In Missoun, passenger cars 
and taxicabs, representing 85 per cent of the vehicles registered, paid 
82 per cent of the total registration fees and gasoline taxes, while in 
Arizona where passenger cars and taxicabs were nearly as large a pro­
portion of vehicles registered as in Missouri (83 per cent), they paid 
only 67 per cent of the taxes Trucks in Missouri were about 14 per 
cent of all vehicles, but paid 18 per cent of the taxes, while in Arizona 
the corresponding percentages are 15 and 30 New York represents a 
distnbution of vehicles and taxation which is fairly typical, passenger 
cars and taxicabs comprismg 85 per cent of the vehicles and paymg 
72 per cent of the taxes, while trucks were 14 per cent of the vehicles 
and paid 27 per cent of the total registration fees and gasoline taxes 
It will be noted that these comparisons are made for registration fees 
and gasolme taxes only because these are the only taxes which are paid 
by all classes of vehicles (trailers excluded) and thus establish a uniform 
basis of comparison 

L O C A L AND P E R S O N A L P B O P E R T Y T A X A T I O N 

Taxation of motor vehicles by local authorities—counties, munici­
palities, and lesser jurisdictions—has been an almost imexplored field 
The intricacies in forms and methods of taxation presented by 48 
States and the District of Columbia are magnified manyfold when the 
inquiry is carried down into the subordmate taxmg jurisdictions, num­
bering many thousands The present investigation, therefore, may be 
regarded as the first serious attempt to learn something about the local 
phases of motor vehicle taxation, and its results, while not entirely 
complete, are indicative of considerable amounts paid into local general 
tax funds by motor vehicle owners 

The collections in 1932, as reported through answers to question­
naires, may be summarized as follows, the figures bemg rounded off 
to the nearest thousand 

County taxes on motor vehicles $1,703,000 
Municipal taxes on motor vehicles 14,158,000 
Personal property taxes on motor vehicles (State, county, 

and other jurisdictions) 36,000,000 

Total $51,861,000 

It would appear that in only five States did the counties impose 
taxes (other than personal property taxes) upon motor vehicles m 
1932, and that four of these States are located m the South and are 
contiguous to each other The five States are Alabama, Louisiana, 
Mississippi, Nevada, and Tennessee Gasolme taxes collected by the 
counties of Louisiana, Alabama, and Mississippi accounted for about 
90 per cent of all the special county taxes reported throughout the 
United States The largest single sum reported in any State was that 



42 HIGHWAY RESEARCH BOARD 

for county (parish) gasoline taxes in Louisiana, which totaled ap­
proximately $1,139,000 

Municipal fees and taxes on motor vehicles are much more common 
than county fees and taxes, being found in 39 States The most prev­
alent type of fee, although not the most productive, was found to be a 
franchise tax, frequently levied upon taxicabs, busses, and for-hire 
trucks, and sometimes upon occupations in which motor vehicles are 
used, such as drayage and the like Fees of this nature were reported 
in 34 States, and the total collected was $2,053,000 

Municipal gasohne taxes were found in only six States, in widely 
separated regions of the South and West, but the total collected was 
$2,602,000, of which Missouri alone accounted for approximately 
67 per cent 

Registration fees amounted to $9,010,000, and of this total the State 
of Illinois alone accounted for approximately 68 per cent 

Other fees reported included chiefly such items as chauffeurs' and 
operators' licenses, to the total amount of $402,000 

Among the 39 States reporting special municipal fees, the States 
of Illinois and Missouri far exceeded any others and together repre­
sented about 67 per cent of the National total 

Some form of taxation of motor vehicles as personal property was 
found to exist in 31 States and the District of Columbia This phase 
of the tax problem is greatly complicated by the large number and 
variety of taxing jurisdictions which may place imposts upon personal 
property, among which are the State, the county, the municipality, 
and the many lesser jurisdictions, such as school districts, road dis­
tricts, sanitary districts, and the like The total personal property 
tax levied upon motor vehicles in 1932 was approximately $44,000,000, 
of which about $36,000,000 was actually collected The survey dis­
closed that 17 States, in which there were 11,834,000 motor vehicles 
registered, or 46 per cent of the total for the Nation, exempted motoi 
vehicles from taxation as personal property 

F E D E R A L T A X A T I O N 

A new element entered the motor vehicle taxation field in 1932 in 
the form of the United States Government itself, with manufacturers' 
excise taxes levied upon gasoline, lubricating oils, tires and inner tubes, 
automobiles and motorcycles, automobile parts and accessories, and 
trucks Administration of these new taxes began in June 1932, and 
the total collected during the second half of the year was $84,293,846— 
this sum representing actual collections, which were considerably less 
than the tax-earnings during that period, due to lag in collections The 
true earnings of these taxes m 1932 are shown by the collections of the 
period ending January 31, 1933, which were $98,161,386 After adjust­
ment for other than motor-vehicle uses of gasoline and oil, it appears 
that the total payments attributable to motor vehicles were approxi­
mately $92,404,000 
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S Y N O P S I S 

Highway engineering science is still crude and imperfect in two 
important branches first, engineering valuation of highways, 
second, highway accountancy The highway systems constitute a 
public utility comparable to the railways and surpassing all other 
utilities in magnitude of investment, yet highway engineers do 
not know how to ascertain the correct present values of the high­
way properties nor have they developed any standard system of 
accountancy 

The same general principles of valuation and accountancy devel­
oped for other public utilities apply to highway valuation including 
the rule that all factors affecting value must be given due consider­
ation and such weights as may be just and right, as determined by 
judgment, not by formula 

The physical value of the system may be determined by (1) 
valuing the land owned and used, (2) determining the original cost 
new less depreciation, (3) determining reproduction cost less depre­
ciation , giving such weight as is just to original cost and reproduction 
cost price levels Allowance for preliminary expense and going con­
cern intangible values are matters for research and discussion as is 
also the working capital of highway systems 

The earning values of highway systems can be determined by ana­
lyzing the revenues (from property taxes, license fees and fuel taxes), 
operation costs and annual "actual" depreciation costs 

The service-worth values are what their earning values would be 
if their revenues were just equal to the "reasonable worths" of their 
total highway services rendered Traffic surveys and research on 
reasonable worths of different highway services are necessary to 
determine true service worth values 

A standard accountancy system should provide for current depre­
ciation accountancy and include property ledger sheets kept up to 
date Depreciation of the various property units and / or age groups 
of like units should be estimated by modern methods 

INTRODUCTORY DISCUSSION 

Immediately after the World War, the author had the great privilege 
of assisting actively in the formation of the Highway Research Board 

43 
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There were two pnncipal reasons for its creation: First, it was clearly 
evident that many billions of dollars were about to be spent in con­
structing improved highways in the Umted States, second, in the face 
of this enormous impending expenditure, the science of modem highway 
design, construction and maintenance was so pitifully crude and im­
perfect that enormous wastes were bound to occur, resulting from 
sheer ignorance, unless imprecedentedly great, immediate scientific 
advances could be accomphshed by a coordinated national program 
of highway research I t is now most gratifying to know that the High­
way Research Board has been wonderfully successful m placing modern 
highway engineenng upon a truly scientific basis The value of the 
highways we have constructed since 1919 is hundreds of miUions of 
dollars greater than could have been obtained without the scientific 
highway engmeermg discovenes made the last 14 years 

Nevertheless, present day highway engineering science is still piti­
fully crude and imperfect in two very important branches First, the 
engmeenng valuation of highways, second, highway accountancy 

During the last 14 years, the highway engineers of the United States 
have spent about ten billions' of dollars for highway construction alone, 
yet we do not know, and we have developed no way to ascertain cor­
rectly the true present values of the highways which have been built 
at such great cost 

The highways of the Umted States constitute one of the greatest 
public utihties in the world, whose cost is more than half that of all the 
railways in our country, yet we have developed no property ledger sys­
tem worthy the name for accounting for this tremendously valuable 
property trusted to the care of highway engmeers 

The annual highway revenues collected in the Umted States in the 
form of road taxes on property, gasohne taxes and vehicle license fees 
constitute one of the major parts of our crushing tax burdens, yet we 
have never made the researches necessary to estabhsh a scientific basis 
for eqmtable charges for highway services and their equitable division 
between property taxes, fuel taxes and personal fees, all of which are 
still determined mainly by legislative whims instead of by just pnnciples 

Furthermore, highway engmeers have never even developed, much 
less put into use, any standard system of highway accountancy, the 
first essential of wise public utility management and regulation Ig­
norant of recent progress m the scientific treatment of depreciation, 
present day highway engmeers content themselves with wild guesses 
at annual highway depreciation costs, though they are a very important 
part of the true costs of highway services 

A large amoimt of carefully planned and executed highway research 
IS still needed to develop the scientific technique necessary for the 

• Omitting maintenance costs and all but a small percentage of the costs of 
constructing city streets 
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correct valuation of highway systems, and for a comprehensive and 
satisfactory standard system for highway accountancy 

HIGHWAY V A L U A T I O N A S P E C I A L C A S E OF P U B L I C U T I L I T I E S V A L U A T I O N 

It IS necessary to realize that our highway systems are great public 
utilities, of which highway engineers and other ofl&cials are the responsi­
ble managers, not merely the promoters and builders Already the total 
investment in the highways of the United States is more than half her 
railway investment, and surpasses the national investment in nearly 
every other utility The general principles of valuation and account­
ancy which have been developed for other public utilities dunng 50^ 
years of experience, study and litigation apply also to highway valuation 
and accountancy The fact that highway systems are owned by public 
corporations (states, counties, townships) instead of by private stock 
compames does not change their status as public utilities, "endued 
with a public character " 

However, highway system public utihties have certain distinctive 
characteristics, some of which are The capital invested m highways is 
partly obtained on public credit which is not dependent on the value of 
highway property, the different state, county and township highway 
systems connect and exchange traflSc at multitudinous points, there 
are as yet only inadequate traflic survey records of the amount of high­
way services rendered by the different highway systems, the charges 
for highway services are not collected directly, in accordance with 
scheduled rates for different kinds of service, but indirectly, m the 
form of property taxes, license fees and gasoline taxes, whose proceeds 
are distnbuted arbitranly between the different systems 

G E N E R A L P U B L I C U T I L I T Y V A L U A T I O N P R I N C I P L E S A P P L I C A B L E TO 

HIGHWAY SYSTEMS V A L U A T I O N 

The same general principles of valuation and accountancy which have 
been developed for other public utilities apply also to highways All 
factors affecting value must be duly considered and be given "such 
weight as is just and right in each case " For valuation, the highways 
of each state can be divided into systems, such as the one state and the 
ninety-nine county highway systems of Iowa Each system can be 
valued separately The first step in valuation should be to prepare 
a complete inventory, showing all property units 

Physical Value The physical value of the property may be deter­
mined by (1), valuing the land owned and used, (2) and (3), deter­
mining separately the original and the reproduction costs new, including 
overhead costs, less depreciation, of all other physical property units, 
(4), giving such weight as is just and nght in each case to original cost 
and to reproduction cost price levels 

Intangible Values Whether any, and if any what, allowances should 
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be made for prehminary expense value, going concern value and for the 
value of highway easements over lands used but not owned are all still 
matters for research and discussion 

Working Capital The working capital of a highway system is the 
average amount of operation funds kept on hand between their dates 
of receipt and expenditure 

Earning Value The earning value of a highway system is the capital­
ized value of the actual average annual existing net returns For any 
one year, mt return = total revenue (say from property taxes, license 
fees and gasoline taxes)—operation costs (Omitting owners' vehicle 
-operation costs)—annual "actual" depreciation Interest is a part of 
net return, not an operation cost 

Service-Worth Value The service-worth value of a highway system 
IS what its earning value would be if its total annual revenue were just 
equal to the total "reasonable worth" of the total annual highway 
services rendered A large amount of work on traffic surveys and in 
researches on the reasonable worths of different classes of highway 
services is necessary before the true service-worth values of particular 
highway systems can be determined 

Standard Highway Accountancy System The Amencan Association 
of State Highway OflBicials and other highway orgamzations ought co­
operatively to develop a standard system of highway accountancy, 
including current depreciation accountancy, and standard property 
ledger sheet accounts, kept constantly up to date 

Determination of "Actual" Depreciation "Actual" depreciation 
costs are a very important part of the costs of highway services and 
should be estimated separately for each particular property unit, or 
age-group of like umts, by the modem methods recently developed 
These modern methods are based on the use of mortality curves in 
estimating probable service lives, on probable service lives reestimated 
from time to time dunng actual service, and on "probable future oper­
ation return ratios" which take due accoimt of changes in the annual 
values of the servises rendered by particular umts The depreciation 
determinations are kept adjusted to conform with the reestimated 
ratios and probable service lives, so that they always check out correct 
at the actual dates of the retirements of the different units 

Doubtless, the most important general valuation pnnciple appli­
cable to highway valuation is the famous "Smyth v Ames Rule," that 
every factor affecting value must be given due consideration and "such 
weight as may be just and nght" in each case, as determined by sound 
judgment, not by any "formula " This rule has been upheld by the 
U S Supreme Court ever since 1898, m an unbroken line of decisions 

In these decisions, the U S Supreme Court has consistently rejected 
both the "Reproduction-Cost-New-Less-Depreciation" valuation for­
mula, which would give reproduction cost price levels dominant weight. 
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and the "Prudent Investment" valuation formula, which would give 
original cost pnce levels dominant weight 

The fundamental basis of exchange value is the "present worth" of 
probable future net returns These probable future net returns are 
indicated by sound judgment at the date of valuation, and are not likely 
to prove to be identical with the actual net returns which the future 
will bring 

All the factors which affect value do so by affecting the probable 
future net returns. The factors which have been either actually 
enumerated or necessanly implied by the U S Supreme Court are: 

1 The original costs new, including overhead costs, less depreciation 
to date, of the existing property umts 

2 The reproduction costs new, mcludmg overhead costs, less depre­
ciation to date, of the existing property umts 

3 The earning value obtained by capitalizing the average present 
annual net returns. 

4 The service-worth value obtained by capitalizing the average annual 
net returns which would be earned if the revenues collected were based 
on charges for highway services just equal to their "reasonable worths " 

5. The stock-and-bond value, based on current market pnces How­
ever highway systems have no stock-and-bond values, for they issue 
no stocks, and their outstanding bonds, if any, are based on the credit 
of the public corporations which issued them, not on the values of the 
highway properties 

6 All "other pertinent factors," affecting value Such as, for high­
way systems, the characters of the lands and the communities served 
(which will affect future traffic), present and probable future business 
conditions, present and probable future price trends 

IOWA HIGHWAY SYSTEMS 

For valuation purposes, the highways of each state may well be 
divided into separate systems, each of which includes all highways 
owned and admimstered by a separate public corporation, such as a 
state, a county, a township For Iowa, these systems and the sums 
spent for their construction during the years 1919-1932, inclusive, 
alone, are as follows. 

Construction Costs 
during 1919-32, 

Iowa Highway Systems inclusive, alone 
1 State System, Primary Roads $232,542,000 

99 County Systems, Secondary and 
Local Roads 120,414,000 

$352,956,000 

No construction costs pnor to 1919 are included in the above table, 
and new construction is still proceeding and will continue a long time. 
About $8,000,000 on the state system and perhaps half as much on the 
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county systems are being expended on new construction this year 
The assessed valuation of Iowa railways this year is $215,000,000, 
including rolling stock In valuing the highways a large deduction 
would be made for depreciation, but even so, and without including 
the $300,000,000 or more invested in the automobiles and trucks which 
constitute the mam part of highway "rolling stock," it is evident that 
Iowa highways constitute a public utility which ah-eady approximates 
her railways and far surpasses any other of her utilities in magnitude 
of investment 

The records of construction costs, operation expenditures and rev­
enues (from highway property taxes, license fees and gasohne taxes) 
are separate and distinct for each of Iowa's 100 highway systems, of 
each of which, separately, it is therefore feasible to determme the 
ongmal cost 'value, the reproduction cost value and the earmng value 

On the other hand, a large amount of work on traffic surveys and a 
large amount of research upon the "reasonable-worths" of different 
kmds of highway services are necessary before the true "service-
worth" values of any of the systems can be determined 

T H E PROCESS O F MAKING AN E N G I N E E R I N G V A L U A T I O N O F A 

HIGHWAY S Y S T E M 

The process of making an engineering valuation of any one of Iowa's 
highway systems might well be about as follows 

1 Make a complete inventory of all highway property units and/or 
age groups of like umts 

There should be m every state, but at present are not in any state, 
complete highway property records, kept constantly up to date, on 
standard property ledger sheets, from which a classified inventoi-y foi 
each highway system condensed into valuation groups, can readily be 
prepared without extensive field work 

Physical Value 

2 Determine the value of the land owned and used This will be a 
small part of the land used, over most of which the public owns only a 
highway easement By the "law of the land," as repeatedly laid down 
by the U S Supreme Court, the value of the lands owned and used is 
equal to the present market value of similar adjacent lands 

3 Determine the original costs new, including overhead construction 
costs, less total actual depreciation to date, of all present existing physical 
property units except land 

In doing this, quite a number of omissions in the early records must 
be supplied by the valuator from his knowledge of cost levels prevailing 
in past years 

4 Determme the reproduction cost new, including overhead construc­
tion costs, less total actual depreciation to date, of all piesent existing 
physical pioperty units except land 
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In doing this the valuator may use "spot" reproduction cost prices, 
the average for the current year, or the "penod" reproduction cost 
prices which he forecasts for a penod of 3 to 5 future years ' 

5 Determine the total present physical value of the property of the 
system, by giving ongmal cost and reproduction cost prices level the 
relative weights which are judged to be "just and right" m this case, 
in view of present and forecasted future price trends 

Intangible Values 

6 Determine whether any, and if any what, intangible values should 
be allowed for (1), preliminary expense value; (2), going concern value, 
(3), highway easements, over lands used but not owned 

In general the courts allow the above intangible Values for other 
pubhc utihties, but research and study are needed to determine what 
should be the practice in valuing highway systems, owned and operated 
by the public, especially in cases where the revenues collected are 
insufficient to pay a "fair" net return profit above the actual costs of 
the highway services rendered 

Working Capital 

7 Determme the working capital required for the operation of the 
highway system I t is equal to the average amount of operation funds 
necessary to keep on hand to pay operation cost expenditures promptly 

Earning Value 

8 Determme the earning value, if any, of the highway system The 
earmng value is the capitalized value o' the actual, present, average 
annual net returns The equation for calculating the net return for 
any one year is 

Net return = total highway revenue — total operation costs (interest 
is not an operation cost) — total annual "actual" depreciation 

Interest on capital indebtedness (such as bond interest) is a part of 
net return Owners' vehicle operation costs must be omitted. 

In general, pubhc utility eammgs are subject to regulation, down 
or up, until they are just sufficient to yield a "fair net return" on the 
"fair value" of the property owned and used in rendenng the services, 
provided'^ that this fair 'net return does not require charges for the 
services greater than their "reasonable worths " 

Hence, to give matenal weight m valuation to the "fair net return 

' In the past the average prices of the last 3 to 5 years have often been used, 
but should not unless they are believed to forecast the future correctly 

* In the Smyth v Ames decision the U S Supreme Court said "What 
the company is entitled to ask is a fair return upon the value of that which it 
employs for the public convenience On the other hand, what the public is en­
titled to demand is that no more be exacted from it for the use of a public high­
way than the services rendered by it are reasonably worth " 
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on fair value" of public utility properties would throw the valuator 
into a "vicious circle of reasoning " 

Highway systems are public utilities, owned and operated by the 
public for the purpose of affording adequate and satisfactory highway 
facilities for vehicles owned and operated by citizens, not by the utility 
The question of how large, if any, excess of highway revenues should be 
collected above the actual operation cost plus depreciation costs is as 
yet unsettled, and is worthy of extensive research, study and discussion 

Service-Worth Value 

9 Determine the sermce-worth value of the highway system, as nearly 
as may be The service-worth" value is what the earning value of the 
system would b6 if its total annual revenue were just equal to the total 
"reasonable worths"* of the total annual highway services rendered 

In order to determine the service-worth value of a highway system, 
it is necessary 

First, to conduct traffic surveys, in order to determine, as nearly as 
may be, the annual amounts of highway services of different classes 
rendered by the different component roads of highway systems 

The traffic surveys may demonstrate that some unwisely planned, 
individual roads do not now and are not likely in the future to render 
highway services commensurate with their costs 

Second, to determine the "reasonable woith,"^ pei unit, of each 
different class of highway services 

In some few cases (such as present street i ail ways) the "reasonable 
worths" of public utility services may be fixed by competition, but in 
the majority of cases, including most present highway systems, their 
"reasonable worths" are the costs at which the users could supply 
themselves with the same services, as organized corporations, not as 
individuals' The application of this principle to highway systems 
would make the total "reasonable worths" of their annual highway 
services just equal to the sum of their annual operation costs (omitting 
owners' vehicle operation costs) plus their aimual "actual" depreciation 
cost plus their annual "fair" net returns, after eliminating any roads 
which the traffic surveys show to have been unwisely planned 

The distribution of the total "reasonable worths" of the system's 
annual highway services between the different classes of such services 
requires a large amount of study and research not yet made This is 
an important subject for new highway research, and for much study and 
discussion. The following discussion is to be considered as tentative 
and suggestive only, not as stating final conclusions by the author 

A tentative classification of highway services might be 
(1) Road access highway service This service is direct to the land 

' See Brunsvnch & Topsham Water Distncl v Maine Maine Supreme Court 
99 Me 371, 59 Atl 537, December, 1904 
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owners of adjacent properties; and justifies, in principle, the customary-
road taxes on lands All classes of roads, primary, secondary, local 
and by-, render this land access service l 

It is tentatively suggested that the total "reasonable worths" of the 
annual road access highway services of the highways withm a region 
are the annual yields of road taxes on lands just sufficiently high to 
pay the major part of the total annual operation costs (omitting owners' 
vehicle operation costs) plus total actual depreciation costs plus annual 
fair net retuins of a system of local roads coextensive with the actual 
highways, and of the type found to be most practicable in view of the 
topography, of the available road materials, and of the character and 
values of the lands and communities served 

(2) Road use highway service This service is direct to road users, 
ancf justifies, in principle, the customary vehicle license fee and gasoline 
tax charges for road use The vehicle license fee is a form of "ready 
to serve charge", while the gasoline tax is probably the best approach 
practicable at present to ton-mile and vehicle-mile road use taxes 

It IS tentatively suggested that the total "reasonable worths" of the 
annual road use services rendered by a highway system is that portion 
of the sum of its annual operation costs (omitting owners' vehicle oper­
ation costs) plus its annual actual depreciation costs plus its annual jair 
net returns left after deducting the "reasonable worth" of its road access 
highway services, and that this total may be equitably divided between 
road services on by-roads, local roads, secondary roads and primary 
roads by suitably taking into account the average actual vehicle-mile 
and ton-mile costs of each of those road types 

A S T A N D A R D H I G H W A Y A C C O U N T A N C Y S Y S T E M 

The Amencan Association of State Highway Ofiicials, the Highway 
Research Board and other highway organizations ought cooperatively 
to develop a standard system of highway accountancy 

Such standard systems of accoimts are already prescribed by the 
Interstate Commerce Commission for steam railways, electnc railways 
and telephone compames, and have been developed and are recom­
mended by the National Association of Railway and Utilities Com­
missioners for electric, water and gas utilities i 

In accordance with the rulings of the U S Supreme Court that 
actual depreciation is a real production expense, which must be pro­
vided for out of annual income before there is any real net return, and 
in accordance with the opinions now held and so often expressed by so 
many industrial authorities, the standard system of highway account­
ancy ought to provide fully for current depreciation accountancy, in­
cluding a depreciation reserve account equal at all times to the total 
accrued "actual" depreciations on all property units, and for complete 
property ledger accountancy for each unit and/or age-group of hke 
units 
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It I S necessary for privately owned public utilities to make an annual 
depreciation appropriation out of income, equal to the total "actual" 
depreciation dunng the year In highway administration, all that is 
needed is to make sure that an investment equal to the year's depre­
ciation I S made, out of the current income of each year, in highway re­
placements, highway improvements and/or new highways 
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Figure 1 Survivor Curve of Alternating Current Motors by Annual Rate Method 

T H E M O D E R N M E T H O D S O F D E T E R M I N I N G " A C T U A L " D E P R E C I A T I O N 

It seems not yet to be generally known that during the last ten years 
entirely practicable modem methods for determimng "actual" depre­
ciation have been developed which-

(1) Use mortality curves of different classes of property in estimating 
probable service lives 

(2) By reestimating the probable service life of each property umt 
and/or age-groups of like units from time to time dunng service, and 
immediately afterwaids adjusting depreciations accordingly, substitute 
actual observed service life for guessed average life and make the de­
preciation determination check out exactly with the value new less 
actually realized salvage value at the date of the actual retirement of 
each property umt. 
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(3) By the use of estimated and reestimated "probable future oper­
ation return ratios," enable correct depreciation allowances to be made 
for changes in the annual values of the services of property units 
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(4) By the use of extensive new "condition per cent" tables make it 
as easy to base depreciation determinations on the correct "present 
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worth" of piobable future net returns basis of value as on the incorrect 
"straight line" assumption, that a dollar received as net return at a 
distant future date is worth today just as much as a dollar on hand 
today in cash 

A very large part of the extensive researches by which these modern 
depreciation determination methods have been developed has been 
made during the last 14 years, at the Iowa Engineering Experiment 
Station, whose Bulletin 103, Life Characteristics of Physical Property, 
will be sent without charge to all who make request 

Figure 1, herewith, shows an actual example of a mortality curve for 
alternating current electric meters, as determined from eight years 
records of retirements in a large electnc light and power property 
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, Method By Straight-Line Actual Depreciation Method 

The Iowa Engineermg Experiment Station has developed 13 "mor­
tality type curves," which cover the entire, or nearly the entire, field 
of mortality characteristics of physical property Four of these are in 
the "left mode," five m the "symmetncal mode" and four in the "right 
mode" groups, in which the grestest annual retirement rate occurs 
respectively before, at and a/<er ages equal to "average" life In making 
depreciation detenmnations, the proper type curve fitting the class of 
property m question is selected and used 

Figure 2 shows the 5 "symmetncal mode" mortality type curves 
Figure 3 shows mortahty type curve " S 3 , " the middle curve of the 

symmetrical mode group 
For each mortality type cm-ve, expectancies have been computed by 
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methods hke those used by life insurance actuaries, and "probable 
service life" tables and curves prepared The probable life curve in 
Figure 3 is an example Also, "frequency" curves, "probable annual 
renewals" curves, and "average condition per cent" curves as shown in 
Figure 3 (and corresponding tables) are completed or are in process of 
completion 

A technique has been developed for making actual examinations of 
property units (without which "actual" depreciation cannot be deter­
mined) and of applying the observed data in determining their respective 
depreciations 

Figure 4 shows the results of the application of the modem methods 
in determmmg the actual depreciations at different service ages of two 
entirely similar pumpmg engmes, one of which proved to last 4 years 
less and the other 6 years longer than the average life of similar engines 
in service 

Similarly, Figure 5, shows how the application of "theoretical" depre­
ciation assumptions to the same two engines would give incorrect 
depreciation determmations, and fail to check out correct at the actual 
dates of retirement 

Finally, Figure 6, shows the latest standard form developed at the 
Iowa Engineering Experiment Station for the complete property ledger 
account of a property unit throughout its entire life Similar forms are 
being developed for the "group" depreciation accountancy of age groups 
of like units 

DISCUSSION 

O N 

V A L U A T I O N O F H I G H W A Y S Y S T E M S 

P R O F B D G R E E N S H I E L D S , Demson University I t seems to me that 
the rule that all factors affecting must be given due consideration has 
led to much uncertamty and htigation For this reason would it not 
be better to use fewer factors in attempting to evaluate a highway 
system than are used in evaluating other public utilities 

The value of a utility based upon the investment cost may be qmte 
different from the value, shown by the annual return, the original cost 
less depreciation may be at variance with the reproduction cost less 
depreciation Would it not be best to use, say, only the original cost 
less depreciation than to attempt to bring in other elements which may 
be conflicting' 

D E A N M A R S T O N By the ruling of the Supreme Court all factors 
affecting value must be taken into account and each of them must be 
given such weight as is just and nght Ongmal costs are not only to 
be considered—the reproduction cost is not the only thing In the case 
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of public utilities, earning value can be given little or no weight since 
earnings are what are to be regulated, but service-worth value is the 
value which would be based upon the reasonable worth of the services 
that must never be exceeded I think the same Smyth v Ames rule 
applies and should apply to highways There are lots of chances to 
use your own judgment There are some roads m Iowa, also some road 
structures, that are not worth what they would cost to reproduce 
The culverts and grades about to be deserted in making alignments 
are not worth anything 

« 

M A K I N G A N D U S I N G T H E T R A F F I C C E N S U S 

B Y E W JAMES 

Chief, Division of Highway Transport, U S Bureau of Public Roads 

SYNOPSIS 

Owing to the present day variety of uses for traffic data the mak­
ing of a traffic census is a much more complicated operation than the 
simple count every thirteen days that was started by France in 1844 
They are used as bases for construction and maintenance programs, 
for selection of type and design of pavements, for segregation of 
routes, for apportionment of revenues, for common carrier rate mak­
ing, for determining relations between motor vehicle taxes and gen­
eral property taxes and for many other purposes The cost of a 
survey planned to yield information on all of the problems is ordi­
narily prohibitive, so careful advance study is necessary in order 
that a survey will be certain to yield the particular data wanted 
Suitable comprehensive forms must be arranged and "details of the 
master schedule and field organization must be devised with the 
rigidity necessary to produce regularity of observation, adequacy 
of supervision and speed in filing field reports, checking for possible 
errors, and general supervision " However, it must be possible to 
make quick changes to care for imforeseen contingencies 

Since the daily traffic at a station is computed from observations 
made upon comparatively few actual days during a year and for only 
a part of those days, it is important that these samples be sufficiently 
representative to make possible an adequate estimate of the mean 
daily traffic volumes If the annual traffic is homogeneous and dis­
tributed according to the normal probability curve, the standard 
error in the mean daily traffic can be determined by statistical 
methods Whether or not traffic is so stable and homogeneous as 
to afford correct results by statistical analysis has not been fully 
demonstrated, and therefore studies of such complete statistical 
universes as those provided by the yearly records of toll bridges or 
tunnels are advocated 

As the French were the leaders both in the art of modem road build­
ing and in the science of highway engineering, it is not strange that 
they should have been the first to develop a traffic census Sometime 
prior to 1844 the first census was taken, for by that year the French 
had devised the simple and effective schedule that has characterized 
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practically every census since made, and from that time at least until 
the World War of 1914 there has been a regular periodical census on 
the national routes of France 

The French schedule reqmred an observation at intervals of thirteen 
days, which advanced the record one week day in each fortnight, gave 
a four weeks' record each year, and distributed this record uniformly 
over each of the four seasons The natural ratio of observations was 
retained for each day of the week, although it is probable that week­
end traffic was not so different from the rest of the week day traffic 
as we find it to be Probably market days rather than Saturdays and 
Sundays were, under conditions existing in France m the middle and 
late decades of the Nineteenth Century, the days showing the widest 
variations from the daily average 

The three elements in the French system that are noteworthy are 
the regulanty of the observations, the distribution to include all days, 
and the care taken to maintain the natural ratio among the several 
observations 

The French appear to have used their data for a single purpose—to 
determine the probable wear and consequently the amount of stone 
required for maintenance purposes On this determination depended 
the estimates for annual maintenance costs 

The first use of the traffic census in the United States appears to have 
been made about 1885 The first systematic census was probably not 
taken until 1906 when Dean A N Johnson made a study of horse-
drawn vehicles in the State of Illinois Since that time the traffic 
census has had more frequent use 

The first systematic study m the United States made according to 
the methods developed by the French engineers was undoubedly that 
undertaken by the Bureau of Public Roads m 1911 in connection with 
its studies of the cost of maintaimng different types of surfaces used 
in the Chevy Chase experimental roads and other experiments in the 
vicimty of Washington, D C In these observations the French system 
was used practically without change and some attempts were made to 
evaluate the data in terms of weights The presence in the traffic 
of a large fraction of motor vehicles made such attempt more or less 
futile , „ 

Since that time the traffic census has come into more or less general 
use in the United States, and it is interesting to note the vanety of 
purposes to which it has been put 

Studies of the density of traffic serve as a basis for' programs of con­
struction and maintenance, the classification of ro,̂ ds or routes, the 
determination of economy of types, for forecasts of future traffic, and 
for estabhshing necessary width^ I 

Classification of traffic by types of vehicles furnishes data for the 
selection of types of pavements,,,the determination of widths, the segre-
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gation of routes for commeicial or pleasure purposes, general cross 
section design, appoitioning motor vehicle levenues, and adjusting 
reciprocity conditions among the seveial states 

The classification of traffic with respect to the kind of operation will 
serve as a basis for fixing common carrier rates, for determining tourist 
requirements, for adjusting connecting routes, for establishing conditions 
of reciprocity, and for determining the relations of gas and motor vehicle 
taxes 

Further studies classifying traffic as to the situs of its origin may be 
used m the determination of the relations between motor and general 
property taxes for roads, for classifying roads as of general and of local 
use, for allotting funds for road construction, and for the general deter­
mination of highway financial policies 

Obviously, no one survey of traffic has ever been applied to all these 
purposes, and it is equally obvious that the simple French enumeration 
and classification by collars will not serve for so varied an analysis as 
this list of .uses indicates The variety of uses hsted at once discloses 
that m any census the details of the record taken must include such 
data as may be necessary and sufficient to answer the quenes raised 
Expansion of the field data to this necessary and sufficient scope may 
increase the cost of the traffic census to unwarrantably large figures 
For this reason, it is essential m the interest of economy to determine 
very defimtely what is wanted from a proposed survey and to organize 
the field work and devise the record to produce the data as inexpensively 
as possible This appears at first glance as a simple thing to do But 
it may be found at the time analysis is undertaken that some leak oi 
loophole in the data exists and it is generally not possible to supply the 
omission The only certain way to determine exactly what form the 
record shall take in any case is practically to go through a moot analysis 
in advance and cover every detail reqmred 

In a recent study made by the Bureau of Public Roads of what ap­
peared to be a simple problem, every point raised by the preliminary 
study of the case was successfully and adequately covered This analy­
sis was sufficiently long to require 56 separate steps in the form of 
columnar calculations, and each step had to be anticipated and pro­
vided for But, in the course of the analysis, the data revealed certain 
facts that led to new and different queries Attempt to answer these 
queries with the data assembled and entirely adequate for the original 
purpose as outlined developed a single omission m the material necessary 
to answer the question This omission cannot easily be filled, and the 
circumstance indicates how essential it is that the full case be stated 
and studied in advance of any traffic survey and the field work organized 
accordingly. 

The case referred to above is the delay study made of the viaduct 
across the New Jersey meadows The data seems to point to an inter-
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esting condition with respect to heavy truck traffic which was not 
thought of at the time the study was planned Heavy truck traffic 
appears in a lower ration to all truck traffic on the viaduct than it did 
on the surface roads Is this or is this not an indication that the 
reduction of congestion and the level grades on the surface roads have 
operated to attract and retam heavy truck traffic, which thus avoids 
the five per cent ramps and the three per cent grades a thousand feet 
or more long that exist on the viaduct The factual material to answer 
this very interesting query was not at hand—in fact, only a single detail 
was lacking—although the original data supplied everjrthing else foi 
the analysis as planned The unexpected query went just beyond the 
scope of the data 

With the required data defined it next becomes necessary to prepare 
suitable forms for the record These sheets, which used to be a small 
card or at most a letter size page, are now sometimes of cumbersome 
dimensions Surveys recently conducted by the Bureau have used 
sheets as large as fourteen by twenty-six inches 

To handle such field records requires usually a lapboard to which the 
sheets may be attached with rubber bands or metal clips, and frequently 
such boards are eqmpped also with the necessary chckers or registering 
tallies to carry the heavier counts being made 

To discuss the vanous forms of information needed to supply answers 
to the queries imphed in the list of possible uses of the traffic census 
already cited would go far beyond the scope of this brief paper It 
will be interestmg rather to note certain devices used to simplify secur­
ing a good record in a survey that is so large or so far flung in the area 
covered as to be difficult or so involved with respect to required data 
as to make it desirable to subdivide the record 

I t is first to be noted that regulanty is one of the essential features 
of the record Because of this a master schedule of observations is 
feasible and useful This master form can then be applied to any 
number of stations To plan the master schedule it is necessary to 
know the length of the proposed cycle of observations This cycle 
should be one more or one less than a multiple of seven, so that each 
succeedmg cycle will start on a different day of the week In the total 
cycle must be included the customary idle days of the observers These 
idle days can usually be made to average one day off m seven, but they 
cannot come at regular intervals of seven days The difference between 
the total length of cycle and the idle days, represents, of course, the 
number of stations that an observer or an observing party can cover 

A simple form for this master schedule is possible and once made it 
can be applied to as many separate observing groups as may be necessary 
in the survey It further serves as a fully adequate basis for correlating 
any miscellaneous observations that the proposed analysis requires, 
and its principal advantage is that new field schedules for a group of 
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observers howevei numerous can be prepared based on the master 
schedule in a few minutes, whereas the older method of making up a 
schedule for each observing party independently took considerable time, 
and sometimes led to confusion 

The master schedule is related directly to the field orgamzation and 
mdicates its form A concrete example will serve to indicate what this 
relation is In a traffic survey in New Jersey recently completed, the 
state was divided into three sections In each section there were suffi­
cient stations to require three observing parties for day time counts, 
one for mght counts, one special truck party taking special data, and 
one special bridge party which covered the bndges along the Hudson 
and Delaware Rivers The size of these divisions was determined by 
the number of stations in the master schedule, and over each division 
was placed a supervisor who had charge of the six observing parties 
operating in the division In all, some 400 men were used on the New 
Jersey survey because of frequent changes of personnel to spread em­
ployment To maintain a carefully observed schedule under such 
conditions demanded close supervision 

The field arrangements were further simphfied by an orderly designa­
tion of stations All stations in the same cycle were numbered begm-
ning with 101, 201, 301, et cetera, just as houses are numbered 100 to 
the block The truck stations were numbered from one to 79, and the 
bridge stations from 80 to 100 In the record the kmd of station and 
its general location, the party operating it, and the supervisor in charge 
are all disclosed at a glance 

These details of master schedule and field organization, while simple 
and plain, must be devised with the rigidity necessary to produce regu­
larity of observation, adequacy of supervision, and speed in filing the 
field reports, checking for possible errors and general supervision At 
the same time, it must be possible to make quick changes if some even­
tuality indicates such to be needed, and the complete control furmshed 
by the master schedule has appeared, since its use was begun, to offer 
such possibility whenever tested 

Another new device which has been introduced, .as traffic surveys 
have become more varied and detailed, is the station summary sheet. 
It was the old practice to file observers' reports as they came m, group­
ing them by stations and companng them with each other to detect 
internal evidences of inaccuracy or carelessness. This was done in the 
head office at Washington Now there is used a summary sheet in the 
field office, on which the complete record for each station is entered as 
the report is received from the field There are rarely in any survey 
more than 12 to 15 parties and this means not more than that many 
reports to check and enter daily Usually it takes less than the time 
of one clerk to do this 

Spreading the record on a ledger or summary sheet in this way at 
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once enables the manager of the survey to check the proper date and 
hour of the observation with respect to the predetermined schedule 
Setting up the successive counts for each station m parallel permits an 
instant comparison and the detection of,any unusual condition of the 
record In this way it is possible to check derelictions on the part of 
the observers qmckly and often to secure correction of records that 
otherwise would be lost 

It IS further possible on these summary sheets to make all daily sum­
mations, and to use the sheets at the conclusion of field work for the 
general summations and averages for each station This represents a 
considerable initial step in the analysis 

In the use of the summary sheets it is to be noted that the work is 
entirely mechanical—one of accurately transcribing a record Ac­
curacy I S absolutely essential in this process Foi, if a false entry is 
made it cannot be detected except by a general repetition of the woi k 
Such a check would void the whole purpose of this device 

Turning attention now to the use of the census studies, we are con­
fronted with details of statistical analysis that are interesting If we 
take fourteen 8-hour observations on a station, which is the number 
permitted by a 27 day cycle, the total sample for the station is approxi­
mately 1 3 per cent of the annual total This small sample can only 
be justified if we are dealing with conditions that have fixed char­
acteristics, with a subject or universe that is homogeneous For 
instance, if every tenth man passing a point on Pennsylvania Avenue, 
Washington, D C , in a single day were carefully measured for height, 
the average of the measurements would be a very close approximation 
of the average height of all male citizens in the United States, although 
the sample would not be greater than eight one hundredths of one per 
cent This is so because the subject is homogeneous In the worst 
cases the extremes are not remote, and large groups fall within very 
narrow limits The actual sport cases are so few, they go into museums 
Similarly with most biological data I t is homogeneous and we can 
arrive soundly at the average size of a mature oak leaf, the average 
number of kernels on an ear of a certam vanety of com, the protein 
content of wheat; et cetera, with some very substantial assurance that 
the averages represent something worth while—an approximate tmth 
so close to the real truth as to be usable for solving related problems 

The percentage of the statistical imiverse that is included in the 
sample is not important as a factor in the accuracy of the estimate. 
It is important, however, that the sample be sufficiently representative 
to make possible an adequate estimate of the mean daily traffic volume 
and samples can be representative only of homogeneous totals If 
the samples be taken at random, oi better than at random, throughout 
the universe, which is usually taken as a year, and if this universe is 
distributed in the form of a normal curve or a distribution more con-
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centrated than the normal curve, then the standard error of the means 
IS equal to or less than the standard deviation of the items in the sample, 
divided by the square root of the number of the items less one 

This law indicates that the larger the number of items m a sample, 
the smaller will be the standard error If the number of items in a 
sample be as few as 14 (as is true of present practice) the standard error 
of the mean would be equal to the standard deviation divided by 3 7; 
but, if the number of samples be as many as 70, the standard error 
would be equal to the standard deviation divided by 8 3. Such a 
larger number of long counts would make the expense prohibitive, 
and it I S , therefore, necessary to reduce the length of the watch The 
possibility I S suggested that the watch might be reduced from 8 hours 
to 30 minutes, or less, in order that the number of watches may be 
increased while the total time required for the survey may be reduced. 
The Bureau is now investigating the effect of this and its practicability 
in field operations 

Now, the very interesting question confronts us in all traffic analysis 
as to whether traffic is certainly so stable and so homogeneous in its 
character as to permit of statistical analysis with any assurance that 
our figures are valid Few of us have ever stopped to consider this in 
the past We have assumed that our traffic census results are probably 
within some 10 per cent correct, which is a satisfactory workmg ap­
proximation of the truth Actually, nothing specific has occurred to 
indicate definite error in past results, and traffic census studies have 
been so scattered and simple in most cases that no indication has been 
given to make us doubt the soundness of traffic statistics honestly taken 
and analyzed according to current methods 

In fact, such tests as we have been able to make have supported our 
position in the rough The check survey conducted by the Bureau 
and the State Highway Department in New Hampshire, after an 
interval of exactly five years, showed results close enough to satisfy 
practical requirements Some studies made by the Port of New York 
Authonty satisfactorily stood the test of extrapolation backward to 
apply to old records Studies of monthly daily average traffic on many 
surveys indicate a decidedly characteristic annual curve—a flattened 
sine curve with the line of the mean producing intersections almost 
always within a spread of two weeks in April-May and October-
November 

In spite of these apparently assuring circumstances we are faced 
with the fact that traffic surveys are becoming more and more detailed, 
the national economy as affected by highway construction and highway 
transport is demanding more and more data, and more exact data, 
analysis is becoming comphcated and lengthy in keeping with the in­
creased and more elaborate field data, and, of course, with it all goes 
a serious increase of cost The net result is a growing advocacy of 
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abbreviated surveys, which will first of all reduce costs and error, and 
as a supplementary advantage reduce the time required to make the 
survey and the analysis of the data 

We cannot refuse to accept the soundness of the advocates of skeleton 
surveys from the point of view they have taken The natural question 
I S , however, as to how such abbreviation will affect the accuracy of our 
studies All we have now with which to compare the analysis of a 
skeletomzed survey is the analysis of another more elaborate survey in 
the same area One result will perhaps differ from the other But 
we cannot tell whether that difference represents an increase or de­
crease in accuracy, nor do we know what the error is in our present 
method, because we are making the fundamental assumption of a homo­
geneous subject of investigation, where m fact we may not have that 
condition in large degree 

If, therefore, we are to continue using elaborate and more elaborate 
traffic data, as is certainly indicated by existing requirements, and if 
we are to reduce the time spent on the surveys below present practice, 
we should institute some investigations that will be helpful in deter­
mining the general approximation under which we are now working 
and the effects of skeletomzing our present methods 

To do this we must have a complete statistical universe to work 
with We could get this by taking a record for 24 hours a day through­
out a year Such an experiment is out of the question, besides, we 
wish to have an answer to this question sooner than such a method will 
permit 

The necessary steps toward a study of the soundness of our present 
methods and an actual determmation of their accuracy are clear The 
determination of the relative accuracy of denved or abbreviated meth­
ods must be the analysis of full records that are now in existence, such 
as those for toll bndges or tunnels, which constitute the necessary 
complete umverse in a statistical sense Against these observed totals 
others computed from any vanety of sampling may be set in compari­
son, and by these means we will be able to determine just how far we 
may advisedly go in changing our present methods The mathematical 
theory of samplmg points toward more but shorter watches with a gain 
in precision and a savmg in expense, together with more prompt results 
Will complete traffic records lend themselves to the analysis of mathe­
matical method? Will the means estimated from a considerable sample 
of short counts prove to be nearer the true mean than those estimated 
from the smaller samples of longer counts now in use' Theory answers 
"Yes " But, we must test our theory by its practical apphcation 
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D I S C U S S I O N 

O N 

T R A F F I C C E N S U S 

M R B U R T O N M A R S H , American Automobile Association I t might be 
interesting to point out results of a limited analysis of this same matter 
made in Philadelphia in 1932 Eight hour traffic counts (7-11 A M 
and 2 30-6 30 P M ) had been made for some 2,000 intersections 
Also at several key stations, some 16 hour and some 24 hour counts 
had been made It was realized that the man power required for keep­
ing such a record up to date, year after year, was quite out of the ques­
tion Therefore, our Traffic Statistician analyzed the records for dif­
ferent 'one and two hour periods and for different types of districts 
He found that there were differences throughout the hours of the day 
dependent upon the type of distnct After many attempts to work 
out satisfactory factors, the study was stopped without a successful 
outcome However, this analysis could not be considered as definite 
proof that satisfactory short-time count factors cannot be developed 
for a city hke Philadelphia, for some of the counts were perhaps not 
accurately made Many of the counts were made by unemployment 
relief workers, and while there was quite close supervision, it was prob­
ably not adequate at some intersections I am confident that the 
analyses were sound, as they were made by a very competent statistician 

This illustration does indicate one of two conclusions (a) There 
are too many variables in a city like Philadelphia to develop satisfactory 
short-time count factors, or (b) The origipal field counts were not 
accurately made (For example, the men ijiay not have shifted their 
tallying at exactly the end of the specified half-hour periods, there may 
have been dishonest tallying, or certain observers may not have been 
able to "keep up" with the vehicular flow, and may have "estimated" 
certain heavy flows) If this is true, it emphasizes the necessity of 
strictly accurate tallying as the basis for determining short-time count 
factors 

D E T E R M I N A T I O N OF T I M E S A V E D B Y V E H I C L E S U S I N G 
T H E N E W J E R S E Y H I G H L E V E L V I A D U C T 

B Y L A W R E N C E S T U T T L E 

Assistant Highway Economist, U S Bureau of Public Roads 

[In Abstract*) 

This paper presents an estimate of the vehicle time saved annually 
by the recently completed viaduct between Newark and Jersey City, 
under present traffic conditions Field studies were made before and 

*This paper was published in full in Public Roads Vol 14, No 12, Febru­
ary, 1934 
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after the opening of the viaduct by the Division of Highway Transport, 
Bureau of Pubhc Roads, in cooperation with the New Jersey State 
Highway Commission 

The viaduct completes the express highway from Ehzabeth to the 
Holland Tunnel, which is one of the most heavily traveled routes m 
the Umted States Traffic congestion on the old ground level route 
often reached serious proportions due to frequent opemng of draw 
bridges and traffic at numerous intersections Traffic counts indicated 

D A I L Y T R A F F I C B E F O R E O P E N I N G OF V I A D U C T ( O L D R O U T E ) — A T H A C K E N S A C K 
R I V E R B R I D G E 

Passenger 
cara 

Light 
trucks 

Heavy 
trucks Total 

Week dayo 
Saturdays 
Sundays and holidays 

28,970 
35,710 
47,070 

3,780 
2 ,385 
1,377 

4 ,650 
2 ,705 

853 

37,400 
40,800 
49,300 

D A I L I T R A F F I C A F T E R O P E N I N G OF VIADUCT (OLD R O U T E ) 

Passenger 
cars 

Light 
trucks 

Heavy 
trucks Total 

At Hackensack River Bridge 

Week days 
Saturdays 
Sundays and holidays 

11,290 
13,830 
9,940 

1,976 
1,176 

352 

3 ,334 
1,994 

308 

16,660 
17,000 
10,600 

Traffic diverted to the viaduct 

Week days 
Saturdays 
Sundays and holidays 

17,680 
21,880 
37,130 

1,804 
1,209 
1,025 

1,316 
711 
545 

20,800 
23,800 
38,700 

SUMMARY OP V E H I C L E - M I N U T E S SAVED P E R Y E A R 

MiDimum estimate Maximum estimate 

Passenger cars 
Light trucks 
Heavy trucks 

47,407,000 
3,521,000 
3,744,000 

57,445,000 
4,833,000 
3 ,827,000 

Total 54,672,000 66,105,000 

a total yearly traffic during 1932 at the Hackensack River bridge of 
14,600,000 vehicles, with an average week-day traffic of 37,000 vehicles 
and average Sunday traffic of 50,000 vehicles 

The trip time for vehicles on both the old and new routes was ob­
tained by hsting the vehicle license numbers at both ends of the route 
together vath the time of passage to the nearest minute Vehicles 
were classified as passenger cars, light and heavy trucks, light trucks 
being 21 tons or less capacity 
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The viaduct cost $19,300,000 Capitalizing this amount at six per 
cent would require the annual savings to be $1,158,000 This would 
place a value of 1 75 to 2 12 cents on each vehicle-minute saved It is 
emphasized, however, that these estimates do not include all sa^angs 
which may be credited to the viaduct There is a saving in travel 
distance and also an additional volume of traffic which previously 
avoided the old route on account of the congestion Traffic is expected 
to increase to a greater amount than the old route could have served 

In discussion, Mr F L A V I S , Consulting Engineer, New York said 
I think the value of these economic studies and their effect on the 

design cannot be too strongly emphasized and it seems advisable to 
further stress the fact that such studies have two distinct phases 

First, the phase which governs the design of the route, that is, studies 
of the effect of the route, its length, freedom from delays, rise and fall, 
curvature, etc, on the operation of the vehicles which use it 

Second, the phase which governs the design of the structure which 
carries the route 

These two studies, while in a certain sense entirely separate and dis­
tinct, are in many other ways interdependent and must necessarily be 
considered together 

The second of these two phases has been ably treated in a paper' 
by Mr S. S Johannesson recently presented to the American Society 
of C m l Engmeers The first was set forth in my own paper* presented 
to the same Society some three years ago 

It is the first of these two phases to which Mi Tuttle calls attention 
in his reference to the economic problems which controlled the design 
of the route He has, however, confined his present studies to only 
one section of the project, that from mile 1 4 to mile 4 7, out of a total 
route length of about 13 miles and, further, these studies have been 
confined only to the economic value of time savings and do not take 
into account, except by passmg reference, the not inconsiderable eco­
nomic gain due to the savings m distance and other factors 

Even on this particular section of 3 3 miles the saving in distance is 
some 4,000 ft which, from the character of traffic using this highway, 
indicates (see my paper above referred to) a justifiable expenditure of 
some $25,000,000 to $30,000,000 or considerably more than its actual 
total cost 

Mr Tuttle is careful to point out that there are these other factors 
but I thmk there is some danger that his conclusion, "that in order to 
justify the construction of the Viaduct a vehicle minute must be 

» Lincoln Highway, Jersey City to Elizabeth, N J Proc A S C E Nov 1933, 
p 1389 

' Highways as Elements in Transportation F Lavis, Transactions A S C E 
Vol 95 (1931), p 1020 
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valued at 2 12 cents or 1 75 cents" may be lifted from its context, 
quoted elsewhere, and be thus misunderstood It may, I fear, convey 
the inference that this structure or this project had not suflScient eco­
nomic justification in as much as these values are too high 

I think that further attention might well be called to the fact, which 
IS also parenthetically mentioned by Mr Tuttle, that economic justi­
fication of any route of this kind should be based on reasonable antici­
pations of traffic, or traffic capacity, and not necessanly on the traffic 
which may actually use it during the fiirst few years after it is placed m 
service 

It would seem also that certain highway engineers have not yet en­
tirely realized the fact that it is the capitahzed value of the annual 
savings which determines the justifiable expenditure 

It IS impoitant also to bear in mind other characteristics of this whole 
13 mile route which are not apparent on the Viaduct section I lefer 
particulaily to the relief of congestion in the streets of the business, 
manufacturing and residential sections of Jersey City, Newark and 
Elizabeth 

In addition to the savings in costs of operation of vehicles actually 
using this route because of savings in time, distance, etc , which alone 
would have justified its cost, there is the vast relief and savings to the 
vehicles, merchants, manufacturers, industrialists and residents of these 
cities by taking this large volume of traffic off the streets which they 
reqmre for use in their businesses and daily avocations 

It IS almost impossible to estimate the money value of savings of this 
nature but my own opinion is that this also, by itself, would have 
justified the construction of this $40,000,000 project 

Unthinking people have protested against the expenditure of this 
large sum of money by the State of New Jersey to help, as it has been 
stated, a lot of cars not registered in that State The cities of Jersey 
City, Newark and Elizabeth are, however, large taxpayers and furnish 
a not inconsiderable part of the State revenue both on the basis of 
assessed values of real property and in contnbutions of motor vehicle 
and gasoline taxes, and they were entitled to this relief from the almost 
intolerable burden imposed on their streets by this through traffic 
The construction of this route is a lasting and very substantial benefit 
to them as well as to the actual users of the new route 

M R S JOHANNESSON, New Jersey Highway Commission, said 
There is no doubt that the results obtained give a true picture of the 

traffic conditions at the time the study was made, but owing to the 
effects of the present business depression, it is not believed that the 
results will represent the condition that will exist when we return to 
normal times 

The records of the bridge opemngs made duiing the period that the 
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traffic studies recorded in tlie paper were made, indicate tliat their 
number is only about 50 pei cent of that wfuch might have been ex­
pected in accordance with the trend shown for several previous years, 
and the recoids of the traffic volume on the highway indicate that this 
also was matenally less than that which might have been expected in 
normal times 

In order to get a proper picture of the economics connected with 
vehicle operation over the new high level viaduct as compared with 
travel over the old highway, it is necessary to make use of figures which 
will apply in normal times. When business conditions do improve, it 
is probable that the river traffic will be matenally increased, resulting 
in an increase in the number of times that the highway traffic has to 
be stopped This has an important bearing, because when the high­
way traffic is heavy, the total time lost is not proportional to the time 
the bridges are closed to vehicle traffic, but more nearly to the square 
thereof 

It is possible to show that even at the present times, the amount 
saved in cost of vehicle operation by the vehicles passing over the new 
viaduct represents an interest on the capital invested of more than 
six per cent, but the actual savings will far exceed this amount when 
normal conditions return 

The fact is that the new viaduct was built to relieve the traffic con­
gestion that had developed on the old Lincoln Highway, a congestion 
that was becoming so serious that much transportation was diverted 
from this highway on account of the delays suffered The construction 
of the new viaduct is a means of saving the increase in transportation 
cost on this account and this saving should properly be credited to its 
account 

M R B U R T O N W M A R S H , Traffic Engineer, American Automobile 
Association, Washington, D C , said 
It seems to me that it would be of great interest to know three things 

about the 50 foot roadway on the viaduct 1 How much use is being 
made of the middle lane' As I understand it, there are five 10 foot 
lanes 2 How many accidents have resulted thereby' As I under­
stand it, this is a high speed viaduct 3 Is it considered by those 
present and other highway officials that a five lane width, meaning 
necessarily a third lane to be used only for passing or in one direction 
only, IS a desirable arrangement for high speed arteries of that type 
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A P P L I C A T I O N O F E Q U A T I O N F O R A N N U A L R O A D COSTS 
B Y SIOVALD JOHANNESSON 

Designing Engineer, New Jersey Highway Commission 
SYNOPSIS 

The equation for annual road cost proposed in the Ninth Pro­
ceedings of the Highway Research Board is simplified by replacing 
the factors 

(1 + r)" - r (1 + r)"' - 1 
etc 

by L, k' etc , which are constants depending on the length of life (n) 
of the item in question and on the rate of interest (r) Considering 
that within the probable limits of the value of r there are no serious 
differences m the value of k for a given value of n, and eliminating 
values of n less than 10 and greater than 20 he reduces the general 
equation to 

C = -I- J? + 0 085^,0 + 0 052^,5 + 0 OSSfi,, 

in which £io represents the estimated replacement cost of such items 
as have an expected life of from 10 to 14 years, £15 from 15 to 19 years 
and Eii, from 20 to 30 years 

In considering construction costs the interesting conception is 
offered that since highways were originally built as means of com­
munication and in later years have also become means of transpor­
tation in some cases the costs incident to the two purposes should be 
separately considered 

E Q U A T I O N FOR ANNUAL BOAD COST 

In the report of the Committee on Highway Transportation Costs 
of the Highway Research Board for 1929,' the average annual road cost is 
expressed by the equation 

c = '(^ + 7 + ( i + f)'. - i + (i + '̂'" - 1 + ) 
where 

C = average armual road cost 
A = cost to construct 
B = yearly maintenance cost (every year) 
E = (or E') = expenditure for penodic maintenance every 

n (or n') years (Replacement is an "E" value ) 
r = the rate of interest prevailing in current state financing 

This equation may be simplified m the following manner 
Let 

^ = (1 + 0 - - 1 ' ^' = + -v ' 
then equation (1) may be written 

C = AT, + B ^kE + k'E' + (2) 

' Ninth Proceedings Highway Research Board, page 360 
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m which k, k' etc are constants depending on the length of life, n,of 
the item of highway construction m question and on the i ate of interest, 
r When these two values are estimated or known, the correspondmg 
value of k may be found in Table I 

For general purposes equation (2) may be simplified as follows 
Considering the figures in Table I it is apparent that within the 

probable limits of the values of r there are no senous differences m the 
values of A; for a given value of n It is possible, therefore, without 
matenal error to substitute Table I I for Table I 

T A B L E I 

V A L U E S OF A; FOB V A R I O U S V A L U E S OF n AND r 

r in per cent 

2S 3 36 4 45 S 5S 6 

5 0 1903 0 1883 0 1865 0 1846 0 1828 0 1810 0 1792 0 1774 
10 0 0893 0 0872 0 0852 0 0833 0 0814 0 0795 0 0777 0 0759 
15 0 0558 0 0538 0 0518 0 0499 0 0481 0 0463 0 0446 0 0430 
20 0 0391 0 0372 0 0354 0 0336 0 0319 0 0302 0 0287 0 0273 
25 0 0293 0 0274 0 0257 0 0240 0 0224 0 0210 0 0195 0 0182 
30 0 0228 0 0210 0 0194 0 0178 0 0164 0 0151 0 0138 0 0126 
40 0 0148 0 0133 0 0118 0 0105 0 0093 0 0083 0 0073 0 0065 
50 0 0103 0 0089 0 0076 0 0066 0 0056 0 0048 0 0041 0 0034 
60 0 0074 0 0059 0 0051 0 0042 0 0035 0 0028 0 0023 0 0019 
80 0 0040 0 0031 0 0024 0 0018 0 0014 0 0010 0 0008 0 0006 

100 0 0023 0 0016 0 0012 0 0008 0 0006 0 0004 0 0003 0 0002 

T A B L E I I 

APPROXIMATE V A L U E S OP k FOR V A R I O U S V A L U E S OF n 

n L n k 

5 0 185 40 0 012 
10 0 085 50 0 007 
15 0 052 60 0 005 
20 0 035 80 0 002 
25 0 025 100 0 001 
30 0 019 

It I S not likely, however, that any item of work with an expected 
life of less than 10 years will be placed in the permanent highway struc­
ture, and consequently the value of fc for n = 5 may be omitted 
Further, the values of k for n greater than 20 may be omitted, because 
first, it is scarcely possible to predict that the life of a certain item will 
be 20, 25 or 30 years, and it is better, keeping in mind the purpose for 
which the equation is to be used, to select the lowest and most con­
servative figure, and second, if the expected life is more than, say, 
30 years, the value of k is so small that no material error is committed 
in omitting all items having an expected life of more than 30 years 
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For general purposes, therefore, equation (2) may be wntten 

C = Ar + B + 0 085£io + 0 052En + 0 035^20 (3) 

m which Eio represents the estimated replacement cost of such items 
as have an expected life of from 10 to 14 years, E^ the replacement 
cost of items having an expected life of from 15 to 19 years, and E20 
the replacement cost of items having an expected life of from 20 to 
30 years 

Equation (3) may be used under all ordinary circumstances If, 
however, m specific cases the interest rate may have an exceptional 
value, or if construction items of relatively high cost may be estimated 
to have an unusually long life, it is proper to refer to Equation (2) in 
conjunction with Table I 

COST OF CONSTRUCTION 

(a) If the equation for annual road cost is used in connection with 
the study of the economics of a projected highway improvement, the 
symbol A in the equation represents the estimated cost of construction 
of the improvement It does riot include any previous expenditures 
on the highway 

The estimated cost of construction of the improvement will include 
the cost of additional right-of-way, if such is requiied to carry out the 
improvement It will include also cost of damages on account of the 
improvement, for which pajanents may have to be made It will 
further include the estimated cost of actual construction work contem­
plated together with engmeermg and legal expenses 

For a complete economic study there are other items, which should 
be included under the heading "Cost of Construction," such as General 
Office Expenses, Interest during Construction etc , but in many cases 
the value of these items may be quite uncertain or difficult to obtain 
The simplest way of including these items, therefore, may be to add 
to the total estimated cost of construction an amount of from 5 to 
10 per cent of this total The possible error incurred will be immaterial 

(b) If the equation for annual road costs is used for evaluating a 
highway in a study of proper taxation of motor vehicles, cost of previous 
construction work should be taken into account I t is the opinion of 
the writer, however, that only cost of improvements, which were made 
at or subsequent to the time, when improvements were made for trans­
portation purposes, should be considered This opinion is based on 
the following reasoning 

There are two reasons for constructing highways One is to provide 
a means of communication and the other to provide a means of trans­
portation Until comparatively recently the commumcation purpose 
was overwhelmingly predominant on all highways It is still pre-
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dominant on some secondai-y roads, but on primary roads the transpor­
tation puipose is now of the gi eater importance 

At the time a highway was constructed for communication purposes, 
there was undoubtedly little or no thought of it becoming eventually 
of material importance as a means of transportation Its social and 
economic value as a means of communication, therefore, must have 
been of sufficient importance to warrant the cost of its construction 
and maintenance from the time it was onginally built to the time when 
it became important as a means of transportation The Appian Way 
was constructed for military and administrative reasons and not for 
transportation as we now understand this term The Boston Post 
Road was constructed onginally as a hne of communication between 
New York and New England, as implied by its name Other roads 
were built originally to serve as a means of communication and access 
to land and settlements adjacent to them In fact, it is almost certain 
that the value of all such roads as a means of commumcation remains, 
even though they may now also be used as means of transportation 

It appears, therefore, that it is unnecessary, and perhaps even im­
proper, when determining the cost of a highway for the purpose of 
vehicle taxation, to include in the cost determination the cost of any 
right-of-way, grading, structures and other items, which were provided 
prior to the time that the highway changed in character from a means 
of communication to a means of transportation These items were 
socially and economically justified to provide a means of communica­
tion and should not be charged to transportation 

(c) If, on the other hand, the equation for annual road costs is 
used for valuation of the highway as a whole, it is necessary to include 
all the items of right-of-way and permanent construction in the manner 
indicated in the report of 1930. 

ANNUAL COST O F MAINTENANCE 

In equation (2) or (3), the term B represents the annual cost of 
maintenance This item includes all repairs made on the various parts 
of the highway structure in order to retain it as nearly as practicable 
in the condition it was m at the time the construction was just com­
pleted It includes also the annual expenditures for such items as 
lighting, attendants at tunnels or movable badges, operating cost of 
machinery and equipment of tunnels or movable bndges It may in­
clude further the cost of street cleaning and snow removal The item, 
however, does not include additional surfacing for the purpose of widen­
ing the paved roadway, additional drainage facilities or other similar 
work, because such work is a new and additional improvement 

Presuming that the maintenance is such as to keep the highway 
structure in good condition at all times, the maintenance cost will 
depend on the length, width and type of pavement, the volume of 
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traffic, the climate, the geographical location and many other conditions 
The cost of maintenance probably will vary with the age of the surface, 
but for convenience of computation, the average annual cost may be 
used 

The maintenance cost is an important item in the annual cost of the 
highway and deserves careful study A highway department making a 
study of the economic justification of a highway improvement usually 
will have records of previous work on which an estimate of the cost of 
maintenance may be based, unless the improvement contemplates types 
of construction items not previously used by that department To take 
care of this condition, which may frequently occur, it would be of ma­
terial value to coUect, classify and publish records of the cost of main­
tenance of all highway departments and other similar bodies, if such 
records are available for this purpose 

PERIODIC MAINTENANCE ( R E P L A C E M E N T S ) 

The replacement items E, which may enter the equation for annual 
road cost may be determined by considering all the \arious construc­
tion items of the highway These items may be enumerated as follows-

a Right-of-Way 
b Grading 
c Shoulders, Curbs, Sidewalks 
d Surfacmg 
e Dramage 
f Culverts 
g Guard Rails and Signs 
h Lighting 
1 Bridges 
] Tunnels 

k Landscaping 
Each of these items will be considered separately 
(a) Right-of-Way The right-of-way is permanent Additional 

right-of-way may be acquired in the future to take care of traffic con­
ditions that may develop, but this will mvolve a new improvement, 
which I S not within the scope of the improvement considered Right-
of-Way, therefore, is not a replacement item 

(b) Grading Grading is permanent It is probable that the ele­
ments will continuously deteriorate the grading work, but the repairs 
necessary on this account will come under the heading Mamtenance 
It I S possible also, that from tune to tune changes will be made in the 
gradmg to take care of new traffic conditions, but that again will in­
volve a new highway improvement, outside of the scope of the unprove-
ment considered Grading, therefore, is not a replacement item 

(c) Shoulders, Curbs and Sidewalks Unpaved shoulders may be 
considered permanent with proper mamtenance If at a later tune 
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they are paved to take care of new traffic conditions, this will be a new 
improvement, not within the scope of the improvement considered 
Unpaved shoulders, therefore, are not a replacement item Paved 
shoulders will deteriorate m time and may have to be rebuilt Paved 
shoulders, therefore, is a replacement item for which the lifetime must 
be estimated The same applies to curbs and paved sidewalks 

(d) Surfacing Almost any kind of surfacing will wear out in time 
-this, therefore, is a replacement item for which the hfetune must be 
estmiated To facilitate this estimate it would be of material assistance 
to collect, classify and publish records of the actual lifetime of various 
types of surfaces under various traffic, clunatic and geographical 
conditions 

(e) Drainage The drainage system of a highway, including ditches, 
pipes, mlets, manholes, etc , may usually be considered permanent 
Damaged sections of pipe, broken grates etc , can be taken care of under 
the heading Maintenance If the drainage system for any reason 
should be found inadequate, or should fail in part on account of heavier 
loads being carried on the highway than originally contemplated, the 
reconstruction cost of such work should be charged to a new improve­
ment and not to periodic mamtenance Drainage, therefore, is not a 
replacement item 

(J) Culverts Usually culverts may be considered permanent In 
special cases, where either the material used or the soil conditions may 
limit their life, they may be considered as a replacement item, for which 
the lifetime must be estimated 

(g) Guard Rails and Signs As guard rails and signs will deteriorate, 
they must be considered as replacement items, for which the hfetune 
IS to be estunated New or additional guard rails or signs, or changes 
made on account of subsequent developments should not be considered 
here, as they are actually new improvements, but for convenience, it 
may be proper to consider them as maintenance items 

(h) Lighting I t is probable that m most cases the cost of lighting 
highways, if any, is an annual charge, which may be included under the 
headmg Maintenance If otherwise, it wdl be necessary to classify 
Lightmg as a replacement item and estimate the lifetime of wires, 
cables, poles, fixtures, etc , entering into the system 

(i) Bridges Some bridges, such as wooden trestles, have a limited 
life and are, therefore, a replacement item Other bridges, such as 
steel and concrete structures, should last indefinitely, as far as the main 
structure is concerned, if properly maintained The roadway and side­
walk surfaces, of course, are replacement items, and the railings and 
other mmor items of the bridge also may have a lunited life, which has 
to be estimated The same applies to the machinery and equipment 
of movable bridges Bridges which have to be rebuilt on account of 
obsolescence, such as those which may have to be reinforced because 
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of greater loads than originally contemplated, or which may have to 
be widened on account of increased traffic, are not to be included under 
the replacement items, because their reconstruction involves additional 
improvements 

( j ) Tunnels Where tunnels occur m highway construction, they may 
be considered permenent, if built as permanent structures If a wooden 
lining IS used, this will have to be replaced in tune, and the wooden 
Iming, therefore, must be considered as a replacement item, for which 
the lifetime must be estimated. The same apphes to the roadway 
surface, to pumpmg, lightmg and ventilatmg machinery and equip­
ment and possibly also to other minor items of the tunnel 

(fc) Landscaping This item includes such matters as covering slopes 
with grass, planting trees along the highway and other sunilar work 
done for the purpose of securing and beautifying the highway Work 
of this character should be considered permanent and not as a replace­
ment item Repairs, replacements and renewals are properly to be 
considered under the heading of Maintenance 

Summarizing, the replacement items may be listed as follows 
Paved shoulders, curbs and sidewalks 
Roadway surfaces 
Culverts under special conditions 
Guard rails and signs 
Lighting system under certain circumstances 
Bndges, certain items only 
Tunnels, certain items only 

It IS apparent from this list that under ordinary circumstances paved 
surfaces are the most unportant replacement items, and that, except 
under special circumstances, all other replacement items may be omitted 
without matenal error I t is advisable, however, in preparing an 
estimate of this kind, to consider all the items of the list to ascertain 
whether or not any of the other items may be of sufficient importance 
to warrant inclusion m the estunate 

H A T E O F I N T E R E S T 

Equation (1) contains the term r, which has been defined as the rate 
of interest prevailing in current state financmg Theoretically, this 
may not be entirely correct, because it may be a question whether it 
IS proper to use the same interest rate for the money expended on the 
construction work and for the money set aside for the replacement 
work The interest rate used for the money spent on construction work 
may properly be considered as the interest rate prevailing m current 
state financing, but the interest rate of money set aside to provide a 
replacement fund may be different, due to legal or other limitations 

Actually, however, this condition does not exist, because it is im­
probable that any highway board sets aside a sum of money at the time 
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of construction of a certam highway, the proceeds of which are to be 
applied to future replacement Usually the money required for such 
replacements is derived from the current funds of the highway board 
The lunitations that may exist on the interest rate of money invested 
by the highway board for future use, therefore, are not exercised, and 
it appears proper under the circumstances to apply the same interest 
rate to the replacement work as that used for the primary construction 
work 

D I S C U S S I O N 

ON 

E Q U A T I O N F O R A N N U A L R O A D COSTS 

P R O F W W H I T C H C O C K , Michigan State College- I would like to 
call your attention to the mention which Mr Johannesson has made of 
the effect of omitting the reproduction cost of items which are estunated 
as having life of thirty years or more 

By a study of Table I , it will be observed that there is a definite 
relation between interest rate and the value of the Constant, "k" for 
any fixed tune period ^ 

The annual interest charge agamst any portion of the highway in­
vestment IS an important item in the computation of the annual cost 
of a highway The annual deposit to reproduce this same portion of 
the highway then bears the same relation to the interest charge as the 
value of "k" bears to the interest rate To illustrate. Assume an 
interest rate of four per cent and the life of the improvement as 30 
years If replacement cost is omitted the difference or decrease in the 
computed annual cost is to the interest charge as the value of "A;" is 
+o the interest rate or equal to 44 5 per cent of the annual interest 
charge on the same investment 

By making use of this sunple relation one may determine what effect 
the omission of the replacement charge will have on any highway in 
question 

Mr. W R CoLLiNGs, Dow Chemical Company: In most of these 
discussions of the economics of highways and of annual road costs, there 
is no provision made for payment of the initial investment Should 
there not be an item included to retire the bonds in a period of say 
15 years? 

P R O F R L M O R R I S O N , University of Michigan The item to retire 
the bonds is included in the term, or terms, covering depreciation In 
all of the formulae for annual road cost the three items of interest, 
depreciation and maintenance occur m one form or another In order 
to make actual payments conform to the theoretical annual cost, the 
construction must be financed by means of bonds 
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In the case of Mr Johannesson's formula the term "Ar" would be 
the annual interest payment on the bonds, "B" would be the actual 
annual maintenance cost, and the sum of the terms "kE + K'E' +" 
etc would be the annual deposit in the sinking fund 

Of course no results obtained by the use of a formula can be any more 
accurate than the basic data used in the computations In the case 
under discussion we must assume the interest rate, the annual mam­
tenance cost, and the economic life of each part of the highway, all of 
which are subject to considerable variation 

Considering the difficulty of an accurate determination of these 
factors, it has seemed to me that, for practical purposes, the simple 
formula C = D + I + M, m which "D" is annual depreciation, "I" 
IS annual interest, and "M" is annual mamtenance cost, is about as 
satisfactory as the more elaborate formulae Also I see little use m 
trymg to foresee the future beyond the estimated life of the original 
road surface Therefore I would first estunate the residual value of 
all parts of the highway at the end of the period covered by the esti­
mated life of the surface Subtractmg that value from the total original 
cost would give the total depreciation durmg the period under con­
sideration That sum divided by the estunated hfe of the surface 
would give the annual depreciation, "D." Addmg the mterest on the 
ongmal mvestment to the mterest on the residual value, as computed 
above, and dividmg this sum by 2, would give (approximately) the 
iverage annual interest " / " The average annual mamtenance cost, 
'M," would merely be estimated as accurately as possible 

To make actual payments correspond with the theoretical costs, as 
determined by this formula, it would only be necessary to finance the 
unprovement by means of senal bonds, havmg an amount equal to the 
depreciation during the life of the surface mature durmg that period 
The bonds retired each year, then, would be just equal to the theoretical 
annual depreciation, "D," and the average mterest payment, over the 
entue Me of the surface, would be approximately equal to " /" m the 
formula 

I believe it is generally agreed that, to determine the economic 
soundness of a proposed improvement, interest must be charged agamst 
it even if no interest is actually paid 

D E A N ANSON M A R S T O N , Iowa State College I cannot help thinkmg 
that when we get studying these thmgs from the standpoint of main-
tammg a depreciation reserve, just equal to the actual depreciation of 
the roads, a lot of these questions will clear themselves up We do 
not m ordmary practice consider that the cost times the interest is a 
part of the annual cost of production The mterest is really a part of 
the net return on the investment In the case of highways the net re­
turn, of which the mterest is part, comes to us in the form of equitable 
charges for road services 
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In the case of an ordmary utdity it is necessary for the utility to 
make an annual depreciation appropnation out of income to make good 
the depreciation each year, but they do not set it aside in a sinking 
fund the way this question assumes They remvest it, and that is 
what we are doing with our highways out of current road funds We 
are making replacements and improvements on old roads and are build­
ing new roads, all of which constitute investments of the sums which 
we collect over and above the cost of maintaining the roads 

A N A L Y S I S O F R O A D COST ON T H E S T A T E H I G H W A Y S O F 
W O R C E S T E R C O U N T Y , M A S S A C H U S E T T S 

B Y C B B R E E D 

Professor of Railway and Highway Transportation, Massachusetts Institute of 
Technology 

SYNOPSIS 

The report presents the methods used in analyzing road costs 
on the state highways of Worcester County, Massachusetts The 
complete analysis will include about 300 miles of state highways, 
which in their physical layout and traffic densities constitute a 
traffic pattern, such as has been suggested by the author as a unit 
for studying road costs 

Complete data are included for one typical continuous route, com­
prising 27 miles of state highway in 23 sections of different surface 
type, width or condition, and with traffic densities ranging between 
870,000 and 3,700,000 vehicles per year Three tabulations have 
been prepared, the first giving descriptions of surfaces and annual 
maintenance costs, the second giving construction history and com­
putation of capital costs, and the third summarizing the above 
and showing computation of annual road costs by an approximate 
method, and in comparison the annual contributions paid in state 
taxes by vehicles using the different sections 

Previous reports of the Committee on Highway Transportation 
Economics have presented analyses of road cost for a 6-mile section of 
the Boston Post Road in Connecticut and a 26-mile stretch of the Des 
Moines-Ames road, Iowa (1930), and for the Concord-Harvard and the 
Tyngsboro roads (about 7 miles and 3 miles long, respectively) in 
Massachusetts (1932) Those studies related to isolated portions of 
roads havmg different traffic densities They were not intended to 
develop road costs for general use, their purpose was to develop the 
apphcation of the fundamental prmciples set forth in the report of the 
Committee in 1929 

The current study comprises the State System in Worcester County 
in Massachusetts because it constitutes a traffic pattern centering 
in the City of Worcester which has a population of 195,300 (See 
Figure 1 ) A statewide study could be readily developed by mvestigat-
ing the remaining county highway systems and assembling them Much 
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the same problems would be encountered in studying one county as in 
studying an entire state The State System of Massachusetts is es­
pecially suitable for such studies because construction and mamtenance 
costs have been kept since 1895 and traffic counts made since 1909 

Worcester County was chosen because it comprises the center portion 
of the state and represents a fair average of Massachusetts conditions 
both with respect to topography and traffic density Furthermore, 
most types of pavement are represented in this study, they vary from 
waterbound macadam 15 feet wide and 35 years old to cement concrete 
60 feet wide and 2 years old Traffic densities on the state highways of 
this county vary from 1000 to 10,000 vehicles per average day 

N E W H A M P S H I R E 

ItmttAf 

Worcester n 

Boston 

/ s t a t e Highway Sectloos 
\ Connecting Roada 

C O N N E C T I C U T | ~ R H O D E 15UAN0 " ' j S „ l e of Miles 

Figure 1 State Highways in Worcester County, Massachusetts 

The City of Worcester is the center of a traffic pattern from which 
roads of heavy traffic density radiate, dunmishing in density toward 
the county boundaries to the east, south and west where they join 
other patterns To the north there are mmor patterns within the 
county, centering about Fitchburg and Gardner Worcester County 
has about 4300 miles of rural road of which 319 miles are state highways 
The portions of these routes lymg withm the business sections of towns 
and cities are usually not mcluded in the State System and were there­
fore omitted from this study Route markmgs are of necessity con­
tinuous, includmg alternate sections of state and town road as indicated 
in road descriptions in Table I 

An analysis of road cost on these town or city sections would be diffi­
cult to make, because it would be necessary to examine the records of 
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each town or city involved In some cases reliable cost data would 
not be available, and in other cases the methods of accountmg would 
vary so much between towns that costs would not be comparable 
There are, however, many miles of state-aid roads in Massachusetts 
for which cost records are available, these town roads are built by the 
state, but are financed partly by the state and partly by the town or 
county concerned In many states these state-aid roads would be a 
part of the state highway system, but in Massachusetts they remain 
town roads and are therefore not included in this study By luniting 
this study to state highways only, the scope of the study has been 
limited, with few exceptions, to heavily traveled roads, because m 
Massachusetts the state highway system includes only 10 per cent of 
the total rural mileage, upon which the heaviest rural traffic is 
concentrated. 

DESCRIPTION OF ROADS ANALYZED 

The state highway system of Massachusetts has been built up section 
by section over a period of 37 years and is therefore made up of great 
diversity of kinds and ages of pavements Withm a given mile of road 
there are often several types of pavement While this diversity of pave­
ments makes a study of road cost more lengthy than would be the case 
if, as in many states, long sections had been built at one tune, yet it 
also offers an opportunity to compare several types of pavement under 
nearly identical traffic conditions 

In this report a complete analysis is presented for only one typical 
route within the Worcester pattern Other routes may show different 
costs, but the method of analysis will be the same The typical route 
which has been chosen is State Highway Route No 12, which is de­
scribed in Table I , columns (1) to (18) The surfaces are arranged m 
consecutive order from Leominster at the north to the Connecticut 
Lme at Dudley to the south Nearly every kmd of pavement used on 
Massachusetts state highways exists on this route. The portions of 
town or city roads are indicated m Table I where they connect sections 
of state highway The descriptions of pavement details were obtained 
from the state maintenance files and are complete only for the more 
recent pavements The descriptions of old pavements which are miss­
ing from Table I could have been filled m from project plans or con­
struction records As these descriptions were "^considered relatively 
unimportant, the necessary time was not taken for this work 

The data are arranged accordmg to two route numbermg systems as 
indicated m columns' (1) and (2) The "Auto Route No ," column 
(1), refers to the number with which route is marked out on the road, 
the "Mamtenance Route No ," column (2), gives the number used by the 
Maintenance Engineer in keeping cost and descriptive data The auto 
route may change from year to year, and in many places the same road 
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may have two or more auto route numbers But the Mamtenance 
Route Numbers usually remam unchanged from year to year, and there 
are no duplications For convenience road cost data were assembled 
by Maintenance Routes, but the equivalent auto route numbers are 
given to identify the routes as known locally or as shown on road maps 
Throughout this report the route shown in Table I will be referred to as 
State Highway Route 12, because this is the number by which i t is 
best known 

M A I N T E N A N C E COST DATA 

Surface and Rtght-of-Way Maintenance costs shown m columns (19) 
and (20), Table I , are in most cases the average costs for years 1928-
32, mclusive For roads less than five years old, an average of the 
maintenance costs was taken for the number of years available, and 
for new pavements where no records were available the annual main­
tenance cost was estunated based on records of other sundar pavements 
Average costs over five years were used rather than actual costs for a 
single year, because surface maintenance costs often vary from year to 
year particularly for a road requiring a seal coat every two or three 
years 

Costs were taken directly from the maintenance records of the Third 
Distnct, which includes all of Worcester County These records 
separate maintenance costs as follows. 

Surface Repairs 
Surface Treatment 
Roadbed 
Drainage 
Right-of-Way 
Traffic Markings 
Trees 

Of the above classification "surface repairs" and "surface treatment" 
have been combined in column (19), Table I , and called "surface," 
and all the other items have been combined in column (20), Table I , 
and called "right-of-way " 

In Massachusetts, surface items mclude only work done on the paved 
portion of the road Repairs to shoulders and ditches are included 
in "roadbed " This may explam why surface costs in Massachusetts 
are low and right-of-way costs are high in comparison with other states 

Surface costs are segregated by types as indicated by section numbers 
in column (4), Table I Right-of-way costs are not separated by types 
of pavement, but by township boundaries Hence, for the state high­
way portions of any route lymg within a certain town there will be only 
one cost figure available for right-of-way maintenance, but there may 
be several cost figures available for surface maintenance depending upon 
the number of pavement sections in that town Wherever right-of-way 
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costs were found separated between sections in the same town, advan­
tage was taken of the separation, and the right-of-way maintenance 
will not necessarily always be the same within each town 

Marking of traffic lanes belongs strictly m operating maintenance 
This work is done, however, by the ordmary mamtenance crew and 
I S not charged to the account of the Traffic Engmeer and his staff For 
this reason, and also to avoid the work of separatmg this item for every 
section, it was included with right-of-way mamtenance 

O P E R A T I N G M A I N T E N A N C E 

Snow Removal costs were obtamed by averaging the costs for the two 
winters 1930-31 and 1931-32 The average snowfall for these two 
years was nearly the same as the average over many years, and there­
fore the average cost for these two years was considered as representative 
of a typical year 

Snow removal costs were obtained from District Engineer's reports 
which segregate costs by auto routes, and also for each town through 
which the route passes No separation is made in original records 
between sections of different type or width of pavement In order to 
take mto account the different widths of pavement between town 
boundaries on the same route, the average cost of snow removal per 
mile for the entire length of route ploughed within the town was allocated 
to the several sections in proportion to their width The costs thus 
obtamed are shown m column (21) Table I 

Registration Expense The expenses of operating the registry of 
motor vehicles in 1932 amounted to $1,508,236, which has been allocated 
to each mile of road in the ratio of vehicle miles traveled on that road 
to \ehicle miles traveled in the entire state, mcluding all rural roads 
and city streets The latter was estimated at 6,700,000,000 vehicle 
miles, based on a total gasoline consumption for all classes of vehicles 
of 560,194,000 gallons in 1932, at an average rate of one gallon con­
sumed for every 12 miles of travel 

This method of distribution spreads the registration costs over all 
roads, state, local, and city, m proportion to their use by motor vehicles, 
and results in much higher charges per mile to heavily traveled roads 
than to the lighter traveled roads The registry charges made against 
road sections on Route 12 are shown in Table I , Column 22 

The method of distributing the registration expense back to the roads 
was given considerable thought Two other methods were considered 
and abandoned as less logical than that adopted The abandoned 
methods were 

(1) Deduct registration expense from registration and hcense fee 
receipts and then allocate what is left This method was abandoned 
because it leaves out of consideration an unportant annual cost which 
is paid out of the motor vehicles tax contributions If a complete 
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picture is to be gained of the relation between highway income on the 
one hand and annual road cost on the other, all items of expense should 
be mcluded 

(2) Consider the registration expense as a stand-by "ready to serve" 
charge for all public ways anywhere m the State and levy the charge 
as a flat rate to each mile of road There are approximately 24,600 
miles of public roads, including state, local and city highways Divid­
ing the expense of the registry, $1,508,236 by 24,600 miles gives an 
annual flat rate cost of $61 30 per mile of public road This method 
was abandoned because it makes the same charge agamst a dirt road 
on a country by-way as for a heavily traveled state road or city street 

Traffic Control The expenses of the Traffic Division m the Depart­
ment of Public Works for 1932 were $189,144, which has been allocated 
to each section of road in the ratio of vehicle miles traveled on that 
section to the total vehicle miles traveled m the state, i e , in the same 
manner as registration expense was distributed The traffic control 
costs were charged agamst all roads rather than only to state highways, 
because although the Traffic Division is a state orgamzation, i t also 
takes counts on town roads, gives advice to towns and cities on traffic 
control problems, and must by law approve all legal traffic control 
signs and signal control installations located anywhere m the state 

Policing The policing of state highways is performed by state 
pohce operatmg under the Department of Public Safety, which is not 
a part of the Department of Public Works These police devote part 
of their attention to the regulation of traffic and law observance among 
automobile drivers, but their duties also extend to the protection of the 
public anywhere along their route For this reason only a part of theu-
cost should be charged as a road cost In 1932 the amount expended 
for state pohce from motor vehicle contributions was $312,028, which 
I S roughly one-third of the cost of mamtaimng these pohce This 
amount has been allocated to the state highway system in the ratio 
of vehicle miles traveled on any particular section of road to the total 
vehicle miles traveled on state highways The latter has been estimated 
at 2,450,000,000 vehicle miles per year, which is equivalent to an aver­
age traffic of 3700 vehicles per day on every mile of the 1800 miles of 
state highways The estimate of vehicle miles on state system was 
obtained from actual counts, not from gasolme consumption I t is 
interestmg to note that in Massachusetts 36 5 per cent of the total 
vehicle miles traveled is on state highways In the Michigan traffic 
survey published in "Pubhc Roads," February, 1933, it was found 
that about 33 per cent of all travel was on the state highway system 
of that state , The Michigan state system, however, has 7691 mdes, 
and the average traffic per day on this system is only 1143 vehicles 
per day, compared with 3700 on the Massachusetts state system 
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E N G I N E E R I N G , S U P E R V I S I O N , A N D A D M I N I S T R A T I O N O N M A I N T E N A N C E 

In Massachusetts these costs average about 15 per cent of the total 
of surface maintenance, right-of-way maintenance and snow removal 
costs The percentage was not applied to registration, traffic, or polic­
ing costs because these are not supervised by the maintenance staff 
The percentage method of obtaimng these costs is not recommended if 
actual administrative costs of each section are known The figure, 
15 per cent, was chosen as a result of a study of several recent annual 
reports of the Department of Public Works and represents the ratio 
between mamtenance expenses and all mamtenance overhead items for 
the entire state system I t appears high when compared with 0 43 per 
cent and 5 5 per cent used m cost analyses of Ames-Des Momes, Iowa, 
road, and Boston Post Road, Conn , respectively (See 10th Annual 
Report Highway Research Board ) However, the 15 per cent includes 
many items not included m the former analyses I t not only mcludes 
the actual supervision of road repairs but also the engineering and 
overhead expenses at district offices and at the mam office m Boston 

C O N S T R U C T I O N H I S T O R Y A N D C A P I T A L C O S T 

Prior Construction—Its Value to Piesent Roads 

The value of prior construction to an existmg road must be estimated 
as i t forms part of the capital value In Massachusetts the state 
highway system has been built up gradually over a period of nearly 
40 years, with the result that nearly all of the existing state roads have 
had one or more prior constructions I t was necessary therefore to 
investigate the construction history of each section of pavement in 
order to arrive at a reasonable figure for the value of this prior construc­
tion to the present road structure This value could have been ob­
tamed from records of old contracts together with the layout plans 
which show the extent to which the old road was utilized m the present 
construction, but for a great many sections, such as are included in the 
Worcester study, this method would have taken more tune than its 
importance justified I t was therefore decided to limit the investi­
gation of prior costs to the data available in Annual Reports of the 
Massachusetts Highway Commission Fortunately these reports in­
cluded down to 1921 an accumulative table of construction expenditures 
by sections of state highway which could be identified with maintenance 
sections used m this report The figures m column (8), Table I I , were 
obtamed from this source 

These figures mclude only the costs for the first construction per­
formed by the state on any road, which usually occurred directly after 
the road was taken mto the state highway system Some of these 
roads, particularly the older ones, have been resurfaced one or more 
times between their first construction and the present construction 
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The cost of these resurfacings has not been included in the cumulative 
tables m the Annual Report mentioned above, because this subsequent 
work is classffied as reconstruction under the general heading of "Mam­
tenance" m the state highway accounts Time has not permitted 
running down each of these resurfacmg contracts to determme what 
added salvage value they may have contributed to the existing struc­
ture The salvage value allowed for the prior construction is, therefore, 
conservative This omission does not mtroduce any considerable 
error because the resurfacmgs referred to were in the nature of replace­
ments of original road surface made during the period 1908-20 when 
few changes were made in location Reconstruction on a large scale, 
transformmg old pavements mto modem pavements, has been accom­
plished for the most part durmg the last 15 years, and these pavements 
are still m service, and are therefore carried at their full cost m column 
(14) 

The proportion of the cost of prior construction carried forward to 
the present road was arbitrarily taken as 30 per cent of origmal cost 
regardless of the type of pavement produced by the prior construction 
The 30 per cent is intended to represent the portion of the original 
cost invested in the more permanent parts of the construction, namely, 
the gradmg and durable dramage structures No value has been as­
signed to the old surface material which may or may not be of value to 
present road, because usually much of the old surface is either aban­
doned, covered up, or excavated, m order to provide alignment and 
grades suitable for modem traffic In places where relocations have 
been made the old gradmg likewise has no value to the new road The 
sections where the old surface serves as a foundation tend to balance 
the sections where old locations have been abandoned, so that the 
30 per cent allowance appears to be a reasonable percentage to use 
generally The relation between cost of grading and cost of pavement 
is not the same for all types of surface, but considermg the uncertainties 
involved in estunating prior construction costs in the first place i t did 
not seem advisable to adopt different percentages for different types 
The early bituminous types and the waterbound pavements show about 
the same ratio between surface and grading costs, the gravel roads have 
a much smaller proportion m the surface However, the grading and 
drainage structures provided for gravel roads, particularly the older 
ones, are generally of a lower order than those provided for higher type 
surfaces and for that reason usually of less value to surfaces which re­
place them For this reason the 30 per cent is not unreasonable when 
apphed to these old gravel roads I f the gravel roads had been con­
structed as a step in "stage" constmction as is common today, then 
their grading and surface could and would be fully utilized in construc­
tion of a higher type pavement 

The "Adopted Value to Present Road" in column (11), Table I I , 
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was obtamed by roundmg off the figures m column (10) Where the 
word "none" appears, this means that no previous pavement has been 
constructed by the state on that location, i e , the present road may be 
on new location, i t may have replaced an undeveloped coimtry byway, 
or it may have replaced a surfaced town road In the latter case the 
previous road probably was of some value to the present one; but usually 
these town roads required reconstruction by the state upon becommg a 
part of the state system 

Capital Cost of Present Road 
The construction cost for each section of present road was obtamed 

from the final amount paid to the contractor at the conclusion of the 
contract under which the work was done This amount divided by the 
length of the project m miles gave the amounts recorded m column 
(14), Table I I No attempt was made to separate construction costs 
between grading, dramage and pavement, as the final estimate of cost 
prepared by the state does not contam this separation The only way 
to obtain such a separation would be to make a quantity separation 
from the engineer's final estimate and apply bid prices to these 
quantities 

Engineering and overhead on construction shown in column (15), 
Table I I , was taken as 15 per cent of contract construction cost This 
percentage was obtamed by examimng the financial statements of 
Public Works Department for several years back I t applies to state 
highway construction throughout the state, and is intended to include 
all overhead costs incident to construction both m the district offices 
and in the main office in Boston 

Cost Index 
In order to place the construction costs of the many sections of road 

on a comparable basis, i t was necessary to brmg the costs to some com­
mon price level In previous analyses presented by the Committee, 
the Engineering-News Cost Index was used, and costs brought down 
to the date of the analysis In the present study a new cost mdex 
has been developed based on contract prices in Massachusetts, which 
is therefore du-ectly applicable to Massachusetts costs The common 
level chosen was an average of 1928-32 prices I f the costs had been 
brought "to date," the date used would have been November 30, 1932, 
which IS the end of the Massachusetts Department of Public Works' 
fiscal year As 1932 prices were at a low ebb m road construction 
history, costs brought to this level would be so low as not to be repre­
sentative of either past or expected future conditions The average of 
1928-32 prices reflects both a high and a low period and is therefore a 
more representative basis of comparison This also places construction 
costs on the same basis as mamtenance costs which were averaged over 
the same period, 1928-32 
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The cost index cuives developed are shown in Figure 2 They are 
based upon contract bid prices on state highway work as pubhshed 
annually in reports of Massachusetts Highway Commission (1895-1919) 
and Department of Pubhc Works (1920-32) An unweighted average 
was taken for each year of the amounts bid on the followmg items: 

Earth Excavation—as an mdex of gradmg costs 
Plam Cement Concrete—as an index of drainage costs 
Broken Stone—as an mdex of surface costs 
Asphalt—as an mdex of surface costs 
Gravel—as an index of foundation cost 
Concrete Surfacmg—as an mdex of concrete surface costs 
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Figure 2. Massachusetts Highway Construction Cost Index 

The number of contracts averaged per year varied from 40 to 160, 
dependmg upon number of contracts let 

The composite curve for bitummous macadam and waterbound roads 
(Figure 2) was obtamed by weighting the above items approximately 
in proportion as they made up the cost of these road as follows 

Grading (Earth Excavation) 
Drainage (Plain Cement Concrete) 
Foundation (Gravel Borrow) 
o , [(Broken Stone) Surface <;. ^ , . , ((Asphalt) 

Bituminous 
Macadam 
1912-1932 

% 
30 
10 
10 

40 

J O 

100 

Waterbound 
Macadam 
1895-1911 

% 
30 
10 
10 
50 

100 
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Few bituminous roads were built prior to 1912, so the asphalt item 
was not available until that date, however, the influence of this item 
on the index was so slight that the mdex curve shows no break between 
years 1911 and 1912 

The mdex curve for bituminous macadam (asphalt) was also used 
for adjustmg costs of bituminous concrete and tar macadam roads 
These three types are enough alike so that the index for one was con­
sidered applicable to all The same cost index, where i t applies to 
waterbound roads, was also used for gravel roads There were so few 
miles of gravel road to be considered that a separate index for this type 
was not warranted Sufficient study was made of the cost trends of 
these two types to discover that they were nearly alike 

A separate cost mdex was prepared for concrete roads, because it 
was found impracticable to combme concrete and broken stone roads 
mto one mdex Concrete roads have only been built since 1916, and 
show different cost trends from the roads constructed of broken stone 
and bitummous materials The weighting used for concrete road cost 
index was as follows: 

Grading (Earth Excavation) 20% 
Drainage (Plain Cement Concrete) 10 
Foundation (Gravel Borrow) 5 
Surface (Concrete Surfacing) 65 

100% 

The shape of the index curves depends not only upon the price fluctu­
ation of the several classes of materials making up the mdexes but also 
upon the percentage of the total cost assumed for each material Dur­
ing the period from 1923 to 1932 the umt prices bid on highway work 
m Massachusetts declmed every year, but not at the same rate Exca­
vation and gravel borrow dropped the most, from $1 48 and $1 80 per 
cu yd respectively m 1923 to $24 and $29 respectively m 1932 
Durmg the same period broken stone declmed from $3 92 per ton to 
$1 66, and concrete surfacing declmed from $12 99 per cu yd to $5 47 
per cu yd The former pau: of materials decreased m cost in the ratio 
of 6 to 1: the latter in the ratio of 2 4 to 1. Evidently the excavation 
and gravel borrow items tend to make the indexes dechne sharply during 
the last ten years, whereas the other items tend to make the declme 
less marked The percentages chosen were based upon a study of cost 
separations given in several of the Annual Reports of the Department 
of Public Works, supplemented by estimates of cost separations for 
modern designs The Bureau of Public Roads index ("Pubhc Roads," 
July, 1933) was also studied This mdex is based upon a "composite 
mile" of road which shows the foUowmg cost separation. 

Excavation 35% 
Surface (concrete + steel) 54% 
Dramage (structural concrete -|- structural steel) 11% 

100% 
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The index developed in this report is not intended, however, to reflect 
the variation in cost of a mile of road of the same general type, but 
rather to indicate what a road constructed in any year would have cost 
if built of identical design at the chosen base price lev̂ el (1928-1932) 
The actual cost of road construction per mile has not declmed in any­
thing like the manner shown by the index curves because as the width 
and depth of pavement have been increased ior heavier vehicles more 
materials have been required per mile and more gradmg has been re­
quired to provide greater width of pavement, flatter curves and grades 
and wider shoulders The increase in usage of highway materials per 
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Figure 3 A Comparison of Engineering News-Record Building Construction 

Cost Index, Bureau of Public Roads Highway Construction Cost Index and Mas­
sachusetts Highway Construction Cost Index 

mile I S discussed at length in "Public Roads," July, 1933, referred to 
above 

For purpose of comparison, the Massachusetts highway construction 
cost mdexes, the E N R index, and the Bureau of Public Roads mdex 
have been plotted to the same base level in Figure 3 , This figure shows 
at a glance that neither the E N R nor the Bureau of Public Roads 
indexes follow the treand of highway construction costs in Massachu­
setts between years 1922 and 1932 The E N R and the Bureau of 
Pubhc Roads indexes are both intended to reflect the average national 
price trends, the former based on general or buildmg construction ma­
terial and labor, and the latter on highway construction materials with 
heaviest weightmg given to those used in reinforced cement concrete 
type of construction The E N R index basis is such that it would 
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not necessanly reflect highway trends, but one might expect the Public 
Roads curve and the Massachusetts curves to be quite sunilar An 
inspection of the basic data for the Public Roads index shows, however, 
that m 1922 Massachusetts highway prices far exceeded those for the 
nation as a whole For example, excavation m Massachusetts aver­
aged $1 16 per cu yd for this year, whereas the average for the country 
was only $0 40, but in 1932 the national average and Massachusetts 
prices were almost alike Figure 3 definitely shows the unreliability 
of general or average cost indexes for application to the highway con­
struction costs of a particular state 

Right-of-way costs were obtamed by arbitrarily assummg a cost of 
$100 per acre for a right-of-way 60 feet wide In most cases the state 
did not pay anything for right-of-way, but merely took over the existmg 
one when the road became a state highway On new locations where 
land damages were paid, the actual cost of these will appear ih column 
(18) Table I I instead of the nominal figure of $731 per mile 

Betterments 

In recent years mamtenance costs in Massachusetts have been kept 
in two accounts, ordinary mamtenance and betterments Ordinary 
mamtenance costs are those given m columns (19) and (20), Table I 
Betterments were considered capital expenditures and therefore included 
with road costs in Table I I , column (19) The betterments were not 
brought to a common cost level, as they all fall withm the period 1928-
32, and are only a small item m the total road cost Betterments in­
clude such work as pavmg the space left by street railway rails, installing 
additional dramage structures, and widemng of isolated curves 

C A L C U L A T I O N O F ANNUAL ROAD COSTS 

Annual road costs were computed by an approximate formula as 
follows: 

m which 
C = average annual road cost 
A = ongmal capital cost 
B = annual mamtenance cost 
r = rate of mterest 
n = estimated life, in years, of the surface before renewal is 

required 
iS = estunated salvage value of highway at the end of n years 
E = any periodic mamtenance required durmg life n. 



BREED-ROAD COST ANALYSIS 95 

The term ^̂ e approxunate average annual interest charge 

A S 
during the life n, and the term is the annual depreciation on a 

n 
straight Ime basis 

The formula differs in principle from the basic formula for road cost 
presented at 1929 meeting of Highway Research Board, because it 
sets up road cost for the period n years only mstead of m perpetuity 
I t also neglects compound interest The approxunate formula is sunple 
m form and practical m its application, because it does not call for any 
assumptions beyond the life of the existmg surface The method of 
amortizing capital invested is sundar to that used for retiring senal 
bonds The most difficult terms to evaluate are n and S 

The results obtained by using the approximate formula agree closely 
with those found by the exact one as brought out by the following 
illustration 

The exact formula may be written as fo l lows 
Er E'r 

C = Ar + B+ ( 1 + + (1 + 

where 
C = Annual Road Cost 
A = Cost to constmct (capital cost) 
B = Annual mamtenance cost 
1 = Rate of interest (4 per cent) 
n = Life, in years 
E = Replacement Cost at end of n years 
E' = Periodic Maintenance needed every n' years 

Assuming the following costs A = $30,000, B = $1000, r = 04, 
n = 20 years, E = $20,000, E' = 0 

Then 

C = 30,000 X 04 + 1000 -|- ^^'7?Q'5 ^'^ + 0 = $2871 

Using the Approximate Formula, where S = A — E = $10,000, 

- = + - + ? 
p _ / 3 W 0 O + J M 0 0 \ ^ ^ 30,000 - 10,000 ^ IQQ,, ^ p . 

\ 2 / 2\j 

Estimated Life of Present Surface 

The lengths of life estunated for the different pavements on Route 12, 
Table I I I , are indicated in column (9) of the table The bituminous 
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macadam roacis (BMA) have been given a life of 20 years This type 
as now built was developed about 1923 no roads of this design are old 
enough to have worn out Roads of this type constitute 65 per cent 
of the Massachusetts state highway system They have the lowest 
surface mamtenance cost per square yard of any type except the dual 
type in which two lanes of concrete are separated by one of bituminous 
macadam^ There are some miles of an older type of bituminous mac­
adam that are now 20 years old and still giving good service Judging 
by the performance of these roads, 20 years seems a proper estunate of 
the life of the "high type" bituminous macadam pavement before any 
new surface layer must be added Allowance has been made for one seal 
coat durmg the 20-year life This is item E in column (15), which 
has been spread uniformly over the 20-year period by dividing by n 
Bituminous macadam roads penetrated with asphalt do not require a 
seal coat as often as do roads penetrated with tar Massachusetts 
engmeers expect many of these asphalt-bound roads to last longer than 
10 years without a seal coat 

The old pavements, sections 2, 3, 5, 6, in Sterling, section 4 in \^tst 
Boylston, and sections 1, 3, in Auburn, are scheduled for reconstruction 
in 1934, each of these has been assigned life to 1934 Section 4 in , 
Oxford and section 1 in Webster were being reconstructed in 1933, so 
they have been given their actual length of life 

Reinforced concrete pavements (RCC) built since 1923 have been 
given life of 25 years before resurfacing with bituminous concrete or 
other materials will be needed These pavements are of 8-inch uniform 
thickness and are reinforced with about 100 lbs of steel per 100 sq f t 

Plain concrete pavements have been given a life of 20 years, but 
provision has been made for covering these pavements with a layer of 
bituminous concrete at the end of 10 years I t is evident from descrip­
tions that the plain concrete sections in Oxford and Dudley have not 
been covered although they are now 12 and 13 years old, respectively, 
However, as they are pavements of inferior design, being only 5 inches 
thick at edges, they are badly cracked and will need resurfacing before 
long As the cost of this resurfacing (E) is distributed over the 20-
year life (n), i t makes no difference m the road cost whether the re­
surfacing 18 done at the end of ten years or later A "Symposium on 
Resurfacing of Pavements," published in thp 12th Annual Proceedings 
of Highway Research Board, indicated that plain concrete pavements 
on heavily traveled routes require a surface layer when 10-12 years 
old Some plain concrete sections on Newburyport Turnpike in Massa­
chusetts, of similar design to Oxford and Dudley, sections, were covered 
at ten years The 20-year life assigned to plain concrete pavements 
represents two ten-year periods, one bare and one covered 

The widemng to the reinforced concrete pavement, section 4 in 
Auburn, represents a special case The 1925 and 1932 sections now 

/ 
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constitute one pavement, so that when any surface layer is applied it 
will be applied to both at the same time, therefore, the 1932 sections 
(10 feet on each side) have been given a life of only 18 years, so that 
they will reach their salvage value in the same year as the 1925 
pavement 

Salvage Value of Present Surfaces 

The salvage value of a highway at the end of the estimated life of 
the wearing surface is usually measured by the value of the grading, 
structures and surface left in that road as a foundation for a new wearing 
course I f i t is practical and desirable to place this new layer directly 
upon the old pavement, then the salvage value of the old pavement will 
be its original cost minus the cost of the new layer which is required 
to produce a road adequate for present traffic 

Applying this principle to the high type of bituminous macadam so 
common in Massachusetts, the new surface layer required would prob­
ably be a 2-inch course of penetration macadam costing $8000 to $10,000 
per mile for a 24-foot width at 1928-32 price level I f the original 
pavement cost $30,000 per mile, then the salvage value would be roughly 
70 per cent of original cost However, the intangible item of obsoles­
cence should also be taken into consideration Many roads recon­
structed during recent years have been relocated to obtain straighter 
alignment and flatter grades Wherever the new road did not follow 
the old, obviously the old road had no salvage value to contribute to 
the new road Most roads of recent design appear adequate to meet 
traffic demands for years to come, but there is no certainty that this 
will prove true 

In highway financing it is not customary to issue refunding bonds 
against the residual value remaining indefinitely in the road, such as 
I S represented by the "refunded debt" in railroad financing In fact, 
if money is borrowed at all, the bond issue is usually amortized in 
10 years, a period less than the life of the pavement alone Massa­
chusetts state highways are practically free from debt, for many years 
highway funds have been obtained exclusively from motor vehicle 
revenue 

In view of these considerations a salvage value for the existing pave­
ments of 30 per cent of capital cost has been assumed for all bituminous 
pavements includmg waterbound macadam with a surface treatment, 
and 40 per cent has been allowed for cement concrete pavements A 
higher value has been given to concrete because concrete pavements 
are usually laid with more attention to alignment and grades than 
are other types, so the likelihood of future relocation for better align­
ment IS less 

The percentage method of obtaining salvage value is not recom­
mended where other facts are available which definitely influence the 
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amount of salvage value left in a road The amount of salvage value 
adopted, however, can vary through a wide range without greatly influ-
encmg the total road cost, as illustrated by the followmg. 

In the formula 
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( I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 

12 4 Leominster 2 BMA 1929 0 371 24 20 t33,184 t9 955 •863 11.161 tl,300 170 
3 BMA 1927 2 161 24 20 44,447 13,334 1.156 1,556 1,270 70 

Sterling 1 BMA 1927 0 592 24 20 43 683 13 105 1 136 1.529 1,265 70 
2 B C A 1913 1 759 18 20 12.700 3,810 330 445 1,282 — 
3 WB 1913 0 701 18 20 11,059 3,318 288 387 1,530 — 
5 WB 1913 1 296 16 20 11.059 3 318 288 387 1,553 — 
6 B C A 1912 1 087 16 21 11,148 3,344 290 372 1.292 — 

7-9 BMA 1929 0 325 24 20 38,739 11,622 1 007 1 356 1.182 70 
W Boylston 1 BMA 1928 0 898 24 20 30 240 9,072 786 1,058 1 006 70 

4 B C A 1915 0 653 18 19 19,584 5,875 509 721 1,291 — 
5 BMA 1927 0 736 30 20 28,918 8,676 752 1.012 1,249 88 
7 BMA 1925 0 459 18 20 38.787 11,636 1.008 1 357 1,142 53 
8 BMA 1932 1 672 30 20 57,613 17 284 1.498 2.01S 1.269 88 

Worcester 1 BMA 1932 1 074 30 20 57,613 17,284 1.498 2.016 1,269 88 
Auburn 1-3 B M T 1918 1 892 21 16 16,846 5,053 438 737 2,718 — 

4 R C C 1924 1 430 20 25 51.680 2,672 1 447 1 240 1 718 — 
R C C 1925 1 361 20 25 49 198 19,679 1,378 1 181 1,718 — 

12 R C C 1925 ] [ 20 25 49.198 19,679 1,378 1.181 
and 
20 

R C C 
Widen­

ing 

and 
, 1932 > 0 570 \ 20 IS 41.839 16,736 1,171 1 395 1 2,539 

— 

12 Oxford 1 R C C 1925 0 894 20 26 47.098 18.839 1 319 1.130 1 121 — 
2 P C C 1921 3 164 20 20 31,052 12 421 869 931 1,172 587 
4 B M T 1913-1e 2 290 15 20 17.191 5 1S7 447 601 1 539 — 

Webster 1 B M T 1911 0 831 18 22 15,905 4 771 413 506 1 437 — 
Dudley 3-5 P C C 1920 1 342 18 20 25 556 10 222 715 767 1 075 528 

For Pavement Descriptions and Maintenance Costa see Table I 
For Calculation of Capital Costs see Table I I 

assume A = $30,000, n = 20 years, B = 81000, E = Q.&ndi = 04 
Then, if iS = 60% of A, 

^ ^ ^30,000 + 18,000^ ^ 30,000 - 18,000 ^ ^^^^ ^ ^̂ 2560 

and if iS = 30% of A, 

^ ^ ^30,000 + 9000^ 04 ^ 30,000^-, 9000 ^ ^^^^ ^ ^2830 
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and if -S = 0, 

_ ^30,000^ 04 + 
30,000 

20 
+ 1000 = $3100 

Periodic Maintenance. A value for E was allowed for only two types 
of pavement For the bituminous macadam-asphalt (BMA) provision 
has been made for a seal coat costmg $ 10 per sq. yd and appUed at 

12—LEOMINSTER TO CONNECTICUT L I N E — S T A T E H I G H W A Y SECTIONS O N L Y 

Annual Traffic Annual Road Costs Vehicle Contributions--1932 
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(17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) 

141 738,000 57.000 71,000 866,000 SO 0039 t o 0023 to 000096 >2.199 S231 S483 (2.913 80 0034 $0 0020 SO 000083 
2 169 738,000 57,000 71,000 866,000 0 0047 0 0028 0 000117 2.199 231 483 2 913 0 0034 0 0020 0 000083 
0 167 738 000 57 000 71,000 866 000 0 0046 0 0027 0 000112 2.190 231 483 2 913 0 0034 0 0020 0 000083 

7 114 738,000 57,000 71.000 866 000 0 0024 0 0014 0 000078 2,199 231 483 2 913 0 0034 0 0020 0 000111 

16 122 738,000 57 000 71 000 866.000 0 0026 0 0015 0 000083 2,199 231 483 2 913 0 0034 0 0020 0 000111 

8 148 872,000 66 000 81,000 1.019,000 0 0022 0 0013 0 000087 2,699 268 561 3 418 0 0034 0 0020 0 000133 

A 130 840,000 63 000 78,000 981,000 0 0020 0 0012 0 000080 2,603 256 630 3.289 0 0034 0 0020 0 000133 

S 151 812,000 60,000 76,000 948 000 0 0038 0 0023 0 000096 2,420 244 617 3 181 0 0034 0 0020 0 000083 
0 122 803,000 59,000 75,000 937,000 0 0031 0 0019 0 000070 2,393 240 610 3,143 0 0034 0 0020 0 000083 
1 140 781.000 57.000 72,000 910,000 0 0028 0 0017 0 000094 2,327 231 490 3,048 0 0033 0 0020 0 000111 
1 103 1.186,000 61,000 188,000 1.435.000 0 0022 0 0012 0 000040 3,534 248 1,278 6.060 0 0035 0 0019 0 000063 

>0 198 1.186,000 61.000 188,000 1.435.000 0 0026 0 0013 0 000072 3,634 248 1,278 5 060 0 0035 0 0019 0 000105 
1 162 1.186,000 61.000 188,000 1.435.000 0 0034 0 0018 0 000060 3 534 248 1,278 6.060 0 0035 0 0019 0 000063 

1 162 1,186.000 61.000 188 000 1.435,000 0 0034 0 0018 0 000060 3 534 248 1,278 5 060 0 0035 0 0019 0 000063 

3 185 1.922.000 75.000 299 000 2,206 000 0 0017 0 0009 0 000048 5 728 305 2,033 8 066 0 0035 0 0019 0 000091 

5 220 1.922.000 75 000 299,000 2,206 000 0 0019 0 0010 0 000050 6 728 305 2.033 8.066 0 0035 0 0019 0 000095 

7 214 1,922,000 75,000 299,000 2 296.000 0 0019 0 0010 0 000050 5,728 306 2 033 8 066 0 0035 0 0019 0 000096 

» 192 3,157.000 267 000 274 000 3.688 000 0 0021 0 0012 0 000030 9 408 1,043 1 863 12.314 0 0033 0 0020 0 000100 

0 178 945,000 66,000 94,000 1.106.000 0 0032 0 0019 0 000095 2 816 268 639 3,723 0 0034 0 0020 0 OOOlOO 
9 178 996,000 80,000 90.000 1.166 000 0 0030 0 0018 0 000090 2 968 326 612 3,005 0 0033 0 0020 0 000100 
7 172 1,210,000 109,000 09.000 1.418 000 0 0018 0 0011 0 000073 3,606 443 673 4,722 0 0033 0,0020 0 000133 
6 131 1 594,000 110 000 153 000 1 857.000 0 0013 0 0008 0 000044 4,750 447 1 040 6 237 0 0034 0 0020 0 000111 
15 171 883 000 60 000 86 000 1 029.000 0 0030 0 0018 0 000100 2,631 244 685 3 460 0 0034 0 0020 0 000111 

the end of 10 years, the midpoint m the estimated Me of surface. For 
plam concrete (PCC) allowance has been made for a surface wearing 
course costmg $1 00 per sq yd , also presumably laid at the end 
of first 10 years The other types require bituminous surface treat­
ments, but these are applied frequently and are included in annual 
maintenance cost 

T R A F F I C 

Traffic data were obtained from a state-wide census taken m August, 
1933, by the Massachusetts Department of Pubhc Works. The August 
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counts were expanded to yearly volume on a basis of gasoline consump­
tion The distmction between light and heavy trucks cannot be defi-
mtely drawn because this separtion as found m the traffic counts de­
pended largely upon the counter's judgment His mstructions were 
to count Fords and delivery trucks as light trucks, and all others as 
heavy trucks No weight or capacity lunits were specified The 
light truck classification, column (19), Table I I I , mcludes, therefore, 
only trucks weighmg little more than a passenger car The heavy truck 
classification, column (20), mcludes all other trucks and buses The 
buses were counted separately in traffic census, but have not been tabu­
lated in this report 

M O T O R V E H I C L E C O N T R I B U T I O N S 

(a) Slate Taxes Collected 

Motor vehicle taxes collected by the State of Massachusetts for the 
fiscal year 1932 were as follows ' ^ 

Registration Fees, Drivers' License Fees and Examinations, 
and Court Fines 8 6,337,418 

Gasoline Tax 16,651,868 
Total 322,989,286 

The above amounts represent the total contributions made by all 
classes of vehicles for the use of the public highways anywhere and 
everywhere m the state These taxes are paid into a special state 
account called "The Highway Fund" from which disbursements are 
made for the foUowmg purposes 

Mamtenance, construction and operation of state highways 
Special projects authorized by legislative acts 
State aid on town road construction and maintenance 
Mamtenance of the Metropolitan District Commission (for park 

roads and reservations m and around Boston) 
Distribution of a portion of the gasohne tax receipts to the cities 

and towns 
Of the above items the first and part of the second are for state 

highways Projects of unusual magnitude, such as the Boston-Worces­
ter Turnpike, are authorized by special act and later become part 
of the state highway system Other projects authorized by special 
acts, notably the construction of park roads in the Boston Metropolitan 
area, are turned over to the Metropolitan District Commission for 
mamtenance and do not become a part of the state highway system 
Of the $23,000,000, roughly, received from motor vehicle taxes in 1932, 
about $14,000,000 were spent on state highways, and about $5,500,000 
of the gas tax money were distributed to the cities and towns The 
balance of the receipts were distributed among the other items The 
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amounts expended upon state highways or allotted to the towns and 
cities will vary from year to year depending upon what action is taken 
by the legislature In recent years there has been a strong tendency 
to decrease expenditures on state highways and increase the proportion 
of the gas tax moneys given to the towns and cities For example, 
in 1931 about $16,000,000 were spent on state highways and $2,500,000 
of gas tax money given to the towns and cities 

(6) Contributions from Individual Roads 

In order to estimate the motor vehicle contributions from any indi­
vidual section of road it is necessary to express these total contributions 
in dollars per vehicle mile The amount contributed from any section 
of road will be the product of the vehicle miles traveled on that road 
and the contribution per vehicle mile The gasolme tax contribution 
IS proportional to the number of miles driven and may therefore be 
readily expressed m dollars per vehicle mile The other fees, however, 
are independent of mileage and can only be expressed on a vehicle mile 
basis by makmg certam assumptions as to annual mileage The con­
tribution per vehicle mile for each of the three classes of vehicles, 
passenger cars, light trucks and heavy trucks, has been worked out in 
Table I V The method of compiling this table is described below 

(c) Explanation of Table IV 

Average gross weights of vehicles under item (1) were chosen as a 
matter of judgment based on the data that were available The total 
number of vehicles registered, and the total number of trucks and buses 
registered were available from the registery, but the division between 
light and heavy trucks had to be estimated This was done by choosmg 
the percentage distribution under item (4) These percentages are 
such as to satisfy two conditions, first, that the number registered m 
each class times the average registration fee for that class equals the 
total registration receipts, and secondly, that registration receipts from 
the light trucks plus the heavy trucks equal the difference between the 
total registration receipts and passenger car receipts The values 
chosen for miles per gallon of gasolme are low compared with figures 
compiled by the Iowa State Experiment Station (BuUetm 106) How­
ever, Massachusetts traffic is characterized by short runs, dense traffic 
in congested areas, and a relatively high percentage of the heavier pas­
senger cars and trucks All these factors tend to mcrease the rate of 
gasolme consumption and thereby decrease the miles that may be 
driven per gallon of gasolme Vehicle mdes for each class were esti­
mated on three presumptions (1) that total gas tax receipts were ob-
tamed from each class of vehicles in proportion to the consumption of 
that class, (2) that the total vehicle mdes for all classes equal 6,700,-
000,000 as previously determined, (3) that light trucks travel an average 
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of 10,000 miles per year The resulting distribution indicates tiiat 
passenger cars at 14 miles per gallon of gasoline travel an average of 
8,000 miles per year, and heavy trucks at 6 miles per gallon travel 
11,000 miles per year, which is a reasonable annual mileage for each 
class in Massachusetts, considering the fact that the heavy truck classi­
fication includes practically all trucks except light delivery trucks as 
explained under "Traffic" heading 

Total registration receipts were available for passenger cars and for 
commercial vehicles unclassified The distribution between light and 

T A B L E IV 
B A S I C D A T A FOR COMPUTING MOTOR V E H I C L E CONTRIBUTIONS 

Item Passenger 
Cars 

Light 
Trucks 

Heavy* 
Trucks Totals 

(1) Average Gross Weight (Tons) l i 2i 5i — 
(2) Average Registration Fee $3 60 37 50 816 65 — 
(3) Number Registered (1932) 694,459 47,313 60,137 801,909 
(4) Per Cent of Total Registered 86 6 5 9 7 5 100 
(5) Miles Per Gallon of Gasoline 14 10 6 
(6) Vehicle Miles Per Year (Mil­

lions) 5566 473 661 6,700 
(7) Registration Receipts (1932) $ 2,490,759 8 354,847 31,001,216 8 3,846,822 
(8) License Fees, Fines, etc. 

(1932) $ 2,156,856 3 146,945 8 186,795 $ 2,490,596 
(9) Total Fees (7) + (8) 8 4,647,615 $ 501,792 81,188,011 8 6,337,418 

(10) Gasoline Tax Receiptst (1932) $11,928,000 81,419,000 $3,305,000 816,652,000 
(11) Total Fees [(9)] Per Vehicle 

Mile $ 00084 3 00106 3 00180 S 00095 
(12) Gas Tax [(10)] Per Vehicle 

Mile 3 00214 3 00300 8 00500 3 00248 
(13) Total Contributions (11) -|-

(12) Per Vehicle Mile S 00298 8 00406 $ 00680 8 00343 

* Includes 3899 Busses 
t State Gasoline Tax m 1932 was 3 cents per gallon 

heavy trucks was made on the basis of average fee paid in each case 
Dnvers' licenses, examination fees and court fines, item (11), were 
distributed among all classes in proportion to numbers registered 
Gasoline tax receipts, item (10), were distributed among classes of 
vehicles in proportion to their rate of consumption 

The contributions per vehicle mile were obtained by dividmg tax 
receipts from each class of vehicle by the vehicle miles traveled by each 
class 

The contributions per mile of road for each class of vehicle shown in 
columns 25 to 28 of Table I I I were obtained by multiplying contri­
butions per vehicle mile for each class by the number of vehicles of 
that class using the road 
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(d) Coninbutions Considered as Highway Income 

In this report tlie contributions obtained fiom each section of road 
liave been considered as the gross income from tliat road and have been 
set up in comparison with tlie road costs as expenses in columns 16 
and 28 m Table I I I In previous road cost analyses, namely, the Des 
Momes, Iowa, road and the Concord-Harvard and Tyngsboro roads 
in Massachusetts (10th and 12th Annual Proceedmgs of Highway 
Research Board) the vehicle contributions were multiplied by a factor, 
roughly two-thirds, which was intended to make allowance for the fact 
that only two-thirds of the gross contributions were devoted to state 
liighways Although such a disposition may have been made of the 
motor vehicle funds m the aggregate, it should not have been applied 
to the smgle sections of state highway studied if a true comparison is 
to be drawn between the road cost and the road earnmgs The earnings 
of a particular road section depend upon the use made of it measured 
in vehicle miles As indicated above the actual disposition made of 
the total highway funds m Massachusetts will fluctuate from year to 
year dependmg upon the whuns of the legislature The earnings of 
the state highway system as a whole may be estunated roughly from 
the figures previously derived as follows 

Vehicle miles on state system 2,450,000,000 
Contribution per vehicle mile of the average vehicle 3 00343 
Earnings of state system, gross income from motor vehicle 

contributions 88,400,000 
Expended on state highways in 1932 $14,000,000 

A comparison between the earnings of the highway system and the 
amount actually expended upon the system in any year is not neces­
sarily significant Much of the actual expenditure is capital expendi­
tures m new construction and reconstruction which is needed to relieve 
congested routes and to convert old routes of obsolete design mto 
modern highways The figure which should be set up in comparison 
with the annual earnings of the state highway system is the annual 
road cost of the system This can only be obtamed by an extension 
of the analysis outlined above to the entire state system 

Any comparison which is drawn between road cost and contributions 
I S not complete unless the highway service provided is taken mto con­
sideration For example, old roads usually have a low annual cost 
because their interest and depreciation charges are low, but these 
roads are not givmg the service that a more expensive, higher type 
pavement would provide The old roads are usually narrow and 
crooked, and have a wavy surface and a high crown They are hard-
surfaced, durable pavements, but cannot be traveled with the same 
speed and comfort as afforded by more modern pavements Further­
more, the cost of vehicle operation is undoubtedly higher on these older 
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roads than on modern types. The mcrement in vehicle operatmg costs 
between the old and new types in Massachusetts, at least, would be a 
small amount per vehicle because even the older roads are hard-sur­
faced, year-round roads and the difference m operating costs between 
them and a smoother type would be due largely to the elimmation of 
the wavy surface and high crown No actual tests have so far been 
conducted upon road surfaces typical of Massachusetts types to deter­
mine just what the mcrements m vehicle operatmg cost would be be­
tween types These mcrements would have to be known with more 
precision than is now available in order to have any significance when 
expanded to the densities of traffic commonly found on Massachusetts 
highways No attempt has been made m this report to combine road 
costs and vehicle costs into one cost, namely, the cost of transportation 

DISCUSSION O F T H E BASIC DATA IN T A B L E I 

The mamtenance costs for certam pavments on Route No 12 are so 
exceptionally high or low as to require explanation For example, 
Sections 2 and 3 in Leominster and 1 in Sterlmg show unusually low 
surface maintenance costs at $5 and $9 per mde, respectively, and high 
right-of-way maintenance costs at $600 and $570 per mile, respectively 
Normal mamtenance costs for these sections, based upon a study of all 
roads of this age and type in Worcester County, would be about $25 
per mile for surface maintenance and $300 per mde for right-of-way 
mamtenance 

Sections 1 and 3 m Auburn show excessively high surface mamtenance 
(nearly $1000 per mde) They were origmally constructed in 1918 
as bitummous macadam penetrated with tar In 1930, however, a 
special surface treatment was given to these sections which is classed 
as a "retread" in the mamtenance records It consisted of an apph-
cation of |-mch pea stone probably not more than one mch average 
thickness which was penetrated with tar, mixed on the road, and then 
smoothed out and rolled At the same tune the width of road was 
increased from 18 to 21 feet by extending the new surface over shoulders 
of the old road The cost of this treatment and subsequent apphcations 
of tar m 1931 and 1932 are responsible for the high surface mamtenance 
cost The traffic on these sections is over 2,000,000 vehicles per year, 
of which 16 per cent are trucks, so it is not surpnsmg that this type of 
surface has required extensive mamtenance These Auburn sections 
are scheduled for reconstruction m 1934 

Sections 8 m West Boylston and 1 m Worcester were completed late 
in 1932, hence no actual mamtenance records are available, the costs 
shown in columns 19 and 20 were therefore based upon the records of 
other roads of sunilar type These records showed that the average 
surface mamtenance durmg the first five years for the bitummous 
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macadam asphalt type was very nearly $1 00 per mile per foot of width, 
and that the right-of-way mamtenance was roughly $300 per mile 

It IS characteristic of the modern pavement sections analyzed m 
Worcester County to have much greater annual nght-of-way mam­
tenance costs than surface mamtenance costs The former item, there­
fore, makes up a larger portion of the annual road cost than does the 
surface mamtenance, which has been reduced to a small amount by 
buildmg a modem type pavement smtable to traffic demands 

Many published road costs prepared for the purpose of comparmg 
roads of different surface types, omit the right-of-way mamtenance 
costs, on the assumption that these costs will be the same for any kmd 
of surface Such costs are not true road costs, because regardless of 
whether the nght-of-way mamtenance is a constant amount or not, it 
should be mcluded, as it often contributes a substantial amount to the 
annual road cost, as illustrated by the sections analyzed on Route No. 12 

In the Twelfth Annual Proceedmgs of the Highway Research Board, 
page 54, Mr Paustian has allowed a range of only $25 to $50 for "mam­
tenance of shoulders," which is apparently intended to cover all right-
of-way costs This I S much less than the average of $300 per mde 
for Massachusetts roads It is probably true, however, that m certam 
states, particularly in the flat, midwestern area, the right-of-way costs 
will be small in comparison with surface mamtenance costs 

DISCUSSION O F R E S U L T S 

Table I I I shows in tabular form a summary of the analysis made of 
each of the road sections The annual road costs and the motor vehicle 
contributions have been expressed m several different umts taking into 
consideration both smgly and in combmation the effect of width of 
roadway and volume of traffic expressed both in numbers of vehicles 
and m gross weight of vehicles Vehicle miles were converted mto 
ton-miles by using the average gross weight for each class of vehicle 
given in item (1) of Table I V The unit which best represents the 
annual road costs in terms of the road service provided is the ton-
mile cost per foot of width shown m column (24) of Table I I I A com­
parison made between annual road costs expressed m this unit shows 
the relative economic efficiency of the different road sections, such as 
IS not evident when the comparison is made on a per mile basis only 
For example, Sec 4 m Auburn has the highest annual cost per mde 
($7664), but it has the lowest per ton-mile per foot of width (0 003 jf) 
This short section of road not only serves Route 4 but also U S. Route 
20 which I S on the trunk Ime from Boston to New York Evidently 
this section of road is givmg the most service for each dollar of annual 
cost Furthermore, the contributions from the dense traffic usmg 
this section of road greatly exceed the annual cost of this 40-foot re-
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inforced concrete pavement The widenmg of this pavement from 
20 to 40 feet in 1932 was therefore clearly justified 

The sections givmg the least service per dollar of annual cost are 
No 3 m Leommster and No 1 in Sterling, these cost 0 0117j!f and 0 112^ 
per ton-mile per foot of width respectively An inspection of the motor 
vehicle contributions m column (28) reveals that these sections do not 
earn their annual costs 

The motor vehicle contributions expressed in dollars per vehicle 
mile and per ton-mile in columns (29) and (30) are nearly alike for all 
sections These values would be exactly alike if the distribution of 
traffic between classes of vehicles agreed in every case with that assumed 
in Table IV , from which an average value for contributions per vehicle 
mile was derived, but as the actual traffic distribution varies somewhat 
between sections, the contributions per vehicle mile and per ton-mile 
will vary slightly 

A better view of the results may be had from Figure 4 which shows 
graphically the annual road costs per mile plotted from column (16) 
of Table I I I , the motor vehicle contributions per mile for 1932 plotted 
from column (28), the annual traffic plotted from column (21), and 
another set of annual road costs which have not been adjusted to any 
base price level The calculations for these latter costs are not included 
in the report They were obtamed by using costs from columns (9) 
and (16) in Table I I in place of those in columns (11) and (17) of that 
Table The reasons for showing these unadjusted cost lines on the 
diagram were twofold- first, they indicate at a glance the extent to 
which the actual costs have been changed in adjusting them to the base 
price level, and, second, they make possible a comparison between the 
actual annual cost and the actual contributions As the actual costs 
are those which must be paid, this comparison has more significance 
for tax purposes than that between adjusted costs and actual contri­
bution When comparmg the road costs of sections constructed at 
different tunes, however, the adjusted costs should be used, because 
these eliminate cost fluctuations due to changing price levels Figure 4 
shows that at the present rate of state motor vehicle feefe and a 3-cent 
state gasoline tax the contributions exceed the annual road costs for 
all sections except Nos 2 and 3 in Leominster and Nos 1, 7 and 9 m 
Sterling 

By taking into consideration not only Route No 12 but also other 
routes in the county for which costs have been compiled but not pre­
sented in this partial report, the following general conclusions may be 
drawn from Worcester County state roads 

(1) Modern, two-lane roads of bituminous macadam or cement con­
crete built within the last ten years on state highways within Worcester 
County have an average annual road cost of from $3000 to $3500 per 
mile The bituminous macadam type has a consistently lower annual 
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road cost than cement concrete of the same width due mostly to the 
fact that the standard 8 m reinforced concrete pavement costs about 
half as much again as the standard 7 in bituminous macadam pavement 

Annual traffic of approxunately 1,000,000 vehicles is required m order 
that the contributions from registration, hcense fees and a 3 cent gas 
tax shall equal or exceed the annual cost of these 2-lane roads 

(2) Modern, 3-lane pavements on state highways in Worcester 
County have an annual road cost of from $4000 to $5000 per mile, 
dependmg on the type, and require an annual traffic of approxunately 
1,500,000 vehicles in order that the contributions from registration, 
hcense fees, and 3-cent gas tax shall equal or exceed the annual road 
costs 

(3) In general, the old types of pavement, i e , surface-treated water-
bound macadam or gravel, have the lowest annual road cost, usually 
$2000 to $2500 per mde The first cost of these old pavements was 
low, therefore the annual interest and depreciation charges for these 
pavements are relatively low compared with their annual maintenance 
cost. This low annual cost is not a complete argument m favor of old 
types, however, because the vehicle operatmg cost is probably greater 
on these old types than on the modern types On Route No 12 the 
motor vehicle contributions greatly ̂ exceed the annual road costs for 
all of the old types, for Section 4 in Oxford the contributions are nearly 
double the road cost This particular section was reconstructed and 
widened durmg the latter part of 1933 

(4) The character of the state highway system is constantly changing 
both as regards the type and condition of pavements and the traffic 
density ,The results presented for Route No 12 represent a "snap­
shot" of that route m the year 1932 If the study were repeated in 
1934, the results would be different because of the improvements which 
have been made 

In the Sterling district the old pavements are now (1934) bemg re­
placed by wider and more modern surfaces coupled with improvements 
in ahgnment The new pavements will require less surface mamtenance 
but there will be a considerable mcrease m mterest on investment and 
depreciation When the exact costs are known it will be found that 
the annual road cost, represented by the full hne on Figure 4, will be 
raised to well above the annual contributions in this Sterlmg section 
While the improvement may brmg an mcrease in traffic, it will probably 
not be any considerable amount and therefore the contributions will 
not mcrease any considerable amount 

In West Boylston the old B C A section is now (1934) bemg recon­
structed and the 18-foot and 24-foot sections of B M A are bemg widened 
to 30 feet The latter sections were built m 1925 and 1928, respectively, 
and were assumed to have a hfe of 20 years After the widemng has 
been made the road cost hne m Figure 4 wdl be very much higher, 
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probably approaching an annual cost of $5000 per year because this 
cost will include not only the interest and depreciation on the improve­
ment but also on the original pavements, some of which had to be 
sacrificed to the widenmg The contributions Ime in this district will 
then be far below annual road cost Ime if the traffic remams at about 
1,000,000 vehicles per year, an increase m traffic to 1,500,000 vehicles 
per year, however, would justify the unprovement 

The B M T section m Auburn is now (1934) being reconstructed Its 
annual maintenance has been very high The annual mamtenance of 
the new pavement will doubtless be low, so that the mcrease in interest 
and depreciation on investment due to the betterment will be largely 
offset by the saving in annual mamtenance costs, and the annual road 
cost Ime in Figure 4 will not be raised any considerable amount, it 
will still he far below the contribution Ime 

The B M T section in Oxford and Webster was reconstructed in 1933 
The interest and depreciation on the cost of this betterment plus the 
probable annual mamtenance of the new surface mmus the rather high 
annual mamtenance of the old surface will probably raise the annual 
road cost Ime up to a point close to the contribution Ime 

It is obvious from this discussion that the present improvements m 
Sterlmg and West Boylston may not be wholly justified from the 
standpomt of contributions alone, but may be fully justified when one 
adds to it the favorable effect on vehicle operatmg cost, the old Sterlmg 
sections were the roughest of all those analyzed on Route 12 The 
B M A sections in West Boylston were widened to 30 feet m order to 
provide a pavement of uniform width throughout this district The 
recent unprovement m Auburn is clearly justified because the annual 
cost will still lie below the annual contribution Ime The new surface 
in Oxford-Webster appears to be substantiaUy justified 

A diagram like Figure 4 can be used over a period of years by chang-
mg the hues upon it to conform to any considerable betterments or 
changes in annual mamtenance cost or in annual traffic Whenever 
these changes are made the date can be recorded upon the new Imes 
so that the diagram as a whole will indicate from tune to tune where 
unprovements are clearly justified The phrase "clearly justified" is 
used because if contnbutions pay for the annual road cost the justifi­
cation is apparent The improvement of the road surface, however, 
will decrease the vehicle operating cost, which is further evidence 
justifying the improvement, and m some mstances it is clear that the 
decreased cost m vehicle operation due to the construction of a better 
surface may justify an improvement in which the hne representmg the 
annual road cost lies below the annual contribution Ime 

The officials of the Highway Division of the Department of Public 
Works of Massachusetts have generously cooperated in providing basic 
data for this report. The figures compiled from these basic data, 
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however, have not been verified by the Department of Pubhc Works 
nor have they had an opportunity to criticize them, therefore, the 
responsibility for their use lies wholly with the author 

The assembly and analysis of the data and all computations and 
tables have been prepared by Mr Alexander J Bone who has also 
offered constructive suggestions which have in several instances been 
adopted without change 

D I S C U S S I O N 

ON 

C O S T A N A L Y S I S O F S T A T E R O A D S I N W O R C E S T E R C O U N T Y , 
M A S S A C H U S E T T S 

M R W A S H E L T O N , U S Bureau of Pubhc Roads Who conducts 
the traffic counts in Massachusetts' 

P R O F E S S O R B R E E D . This is done under Mr Taylor, Traffic Engineer 
of the Massachusetts Department of Public Works 

M R S H E L T O N What length of watch do they use' 

P R O F E S S O R B R E E D The usual length of count is 16 hours from 
7 00 A M to 11 00 P M At certain key counting stations, however, 
24-hour counts are made and these are used to expand counts at the 
16-hour stations A complete traffic count is made of the State system 
every three years 

D E A N ANSON MARSTON, Iowa State College From what source does 
tlie funds for the construction of these roads come Is it in part from 
a general property tax' 

PR OFES SOR B R E E D Roughly about one-third of it comes from regis­
tration fees and about two-thirds from gasoline taxes and a little from 
drivers' licenses and fines, etc Our total is a httle over 20 million of 
which something like five million were diverted back to the cities and 
towns this year and roughly two million last year, and the rest of it 
spent m betterments, maintenance operations, policing, etc on a 
pay-as-you go basis, no bonds or property taxes 

D E A N M A R S T O N In 1904 I was m touch with the Massachusetts 
State Highway Department and at that tune automobdes were just 
starting to be numerous and the revenues must have been very 
small Tliey had gone into quite extensive construction of roads, and 
I think they must have secured the main part of their money from other 
sources up to that tune 
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P R O F E S S O R B R E E D : We have a state highway system of 1800 mdes 
and our density of traffic on roads in Massachusetts, I believe, is the 
greatest m the United States It is over 3000 vehicles per day per 
mde on the average There are 61 per cent of our highways m the 
State system which carry upwards of 3000 vehicles per day Such 
roads as the Newburyport turnpike running north from Boston toward 
New Hampshu-e carries an average of 8000 vehicles per day and about 
25,000 on Sundays and holidays, and that 25 ,000 per day is quite com­
parable with the New Jersey viaduct That road is a three and four 
lane road Massachusetts has such dense traffic on so many miles 
that we get quite a lot of money 

D E A N M A R S T O N Y O U do not have to use general State sources' 

PROFESSOR B R E E D Not at all 

D E A N M A R S T O N . Has any study been made into this distribution of 
a certain percentage to State roads and a certain percentage to some­
thing else from the point of view of the source of money' 

M R B R E E D I cannot answer that Some of the State highway de­
partment officials have been quite interested in these studies we are 
makmg, and there is some hope that the State may make a State-wide 
analysis of highway costs I feel personally that this is the type of 
study that could be made in cooperation with the Bureau of Public 
Roads because it would likely be of national value I believe the 
problem would be sunpler in Massachusetts than in most states because 
of the very complete record this State has of cost and of traffic 

T H E E C O N O M Y OF H I G H W A Y I M P R O V E M E N T S 

B Y HOWARD B U R T O N SHAW 

ProJessoT of Industrial Engineering, North Carolina Stale College 

SYNOPSIS 

In estimating the economy of contemplated road improvements, 
the question, "how much can we afford to invest now to save a 
determined amount of annual expense?" can be answered by com­
paring the additional investment with the saving in cost which it 
effects 

This method of computing economy is illustrated in detail by a 
project for improving a gravel road by surfacing it with concrete 
For the cost data assumed it is shown that the improvement is justi­
fied for an annual traffic of 200,000 vehicles or more, but that for 
100,000 vehicles it does not appear to be economical The computa­
tion shows that the saving in annual road cost is relatively small in 
romparison with the saving in vehicle operating cost when the annual 
traffic IS large Indeed an approximate economy determination can 
be made by considering the vehicle cost only. 
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In the light of the old Roman sajong that "the welfare of the people 
I S the supreme law," the wonderful development of our highways shmes 
as an outstandmg example of pubhc service for the benefit of the people. 
Viewed m that light, optimum service with economy should contmue 
to be the guide 

Economy determmations are valuable aids not only to busmess 
ventures, the mam mcentive for which is profit, but also for public 
activities such as the buildmg of the nation's highways Economy for 
mdividual enterprises has'not always lead to general prosperity or even 
to contmued prosperity for the enterprises themselves 

Likewise, economy studies are essential to highway development, 
but may not have predommatmg influence m the gettmg and expendmg 
of funds 

I t I S apparent that stressmg economy to the limit would defeat its 
own auns, for the roads carrymg the most traffic would absorb the 
available funds and leave none for the subsidiary roads upon which 
much of the traffic must origmate 

The economy of an additional mvestment m a busmess enterprise 
can be determmed from known data concernmg amounts mvested and 
yields before and after the mvestment and may be predicted with 
reasonable certamty, except for rapidly changmg conditions 

The jaeld is the annual operatmg revenue less the annual service cost, 
and the latter is the total of expenditures for operation, mamtenance, 
insurance, and the annual provision for depreciation, which latter for 
highways is called the annual provision for "periodic mamtenance " 

The method generally used was stated by Arthur M Welhngton 
nearly fifty years ago in his "Economic Theory of Railway Location " 
When the revenues are known the yields may be computed by sub­
tracting the costs, and then the difference in yields may be compared 
with the difiference m mvestments, or with the additional mvestment 
m an enterprise The percentage which the additional yield bears to 
the additional mvestment is a precise measure of the economy of the 
additional investment The economy may be determmed by Wellmg-
ton's method even when the revenues are unknown provided they are 
known to be equal, but when we attempt to use Wellmgton's method 
to amve at the economy of highway improvements one of the first 
thmgs that becomes apparent is that the operatmg revenue from high­
way transportation is not only unknown but by its very nature can 
never be known as an amount of money, because it is so largely in the 
form of service Also we know very little about the equahty of the 
operatmg revenues before and after a highway improvement 

The nearest measure we have of the operatmg revenue of a high­
way transportation system, consistmg'of pubhc roads and private 
vehicles, is the annual traffic, the changes m which become mtncate 
and uncertam m response to social and economic stimuh. Hence, we 
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are forced to predicate the economy of highway improvement upon 
the annual traffic bemg the same after as before the unprovement and 
base the computations on the reduction in cost, whereas increased 
revenue usually is the main incentive for investment in a busmess 
enterprise 

With the revenue eliminated from consideration there are two ways 
m which we may proceed to compute the economy, which are designated 
as the "Total Aimual Cost Method," and the "Saving in Annual 
Expense Method " 

The Total Annual Cost Method The mterest upon the total mvest-
ment is computed and added to the annual service cost to amve at 
total annual cost, and then total aimual costs may be compared. This 
I S the method used by the Committee on Highway Transportation 
Economics m its 1929 and 1930 reports It took much tune and effort 
to determme the "cost to construct" for short sections of roads, so the 
suggestion has been made that an approximation of the amount m-
vested by a State in its highway system could be arrived at in other 
ways 

Saving m A nnual Expense Method We may compare the mvestment 
to be added m makmg an improvement with the difference in annual 
service costs before and after the unprovement, that is, compare the 
additional mvestment with the savmg m cost which it effects This 
second method is the one used m this report m an attempt to answer 
the question "how much can we afford to mvest now to save a deter-
mmed amount of annual expense'" An answer to this question may 
be stated as follows. "The economy will be shown by computmg the 
percentage of savmg to the cost of the improvement," because the 
savmg I S the only return upon the mvestment which we can compute. 

To illustrate this method of computing economy, consider an improve­
ment by surfacmg a gravel road with concrete Data are assumed ap­
proximately as given by Mr A C Benkleman for the State of Michigan, 
m his paper, "Demonstratmg the Economy of Good Roads," m Civil 
Engmeering for July, 1933 

The cost of surfacing a mile of gravel road with concrete is estimated 
to be $15,000 The average annual maintenance for the gravel road 
I S estunated to cover periodic mamtenance The annual cost for 
"periodic mamtenance" of the concrete road is computed as the 4^ per 
cent annuity for replacement of the concrete surface every 25 years 
at a cost of $15,000 per mile 

The cost of operatmg an automobile for a mde is estimated to be 
8 mills less on a concrete surface than on a gravel road This estunate 
of savmg per vehicle mde is taken from Figure 1, page 87 of the 1932 
Proceedmgs of the Highway Research Board, "A Study of Costs on 
Various Types of Highway," by Raymond G. Paustian. 

Table I sets out these data and the computations: 
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From Table I it is easy to see that the improvement is justified for 
an annual traffic of 200,000 automobiles, and in increasing measure up 
to 750,000, for which the annual saving is over 40 per cent of the cost 
of the improvement For an annual traffic of 100,000 automobiles 
the improvement appears to be non-economic, and an annual traffic 
of 150,000 automobiles is on the border line and does not so amply 
justify the improvement as a larger annual traffic It is assumed that 
the percentage of saving to investment should be at least twice the 
current rate of interest, say 10 per cent, in order to promise real economy 

T A B L E I 
COMPUTATION OF ECONOMY FOR C H A N G E FROM G R A V E L ROAD TO C O N C R E T E 

S U R F A C E PER M I L E OF ROAD 

(The annual traffic is estimated to be the same after as before the improvement) 

Annual Road Costs Annual Saving 
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100,000 S880 $328 $336 $664 $216 $800 $1,016 6 77 
150,000 954 347 336 683 271 1,200 1,471 9 8 
200,000 1,020 360 336 696 324 1,600 1,924 12 8 
400,000 1,130 440 336 776 384 3,200 3,554 23 7 
750,000 1,485 575 336 911 574 6,000 6,574 43 8 

In order to have accuracy in computations by this method it is 
necessary to have accurate data as follows 

(a) The average annual maintenance cost for each type of surface 
This may be compiled from records of costs of sunilar 
mamtenance 

(b) A reasonably good estimate of the life of each type of surface 
and the cost of replacing it 

(c) The present annual traffic, rather closely estimated and classi­
fied as to type of vehicle 

(d) An estimate of the difference m vehicle-mile cost on the two 
types of road surface, determmed as accurately as possible 

More dependence is to be placed on the difference than on the vehicle-
mile costs themselves The difference should be accurate to less than 
a mill, because a variation of one mill with an annual traffic of 750,000 
automobiles means a variation m annual saving of $750 per mile, 
which overshadows the savmg in road costs 
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The computations also show that tiie saving in annual road cost is 
relatively small in comparison with the saving m vehicle cost, when 
the annual traffic is large, for an annual traffic of 750,000 automobiles 
the saving in vehicle cost is computed to be $6,000 out of a total saving 
of $6,574 Consequently, the economy of changmg to a higher type 
of road surface is mainly dependent upon the amount of traffic and the 
difference in vehicle costs on the different surfaces 

In fact, the saving m road cost on changmg to a higher type of pave­
ment is relatively so small that we may get an approximate economy 
determmation by considering the saving m vehicle cost only Thus, 
if the vehicle cost per mile is 8 mills less on the next higher type of 
pavement, an annual traffic of 400,000 vehicles per year will mean a 
saving in annual vehicle cost of $3,200 per mile of road due to the change, 
and this capitalized at 10 per cent gives a permissible expenditure of 
$32,000 per mile, whereas the change can probably be made for $15,000 
per mile 

The larger the annual traffic, the greater is the justffication for chang­
ing to the next higher type of road surface irrespective of the invest­
ment, or the "cost to construct" the existing road, and to a considerable 
extent u-respective of the annual road cost 

This balancing of the savmg in annual expense agamst the cost of 
making the improvement appears to be applicable particularly to the 
computation of economy for individual projects for the improvement 
of existing highways without taking mto account the additional service 
which may result from an increase in annual traffic on a section of 
road which is improved or on the highway system of the State Such 
increased service might well prove to be more compelling than the 
saving in vehicle cost only 

No attempt is made to apply this second method to the study of 
state highway systems, for which the first method appears to be appli­
cable with some modifications 

A modification of the committee's formula for annual road cost sug­
gests itself, and that is to compute the interest upon the mvestment 
rather than on the "cost to construct," because the investment prob­
ably can be found from the records of expenditures, and then make 
deductions for assets retired or no longer useful, very much in the same 
way that "fixed investment" is kept for a public utility. 
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T I V E R E S I S T A N C E A N D A L L I E D P R O B L E M S 

W E L A Y , Chairman 

Professor of Mechanical Engineering, University of Michigan 

F U R T H E R T R A C T I V E R E S I S T A N C E T E S T S W I T H A GAS 
E L E C T R I C D R I V E A U T O M O B I L E 

B Y RAYMOND G PAUSTIAN 

Junior Highway Engineer, Iowa Engineering Experiment Station 

[In Abstract'] 

Further tests on the gas-electnc drive automobile described at the 
Twelfth Annual Meeting of the Highway Research Board are given 
in this report The equipment and methods used are described in the 
Twelfth Proceedmgs of the Highway Research Board' For these 
tests the Model 314 Cadillac Coach with General Electric gas-electnc 
drive was used with an average weight, mcluding driver and two ob­
servers, of 6300 pounds The tires were 33 by 6 75 mch heavy duty 
balloons, normal mflation 45 lb per sq m , load per tire 1575 pounds. 

Several methods' of measurmg tractive resistance have been de­
scribed To them should be added the method by direct measurement 
used in this mvestigation In this method the magmtudes of the forces 
resisting movement of the vehicle are determined by measuring the 
electncal energy consumed m propelling the car 

A series of runs was first made on a level concrete road surface at a 
uniform temperature of 70°F to determme the amount of power re­
quired to drive the test car at various speeds From these tests it was 
found that the total tractive resistance (roUmg -|- air resistance) could 
be expressed by the formula 

R = 45.0 + 1 6125S + 0 0258758= 

where R = Total tractive resistance 
S = Speed m miles per hour 

The correctness of this formula was verified by a series of deter­
minations of the tractive resistance of the test car by means of the 
"Coastmg Method'" using one, two and three per cent grades The 

' A detailed report of this investigation may be found in a forthcoming Bul­
letin of the Engineering Experiment Station, Iowa State College 

»Tractive Resistance Determinations with a Gas Electric Drive Automobile, 
R G Paustian, Proc Highway Research Board, Vol 12, page 75 

»Air Resistance of Motor Vehicles, W E Lay, Proc Highway Research 
Board, Vol 12, pp 66-75 
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results of these tests were corrected for the effects of weight variation, 
temperature and wind in so far as is possible at present The values 
for various speeds are shown in Figure 1 

Having thus established the accuracy of the determinations the total 
resistance was then separated mto its component parts, rolhng and air 
resistance, by chassis dynamometer tests of rolhng resistance Effi­
ciency curves plotted from the results of the dynamometer tests indi­
cated what percentage of total power at the drive shaft is used m over­
coming roUmg resistance and what amount is available for use m 

I, 

3 

3 a 

—1-

• 'fblues obrained ri-om 
coasiing tests 

\' 

° ' / 
A 7 

A 
> "1 

'A 1 

Speed Miles per- Houi-

Figure 1 Analysis of tractive resistance on a level road surface. Smooth con­
crete surface. Temperature 70°F. 

overcoming air resistance on the road The followmg formulas appli­
cable to the particular car in use were deduced from these tests: 

Rolling Resistance = = 45 + 3 1898" 
Au- Resistance = i2„ = 0 0 0 2 5 A S 1 ( F i g 1) 

where A = projected area of car (28 72 sq ft m this case) 
Havmg these fundamental charactenstics estabhshed, investigations 

were made of power and gasoline consumption on grades, energy con­
sumption on rolhng grades, temperature effects, wmd effects, and tire 
behavior. 
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POWER AND GASOLINE CONSUMPTION ON GRADES 

On ascendmg grades, to the roUmg and au: resistance must be added 
the grade resistance due to the component of the weight of the vehicle 
down the grade. It is equal to 20 lbs per ton of vehicle weight times 

• Cakuloied values 

lO SO JO ao 
Speed, Miles per Hour 

50 

Figure 2. Power requirements on grades Concrete pavement 

the per cent of grade The amount of power requu-ed to overcome the 
grade resistance can be calculated from the formula 

H P = 
n s 

375 

where R = total resistance and S = speed in miles per hour The 
results of tests on individual grades from one to six per cent (Fig 2) 
show exceedingly close agreement between the measured and calculated 
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values of roUing plus air plus grade resistance An mterestmg feature 
of these tests is the mdication that there is a definite relation between 
rate of grade and the speed at which the greatest mileage per gallon 
of gasolme is secured (Fig 3) 

000% Qrade 

X Grade 5.00 X arade 

eo JO 40 
Speed, Miles per Hour 

Figure 3. Gasoline consumption on grades Concrete pavement 

Energy Consumption on Rolling Grades 

In order to secure data related to ordinary driving conditions, tests 
were made over roads havmg series of ascendmg and descending grades, 
thus bnnging m the effects due to momentum The record was secured 
by taking photographs of the instrument panel 

Most of these runs were made at constant throttle openmg although 
data were also secured for constant speed operation and by allowing the 
car to coast down and then ascend at a constant speed (called minimum 
speed) The operation with constant throttle openmgs showed a 
definite increase m speed over that which the same throttle openmgs 
gave on the level surface Constant throttle opening was accompanied 
by constant power consumption u:respective of the road profile 
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A surpnsmg result of the constant throttle opemng was that the 
average amount of power used m travehng over a rolling grade at a 
certam average speed was less than that required to propel the car over 
a level surface at the same speed (Fig 4) 
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Figure 4. Comparison of power requirements on rolling and level grades 

The "constant speed" and "mmrnium speed" runs showed increases 
m power consumption over those used on the zero per cent grade The 
mcrease in the average power used at constant speed may be accounted 
for by the fact that the brakes are used while descendmg and excessive 
power was needed m ascendmg The average amount of power used 
in the minimum speed runs was less than that used at constant speed 
and more than that needed for constant throttle 
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TEMPEBATXJRE E F F E C T S 

The results of the tests mdicate defimtely that power consumption 
increases with decrease m temperature and that the effect increases with 
speed At 45 miles per hour the increase in power caused by a temper­
ature drop of from 57°F to 21°F was 3 75 H P 
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Figure 5 Effects of wind on power consumption 

E F F E C T S O F WIND 

A number of mterestmg runs were made showmg the effects of head 
wmds and tail wmds of various velocities upon power consumption 
Wmd velocities were measured by a pitot-static tube mounted on the 
front of the car and connected with a manometer tube on the instru­
ment panel Typical relations are shown on Figure 5 The differences 
between the curves for runs in opposite directions was due to the fact 
that the course used was not exactly level 
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B E H A V I O R O F T I R E S 

Observations of the relations between speed, grades, tire size and 
tire temperatures under test conditions yielded some interesting facts 

The diameters of the tu-es increased with spe^d, both on level and 
ascendmg grades 

At a given speed the diameters of the rear tu-es were less than those 
of the front tu-es On a level road the rear tire diameters mcreased 
0 3 5 in and front tu-e diameters mcreased 0 41 in while acceleratmg 
from 0 to 50 miles per hour 
• Tire temperatures were measured with a special thermometer set 
in a protective case within the mner tube 

The temperature withm the tire rises rapidly after the car has run 
a short distance and contmues to rise until a maximum for the speed 
IS reached Rear tire temperatures are considerably greater than those 
of front tires A close relation between tire and air temperatures was 
also noted 

For the particular tu-es used in these tests the followmg relations 
prevailed • 

Front Tire Temperature = Air temperature (Deg F ) + 8 
+ 0 2 2 tunes speed (m p h ) 

Rear Tire Temperature = Air temperature (Deg F ) + 18 
+ 0 33 tunes speed (m p h ) 

It was also noted that the tire temperatures were sensitive to the 
difference between sunlight and shade 

D I S C U S S I O N 
ON 

T E S T S W I T H A G A S ^ E L E C T R I C D R I V E A U T O M O B I L E 

M R F L A V I S , Consulting Engineer, New York The observations of 
these tests confirm those made and reported by the late A M Wellmgton 
m his "Economic Theory of Railway Location" a good many years 
ago to the effect that, withm certam Irniits, rollmg grades had practically 
no effect on the costs of tram operation 

It is evident that rolling grades on highways which do not affect 
costs of operation may be much more pronounced both as to length 
and steepness of gradients than those of railways The limits on rail­
ways are, of course, those descendmg gradients which requu-e the use 
of brakes, or where the additional effort required on ascending gradients 
IS not balanced or nearly so by power saved on descendmg gradients 

In the studies' made in connection with the design of Route 1 Ex­
tension, now Route 25, of the New Jersey State Highways, the assump-

' Highways as Elements of Transportation, Transactions Am Soc C E 
Vol 95, p 1020 (1930) 
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tion was made that withm certam limits rolling gradients had no effect 
on costs of operation of the vehicles using the highway We had then 
no facts or experiments on which to rely so we were obliged to make 
an arbitrary rulmg Mr Paustian's tests now carry our knowledge a 
little further 

M R T C SMITH I noticed that wmd resistance was made a function 
of cross-sectional area, but that there was no factor with regard to 
stream-linmg What does that area mean' 

M E P A U S T I A N The area referred to is the projected or cross-sectional 
area of the car The effect of stream-lming will show up m the value 
of the constant, K, used m the equation for air resistance For our 
test car, this value is 0 0025, for a car that is more stream-lined, there 
will be a corresponding lower value of the constant 

S K I D D I N G C H A R A C T E R I S T I C S O F R O A D S U R F A C E S 

B Y R A MoYER' 

Associate Professor of Highway Engineering, Iowa State College 

SYNOPSIS 

The coefficients of friction of rubber tires on various road surfaces 
both wet and dry were measured for both straight ahead and sideways 
skidding at speeds of from three to forty miles per hour An ingeni­
ous special integrating dynamometer was designed for measuring the 
skidding forces 

Tests were run upon 25 different types of surfaces, including 
asphalt, tar, road oil, Portland cement, brick, gravel, cinders, asphalt 
plank, steel plates, wood plank, and mud on concrete In general a 
marked decrease in coefficient of friction was noted with increase in 
speed although the reverse was true in the case of the gravel and 
cinder surfaces It was found that the coefficients at three to five 
mile speeds are not indicative of the values at the higher rates of 
speed 

Typical of the data observed in these tests are the following coeffi­
cients of friction on various wet pavement surfaces for skidding 
straight ahead at thirty miles per hour sandstone rock asphalt 0 59 
to 0.77, sheet asphalt 0 47 to 0 63, bitulithic 0 50 to 0 63, asphaltic 
concrete 0 65 to 0 60, asphaltic retread 0 40 to 0 51, road oil mix 0 35 
to 0 50, penetration macadam 0 20 to 0 28, repressed brick with grout 

' The project covered by this report is a continuation of the program of high­
way research initiated 14 years ago by Dean T R Agg at Iowa State College 
By tests made m 1923 and 1927 fundamental facts concerning the coefficients of 
friction of tires on road surfaces were established However in view of the 
changes in tires, road surfaces and traffic conditions further studies were begun 
by Professor Moyer two years ago Mr Earl AUgaier and Mr Donald Berry, 
to whom much of the credit for the success of this project should be given, as­
sisted the author throughout most of the work 
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filler 0 35 to 0 48, vertical fiber brick with asphalt filler 0 38 to0 52; 
Portland cement concrete, rough finish 0 37 to 0 48; portland cement 
concrete, smooth finish 0 40 to 0 46, medium hard tar macadam 0 66 
to 0 47, oiled gravel 0 45 to 0 46, untreated gravel 0 68to0 71. (The 
first figure in each case is for smooth tread tires, the second for non-
skid treads ) A distinguishing characteristic of the bituminous 
pavements that showed the greatest resistance to skidding was the 
"sand paper" texture of the surface From a theoretical analysis it 
IS deduced that to be reasonably free from the danger of skidding a 
road surface when wet should have a straight skid coefficient of 0 4 
or higher at forty miles per hour and a static or side skid coefficient 
of 0 5 or higher at thirty miles per hour Although an attempt was 
made to select representative surfaces m typical condition, the re­
sults reported in this paper apply only to the ones tested and it 
should not be assumed that the results of tests on a particular surface 
are typical of all surfaces in that class 

Many tests are also reported showing the effects of tire pressure, 
wheel loads, type of tire tread and temperature 

There are three distmct forms of skidding on roadway surfaces, (1) 
straight skidding in the direction of travel with the wheels locked, (2) 
impendmg skidding, which is a modified form of straight skidding in 
the direction of travel with the wheels just at the pomt of complete 
slidmg, and (3) skidding sideways in a direction normal to the line of 
travel. The first form is encountered when brakes are apphed suddenly 
causing the wheels to lock and slide The second form is obtamed by 
applying the brakes gradually to the pomt where the wheels are still 
turning but where skidding is immment The third form is encountered 
on curves that are not superelevated enough for the speed at which 
the vehicle is traveling, or when passmg other cars on tangents 

The relationship between the three forms is best expressed in terms 
of the coeflScient of friction, which is, the ratio of the force causing the 
tires to skid to the load on the tires If a large force is necessary to 
cause the tires to skid the coefficient will be large, but if the force is 
small the coefficient will likewise be small The straight skid coeffi­
cient of friction, generally referred to as the kinetic coefficient of friction 
by writers on mechanics, is obtained when shding takes place m the 
line of travel The coefficient referred to as the static coefficient by 
writers on mechanics, is that obtained by appl3ang the brakes gradually 
to the point where skidding is impendmg in the Ime of travel The 
side skid coefficient of friction is obtained when the tires are skidded 
sideways 

T E S T METHODS AND E Q U I P M E N T 

The nieasuiements of the coefficients of friction were made on road 
surfaces as nearly as possible under the conditions encountered by 
traffic Since the power requirements for towing a full sized car would 
greatly restrict the field for testing, a two-wheel trader test umt was 
so constructed that it could be used interchangeably for the three 



Figure 1. Arrangement of Equipment for Straight Slcid Tests 
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forms of skidding Provision was made for varying the total load on 
the trailer from 630 to 1630 pounds However, as a result of a study 
of the effect of variations in the weight of the trailer on the coefficient 
of friction and because of the ease of operation of the trailer using a 
light load, a standard gross load of 830 pounds was adopted With 
this load it was possible to run tests satisfactorily and safely at speeds 
ranging from 3 to 40 miles per hour 

Since wet surfaces provide the most common dangerous skidding 
condition, a water tank and sprinkling system were mounted on the 
high-speed truck which towed the skiddmg trailer The surface was 
sprinkled directly in front of the test trailer Whenever the occasion 
presented itself, tests were run during and following rams 

To measure the skidding forces in the line of travel, the trailer was 
connected directly behmd the towing truck (Figs 1 and 2) The 
tongue of the trailer was supported in a rocker arm mamtained m a 
vertical position during the tests to eliminate the possibihty of trans­
mitting the horizontal pulhng force from the truck to the trailer in any 
way except through the dynamometer The trader was eqmpped 
with Bendix self-energizmg mechamcal brakes which were operated 
manually by means of a long brake lever convemently located near 
the observer's seat on the truck Provision was made for a quick and 
easy method of adjusting the brakes and no difficulty was experienced 
in locking the wheels However, at first when running tests for im­
pending skiddmg, it was found that umform braking distribution could 
not be mamtamed between the two wheels, partly due to the inequahty 
in the braking force on each wheel and partly due to the differences in 
ture treads and road surface conditions To obviate this difficulty, 
the gears in the differential housing were cut square and a locking device 
inserted, formmg, in effect, a single axle 

In measurmg the side skid forces, the trailer was connected to the 
towing truck in a position (Fig 3) such that the longitudinal axis of 
the trailer made an angle of about 15 degrees with the line of motion 
of the towing truck The 15-degre'e angle was selected on the basis of 
tests in which it wascfound that the coefficient reached a maximum 
value at an angle of about 12 degrees and remained constant for angles 
of inchnation up to 30 degrees, the maximum at which tests were run 
The integrating dynamometer was connected in line with the axle of 
the trailer and measured the force which caused the wheels to skid 
sideways As the towmg truck moved forward, the trailer wheels 
rolled forward with a side skid motion, the trailer tending to swing 
into the direction of travel of the tow truck, thus simulating the action 
of a car skidding on a curve 

The most important piece of equipment developed in this investi­
gation was the integrating dynamometer (Fig 4) Considerations 
govermng its design were that (1) the dynamometer should be simple 
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and lugged in construction, capable of withstanding considerable abuse, 
and easy to attach to the trailer and tow car, (2) the human equation 
in reading or measuring the forces should be ehminated as completely 
as possible, (3) it should measure accurately to within 10 pounds, 
forces ranging from 100 to 2,000 pounds, (4) the forces should be meas-
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Figure 3. Arrangement of test equipment used for determining the coefficient 
of friction of tires on road surfaces when skidding sideways. 

ured directly to ehmmate the possibihty of lag or the setting up of 
mertia in any part of the dynamometer, (5) it should be possible to 
calibrate the dynamometer under conditions of loading similar to that 
obtained during field tests, and (6) the making of frequent field checks 
of the cahbration was desirable 

The integrating device designed for use with the integratmg dynamom­
eter consisted of a rotating fibre disc and two revolution counters 
The fibre disc was mounted at a fixed distance from one side of a 



128 HIGHWAY RESEARCH BOARD 

Kohlbusch dynamometer spring. One of the revolution counters was 
geared to the disc and recorded its revolutions to the nearest tenth of a 
revolution. The disc was rotated at a constant speed by a motor 
drive (Fig. 4 ) . Another revolution counter, which served as the force-
distance integrator, was fastened to the other side of the dynamom­
eter spring and recorded the revolutions of a small steel wheel driven 
by friction on the fibre disc. When pull was apphed to the dynamom­
eter, the steel wheel moved toward the center of the disc, and turned 
with fewer revolutions in proportion to the number of revolutions made 
by the disc. The quotient obtained by dividing the number of revolu-

Pynamorrieter Spring 

rorce-dtsrani:e 

&3raring Pise ffsvo/ur/on Cocinrer 
K) Measure Iravel 
or disc 

Figure 4. Integrating Dynamometer and Dynamometer with Motor Drive 

tions of the disc by the number of revolutions made by the steel wheel 
was a measure of the pull transmitted bŷ  the dynamometer. 

A typical cahbration curve is shown in Fig. 5. A useful field check 
on the calibration of the dynamometer was obtained by checking the 
quotient for zero pull after each series of tests and as frequently as 
six times a day. At first, some difficulty was experienced in keeping 
the steel wheel from shpping on the disc. This source of error was 
eliminated by sUghtly roughening the edges of the steel wheel. The 
field calibration for zero load served as a valuable means for detecting 
slippage at this point. Laboratory calibrations were made at least 
once every two weeks during the period when tests were run. The 
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remarkable consistency of cahbration and field results indicated the 
ruggedness and dependabihty of the dynamometer. 

All of the tests were run at uniform speed, on a smooth level stretch 
of road, preferably, when traffic permitted, m the center of the road 
to obviate the effects of crown, and also where no change m the surface 
condition could be observed From two to four runs were made in 
each direction at speeds of 3, 5, 10, 20, 30, and 40 miles an hour. In 
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Figure 5. Calibration Curve for Integrating Dynamometer. October 28, 1933 

a typical test run on a wet surface, the course was given a preliminary 
sprinkhng and the trailer was then brought into position to start the 
run The two counters were read and the signal to start the run given 
A signal from the driver of the tow truck indicated when the desired 
test speed was reached The observer then started the dynamometer 
motor, and after skiddmg the tires over 50 to 150 feet of road surface, 
depending on the speed at which the test was run, shut off the motor 
and signaled the driver to stop The readings on the counters were 
again taken. The quotient of the differences in the two readings was 
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the measure of the average pull transmitted by the dynamometer for 
the duration of the test. 

Although it is desirable to know the maximum and minimum skidding 
forces, the most satisfactory basis for comparing the skidding character­
istics of road surfaces is on the basis of the average coefficients of 
friction. In previous tests the vibrations set up in the trailer during 
the tests were generally responsible for fairly large variations in the 
magnitude of the skidding forces. The average pull measured by the 
integrating dynamometer eliminated, for all practical purposes, the 
effect of these vibrations. 

All of the tests in the comparison of road surfaces were made with 
popular brands of new tires, 19 by 4.75 inches, of the open tread design 

Figure 6. Tires used in Skid Tests 

and similar tires with treads worn smooth. A tire pressure of 35 pounds 
per square inch was maintained during the tests. 

To determine the effect of tire size and tread design on the coefficient 
of friction, tests were run with three sizes of tires, 16 by 7.00 inches, 
open type treads, 15 by 7.50 inches, closed type tread, and 19 by 4.75 
inches, closed type tread (Fig. 6). This series of tests was also made 
with both new and smooth treads. 

The relation between the percentage of slippage of the trailer wheels 
and the coefficient of friction when the braking force on the trailer was 
increased by uniform increments to the point at which continued sliding 
in the direction of travel could be maintained was determined by special 
apparatus. 

Revolution counters which could be read to one-tenth of a wheel 
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revolution, were mounted on the hubcap of the right wheel of the trailer 
and the right front wheel of the tow car The counter units were sus­
pended in such a manner that they remained stationary as the wheels 
revolved The counter on each umt was fastened to one end of the 
lever arm and held in contact with the hub of the wheel by a coil spring 
An electromagnet was used to disengage the counter The electro­
magnets of the two umts were wired in series so that the counters could 
be started and stopped at the same time 

An ordmary tire gauge, cahbrated with a standard pressure gauge, 
was used for measurmg tire pressure 

Pavement temperatures were measured with a specially constructed 
mercury thermometer, fitted into a small rubber cup and placed in 
direct contact with the road surface Tire temperatures were measured 
by inserting the bulb of a mercury thermometer mto the tire tread, 
shieldmg it from air currents with a heavy felt pad. 

In the early stages of the test work, a Chrysler sedan was used as a 
tow car However, to meet the reqmrements for sprinklmg the surfaces 
and to provide the power necessary to run tests at high speeds, a high 
speed 2 | ton Graham truck, was used 

C A L C U L A T I O N O F T H E C O E F F I C I E N T S O F F R I C T I O N 

The coefficients of friction can readily be computed from formulas 
based on consideration of the forces acting on the trailer In the 
straight skid tests the forces acting on the trailer are shown m Fig 7 
The weights were placed in fixed positions so that the trailer was in 
balance during normal operation on a level surface The frictional 
force of the tires on the road surface caused a transfer of part of the 
weight of the trailer from the wheels to the point where the tongue of 
the trailer was fastened to the tow car This weight transfer is repre­
sented by the force T in Fig 7 By taking moments about the point 
of contact of the tires and the road surface, the relation between T 
and the pull (P) transmitted by the dynamometer is obtained 

60 

The coefficient of friction for straight skidding, and also for impending 
skidding, can then be computed by means of the following formula 
based on the definition of the coefficient of friction: 

/ = 
W - 0 283P 

Since the pull of the dynamometer in the side skid tests was appbed 
at a pomt about 24 inches above the road surface, a weight transfer 
from one wheel of the trailer to the other resulted This weight transfer 
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was very similar to that for a car, with a low center of gravity, skidding 
on a curve not sufficiently superelevated However, since the entire 
weight of the trailer was earned by the two wheels, the coefficient of 
friction for skidding sideways is obtained by dividing the pull measured 
by the dynamometer by the total weight of the trailer: 

The relationship between the coefficient of friction and the pull 
measured by the dynamometer in the various types of skid tests is 
shown graphically in Fig 8. 

R E S U L T S OP T E S T S 

Probably the most important phase of this investigation was the 
deterrmnation of the skiddmg characteristics of 25 representative road 
surfaces Since wet surfaces are the most hazardous type ordmarily 
encountered, a majority of the tests were run on wet surfaces For 
comparison, however, tests were also run on eight representative dry 
surfaces 

Four series of tests were run on each surface, straight skiddmg with 
new tread and smooth tread tires, and skiddmg sideways with new tread 
and smooth tread tires These tests provided data for a critical analysis 
of the skidding characteristics of the surfaces and also, since the rela­
tive standmg of the surfaces in all four tests was not altered materially 
served as a valuable check on the test methods The tests were run 
dunng June, July, and August, when the changes in air temperature 
at the time of testmg were not great enough to require corrections in 
the coefficients 

The coefficients of friction for the 25 surfaces when wet are shown in 
Figures 9a, 9b, 10a, 10b, 11a, lib, 12a, 12b. The key for the surfaces 
m these figures is given in Table 1. It should be observed that the letter 
in the key mdicates the type of surface, that is, A for asphaltic and road 
oil surfaces, B for brick, C for concrete, etc. 

An examination of the curves will disclose a wide range of values 
for the coefficients of friction for the various surfaces and a marked 
decrease in coefficient as the vehicle speed increases. Only in the case 
of gravel and cinder surfaces is a definite increase m the coefficient 
obtained with an increase in speed. In these cases the wheels plow 
into the gravel or cmders as the skid progresses, thus providing mecham-
cal resistance m addition to frictional resistance. The change in coeffi­
cient of friction due to changes in speed was more marked in the case 
of some surfaces than in others It is now evident that the coefficients 
for low speeds are not a true indication of those for the higher speeds 
This IS best illustrated in the case of the penetration macadam surface 
which has a relatively high coefficient at 3 miles per hour and a danger-
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ously low coefficient at 40 miles per hour In practically all the curves 
there is a definite flattemng out with an increase in speed, and the trend 
for all of the surfaces seems to be fairly well estabhshed 

A surprising feature of the tests on wet surfaces was the results ob­
tained in the tests on black top surfaces The coefficients obtained on 
the high type asphaltic surfaces were consistently higher than the coeffi-

T A B L E I 

K E Y FOR SURFACES I N F I G U R E S 9, 10, 11, 12 AND 13 

A-1 Asphaltic Concrete, Ames, Iowa 
A-2 Rock Asphalt, Sandstone type, U S 31, S of Kokomo, Indiana 
A-3 Warrenite Bitulithic, Ames, Iowa 
A-4 Sheet Asphalt, Des Moines, Iowa 
A-5 Asphalt Retread, Ind 39, S of Frankfort, Indiana 
A-6 Road Oil Mix, Ind 26, East of Kokomo, Indiana 
A-7 Oiled Gravel, Iowa 60, W of Ames, Iowa 
A-8 Bituminous Mulch Top, Ind 26, E of Lafayette, Indiana 
A-9 Penetration Macadam—with soft seal coat Ind 29, S of Logansport, Ind 

B-10 Repressed Brick with grout filler. Story City, Iowa 
B-11 Vertical Fiber Brick with no excess asphalt filler, Des Moines, Iowa 
B-12 Vertical Fiber Brick with excess asphalt filler, Des Moines, Iowa 

C-13 Portland Cement Concrete, rough finish, U S 30, W of Ames, Iowa 
C-14 Portland Cement Concrete, smooth finish, U S 65, N of Des Moines, 

Iowa 
C-15 Portland Cement Concrete, rough finish, Ind 22, E of Kokomo, Indiana 

G-16 Untreated gravel. County Road, S of Ames, Iowa 
G-17 Cinders, Ames, Iowa 

A P -18 Mineral Surfaced Asphalt Plank, U S 34, W of Fairfield, Iowa 
A P -19 Fine Aggregate Type Asphalt Plank, U S 6, W of Atlantic, Iowa 

W P -20 Maple Hearts Wood Plank, Iowa 3, E of Clarinda, Iowa 

S P -21 Steel Traffic Plates, 13th St Bridge, Ames, Iowa 

M C -22 Mud on Concrete, Ames, Iowa 

T-23 Ohio Tar Macadam, Ohio 11, E of Eaton, Ohio 
T-24 Ohio Hard Tar Surface Treatment, Ohio 4, N of Middletown, Ohio 
T-25 Ohio Medium Tar Surface Treatment, Ohio 123, S of Franklin, Ohio 

cients on any of the other types tested This was especially true for 
the sheet asphalt, rock asphalt, and asphaltic concrete surfaces While 
runmng the tests, it was apparent that the "sand-paper" finish on these 
surfaces was partly responsible for their high resistance to skidding 
There was also a defimte indication that the hardness of the asphalt 
and tar binders was responsible for the higher coefficients for the as-
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phaltic, road oil, and tar surfaces In the tar surfaces, the highest 
coefficients were obtained on the high type tar macadam surface shghtly 
lower coefficients were found for the hard tar surface treatment, and 
the lowest coefficients occurred with the medium tar surface treatments 
It IS interesting to note that the rough-textured "non-skid" finish on 
the medium and hard tar surfaces did not provide as high a coefficient 
as the comparatively fine textured finish of the old tar macadam The 
rough-textured "non-skid" finish in the asphalt retread surface did not 
raise the coefficient materially over the road oil mix type which had a 
finer surface texture The coefficients of all of the so-called "non-
skid" surfaces were lower than the coefficients for the rock asphalt 
surface which had a fine "sand-paper" fimsh It would appear reason­
able to conclude then that the rough, coarse-textured "non-skid" fimsh, 
frequently placed on asphalt and tar surfaces, is not necessary for high 
resistance to skidding A "sand-paper" fimsh with a relatively hard 
asphalt or tar binder should serve equally well and should reduce the 
excessive tire wear generally attributed to the "non-skid" type of 
fimsh. 

However on certain types of low cost bituminous roads where a 
tendency has been observed for the bitumen to flush to the surface 
under the action of traffic, the use of a modified form of the coarse 
texture type of non-skid surface, may be advisable The use of soft 
asphalts, soft tars or hght road oils and the lack of control of the amount 
of bitumen usual in these types makes the transition from the "sand­
paper" fimsh to a smooth shppery surface relatively easy By using a 
modified form of non-skid finish in which the size of cover stone is 
limited to one-half inch maximum, this transition should be made more 
difficult without undue increase in tire wear 

Although the highest coefficients for wet surfaces were obtained on 
high type asphaltic surfaces, the coefficients obtained on the asphalt 
penetration macadam with soft seal coat and the fine aggregate type 
asphalt plank were among the lowest coefficients measured A main­
tenance patrolman reported frequent skidding accidents on the pene­
tration macadam when wet This report checks with the findings of 
these tests It is interesting to observe that by providing a mineral 
surfacing on asphalt plank, the coefficients of friction were raised to 
the values obtained for wet portland cement concrete surfaces 

The three types of wet portland cement concrete surfaces had the 
most consistent coefficients among the surfaces tested It should be 
noted, however, that the coefficients for wet concrete were 15 to 40 per 
cent lower than for the wet high type tar and asphalt surfaces tested 
The concrete surfaces in Iowa, also in Indiana, with the rough fimsh 
were still relatively new The surface with the smooth fimsh had been 
in service for about 12 years The coefficients for similar test conditions 
on these surfaces varied only within very narrow hmits, and the results 
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for the three surfaces are represented by the same curve in Figures 9a, 
10a, 11a, and 12a 

Sf-ZI or MC-€Z 

Straight skidding 
Mfe/ surfaces 
Neyy tread, 19 "4 75 tires 

JO 15 <fC <f3 30 
Speed, tulles per Hflur 

Figure Oa. Coefficients of Frict ion of Tires Skidding Sideways on Wet Surfaces . 
New Tread T i r e s . See Table I For K e y to Surfaces . 

The coeflacients for the brick surfaces when tested wet were shghtly 
lower than those obtained for the wet portland cement concrete sur­
faces The coefficients for the three wet brick pavements were from 
10 to 20 per cent lower in the straight skid tests and 40 to 50 per cent 
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lower m the side skid tests than the coefficients for similar conditions 
of tests on the wet high type asphaltic pavements As in-the case of 
the tests on concrete, the results of tests on the brick were quite con-

Ol 

od 

— 

> ' 

Skidding sideways 
Wet surfaces 
Smooth tread, 19 "4 75 fires 

lO /5 20 Z5 30 
Speed, Miles per Hour 

35 

Figure 10a. Coefficients of Friction of T i r e s Skidding Sideways on Wet S u r ­
faces. Smooth T r e a d T i r e s . 

sistent It is of interest to note that the coefficients for the brick with 
excess filler were for the most part shghtly higher than the coefficients 
for the grout filled brick and the vertical fibre brick with no excess filler 

The joint filler used on the brick pavement with excess filler consisted 
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of a fairly hard asphalt with a penetration of 40 to 60 at 25° C , 100 g , 
5 sec. Extraction tests indicated that the material on the surface con­
tained about 45 per cent asphalt, 35 per cent sand, and 20 per cent 

JO 

o&\ 

08 

i 
^04 

03 

o I 

0.0\ 

'"'"t̂ —r /e ' • 

^ 

0 o 

/ 

Skidding sidevmys 
Wer surPaces 
New Tread, 19x4 73 Tinea 

Skidding sidevmys 
Wer surPaces 
New Tread, 19x4 73 Tinea 

lO 15 ZD 23 30 
Speed, Miles per Hour 

35 40 

Figure l l a . Coefficients of Friction of T ires Skidding Straight Ahead on Wet 
Surfaces. New T r e a d T i r e s . 

nuneral filler passing a 200 mesh sieve Such a mixture has some of the 
characteristics of a sheet asphalt mixture, and since the coefficients for 
the sheet asphalt were consistently higher than those for the brick, 
provides a possible explanation as to why, in this particular case, the 
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brick with excess filler had a higher coefficient than the brick with no 
excess filler. 

/O 

09 

08 

Q6 

I 
03 

0S\ 

Ol 

ao 

Straight skidding 
Wet sur-faces 
Smooth tread, 19 x a 73 tires 

lO 15 SO ^3 JO 
Speed, Miles per Hour 

35 40 

Figure 12a Coefficients of Friction of Tires Skidding Straight Ahead on Wet 
Surfaces Smooth T r e a d T i r e s . 

Steel traffic plates and the hard wood plank bridge floor were prac­
tically as shppery when wet as Iowa mud on concrete It was evident 
when runmng tests on these surfaces that they were dangerous when 
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wet The steel traffic plates had a "non-skid" tread design on a sohd 
steel plate It is possible that an open mesh design with fairly sharp 
edges would improve the skidding resistance of the steel plates Tests 
on wood plank floors covered with a tar or asphalt surface treatment 
indicated that this type of treatment will raise the coefficients to the 
same value obtained for similar surfaces on a macadam base 

Mud on hard pavements is the cause of many accidents The 
placing of gravel, shale, cinders, or crushed rock on the shoulders and 

\Straight A 2 

0.A 

•Side?— 

•STraighT 

New Tread T7res 
Smooth Tread llres 

A I, AephalricConcrere, 
AS,Sandstone eock 

Aaplnatt 

C13 Iowa FC Concrete, 
eough rinish 
J I I 

~ i — \ — r 
.A-7, Iowa Oiled _ 

S rave I 

STralght 

Straight — 

Q I&, Iowa Untreated. 
Oravel 

O 17 Cinders 

B JO depressed $rick, 
Orout ruler 

lo SO 30 4o'o lo eo 30 ado 
speed Miles per hour 

API9, Tine Aggregate. 
Asphalt Flank 
J L 

lO 20 SO 40 

Figure 13b. Same Data as 13a. Skidding Straight Ahead and Sideways on 
Dry Surfaces . 

at the approaches to all hard roads would not only correct a dangerous 
skidding condition, but would provide greater road widths for use in 
emergency passing on shoulders 

The curves in Figures 13a and b show that the coefficients of friction 
for dry surfaces are considerably higher than for the same surfaces when 
wet, except in the case of gravel and cinders which were about the same 
wet or dry As with the wet surfaces the coefficients for a large number 
of dry surfaces decreased with an increase in speed, although the de­
crease was not as marked on the dry surfaces as when the same surfaces 
were wet An increase in the coefficient with an increase in speed was 
observed for the gravel, brick, and asphalt plank surfaces 
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As was to be expected, the coefficients of friction on sleet, ice, and 

snow covered surfaces, with and mthout tire chains, as shown in Fig­

ure 14, were low The tire chains used in these tests were of the stand-

I • -m-i Skidding straight ahead mrh new tread tires 
^ZZZMZZZMZlSkiddino sideways mth new tread tires, /d"^ 73 
Wm^^^^^Skidding straight ahead with smooth tread Tires 
ZZZZZZZZZZZZ^Skidding sideways with smooth tread tires, t^'a 75 

<::oerficient of Friction 
QO Ol 0 3 Od 03 0<S Q7 OS IP 

\ ' / i ' / / y / / i ' / / / / i ' i > y A 

z z a ZZ2HZZZ2 

zzzi 

feZZZ2 

Ezzat 

ẑzzzzz 

E Z 2 

fczzzzza 

ZZZ) 

wet 
concrete 

Vwlthout chains) 

l"packed snow with chains 

I"packed snow without chains 

l"packed snow covered with 
cinders Without chains 

slushy snow without chains 

Light snow on ice with chains 

Light snow on ice without chains. 

Sleet or smooth ice mth chains 

Sleet or smooth ice without chains 

Figure 14 Relation between Coefficients of Friction of Old and New Tires 
with and without Tire Chains on Snow, Ice or Sleet, and Wet Concrete. All 
tests run at a uniform speed of 5 m.p.h. 

ard four-hnk t3T)e with a spacing of about 6 inches between cross chains. 

For this spacing between cross chains, the tires were practically con­

tinuously in contact wth the surface and little opportunity was pro-
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vided to cause the chains to cut into the ice due to the weight of the car 
The results of the tests indicated that while there was a definite increase 
in the coeflBcient of friction when skidding straight ahead, a decrease 
m the coeflScient was observed when skidding sideways That is, the 
standard four-hnk chains improve traction straight ahead but offer httle 
or no protection from skidding sideways on ice or sleet 

{NOTE Since this paper was read tests have been conducted using 
two-link chains with a spacing of about 3 inches between cross chains 
For this type of chain, there are two cross chains under each tire prac­
tically continuously. Under these conditions the chains cut into the 
ice getting the full effect of the weight of the car, thereby raismg the 
coefl5cients to values ranging from 0 30 to 0 40 A sbght mcrease in 
the coeflicient was observed with an increase in speed ) 

COMPARISON O F T H E T H R E E FORMS O F SKIDDING 

An examination of the curves in Fig 15 will show that at the higher 
speeds there was a marked increase in the coeflicients when skidding 
sideways as compared to the coeflScients when skidding straight ahead 
A similar mcrease was observed when skidding was impending as com­
pared to skidding sideways - This same general trend was indicated in 
practically all of the surfaces tested (Figs 11 and 12) A greater pro­
portional decrease in coefficient was observed in the straight skid tests 
than in the side skid tests This difference may be attributed to the 
fact that since in the straight skid tests, the tire, sliding on the same 
tread section heats to the point where the rubber becomes soft and weak, 
and, therefore, it does not have the same resistance to skidding that 
it has in the side skid and skidding impendmg tests where the skiddmg 
is not confined to one spot on the tire tread This point is further sup­
ported by the fact that at low speeds the coefficients for straight skidding 
are frequently higher than the coefficients for skidding sideways and 
for impending skidding 

The relationship between the straight skid coefficients and the static, 
or skiddmg impending coefficients, is best illustrated by an analysis of 
the results in the shppage tests (Fig 16) In these tests on wet con­
crete it was found that the coefficient reached a maximum with a shp­
page of about 18 per cent and then decreased gradually to the value 
for 100 per cent shppage, or continuous shding It is interesting to 
note that with five per cent shppage, a coefficient of about 90 per cent 
of the maximum can be obtained In other words with five per cent 
shppage a braking force equal to 90 per cent of the maximum braking 
force possible can be obtained on wet concrete On wet and dry 
gravel, the action was found to be quite different, and the highest 
coefficients were obtained with tires skidding continuously This can 
be explained by the fact that the tires plowed into the surface when the 
wheels were locked and gripped the road more firmly than when the 
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wheels were turning This characteristic of gravel is further indicated in 
Fig 17 which shows the relationship between the static and straight 
skid coefficients of friction on dry gravel 

V A R I A B L E FACTORS A F F E C T I N G T H E C O E F F I C I E N T O F F R I C T I O N 

One of the most important phases of this investigation was the de­
termination of the effects of the many known variables on the coeffi-
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Figure 18. Effect of Angle of Inclination of Trailer on the Coefficient of Friction 

cients of friction In making tests on the various surfaces, it was neces­
sary to keep the conditions of test constant so that a fair comparison 
between the skidding characteristics of the surfaces could be made 
Considerable care was taken to determine the effects of the variables 
and to arrive at reasonable standards to be used in the comparison of 
road surfaces At least ten variable factors which affect the coefficient 
of friction were considered in this investigation They were, the form 
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of skidding, that is straight skidding, side skidding, or skidding im­
pending, speed, varying the angle of inclination of trailer in the side 
skid tests, load, tire pressure, condition and type of tire tread, moisture 
on the road surface, temperatures, cleanness of the surface, and the con­
dition of the brakes of motor vehicles 

The first two of these variables have been discussed quite fully in the 
comparison of road surfaces A brief discussion of the effects of the 
other variables follows 
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Figure 20 Effect of Tire Size and Tread Design on Coefficient of Friction 
New Tread and Smooth Tread Standard Balloon Tires. Tests on Wet Portland 
Cement Concrete. 

E^ecl of varying the angle of tnchnatton of the trailer The angle 
of inchnation of the trailer was varied from 5 degrees to 30 degrees 
with the line of travel in the side skid tests This was accomplished 
by changing the length of the trailer tongue connection and of the 
dynamometer connections The tongue of the trailer was fastened to 
the truck with a swivel connection and was free to swing into any de­
sired position Care was always taken to keep the dynamometer 
pulhng in line with the axle of the trailer The results of the tests m 
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angle variation (Fig 18) indicated that the coefficient increased rapidly 
up to an angle of about 12 degrees where it reached a maximum and 
remained constant at 30 degrees, the largest angle used in these tests 

Effect of weight variation The effect of weight variation on the 
coefficient of friction was investigated for both straight and side skid­
ding The total weight of the trailer was changed in 200-pound incre­
ments One series was run for each load as the increments of load were 
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Figure 21 Effect of Tire Size and Tread Design on Coefficient of Friction 
New Tread Low Pressure and New Tread Standard Balloon Tires. Tests on 
Wet Portland Cement Concrete 

added and check runs were taken as the weights were removed The 
results of these tests (Fig 19) indicate that a shght decrease in the 
coefficient accompanied an increase in weight The small increase in 
tire contact area accompan3nng the increase in load may have been re­
sponsible for the higher coefficients obtained with the lighter loads 

Effect of tire pressure The effect due to variation in tire pressure 
was very similar to the effect due to weight variation That is, there 
was practically no difference in coefficient observed in the side skid tests 
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and only a slight decrease in coefficients with an increase in pressure for 
the straight skid tests (Fig 19) The same explanation apphes m this 
case as that offered in the case of the weight variation tests 

Effect of condition of tires and type of tire tread Tests were run 
with smooth tread and new tread tires, and with low pressure balloon 
and standard balloon tires In the case of both the standard and the 
low pressure balloon tires, two distinct types of tread were tested, the 

Ql 

Vm Pheaaure Contact Area Tire Size Legend 
35 1b. a.C8s<^ln 19'a 75 Open Tread 
35 Itx 9ZO sq. in 19-a 75 -Closed Tread 

lO IS a> tS JO 
Speed Miles per hour 

J5 

Figure 22 Effect of Tire Size and Tread Design upon Coefficient of Friction 
New Open and New Closed Type Tread Standard Balloon Tires. Tests on Wet 
Portland Cement Concrete. 

open type tread and the closed type tread For the same test condi­
tions the tire with the closed type tread had a greater contact area than 
the open type tread 

The test results showed that the coefficients for the smooth tread 
tires were consistently lower than for the new tread tires for the three 
forms of skidding (Figs 20, 21, 22) This was true even though the 
contact area of the smooth tread tires was about 50 per cent greater 
than that of the new tread tires A possible explanation for the higher 
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resistance of the new tread tires lies in the fact that the new tread tires 
provide more edges which can grip the surface and provide greater 
mechamcal resistance than is possible with the smooth tread tires 

However, when both tires had new treads, the results indicated that 
the contact area was a deciding factor in the coefficient of friction 
This appeared clearly to be the case when comparing the 19 by 4 75 
inch and the 16 by 7 00 inch tires with the same tread design, since the 
coefficients were decidedly higher in the larger tire (Fig. 21) The 
coefficient for straight skidding for the 19 by 4 75 inch tire was lower 
because the contact area of this tire was only about one-half that of 
the larger tire, causing the tire to heat more when shding on the small 
area, therefore, offering less resistance to shding 
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Figure 23 Effect on the Coefficient of Friction of Varying Amounts of Moisture 
on the Road Surface 

It IS interesting to note that the coefficients for the two types of 
standard balloon tires were very nearly the same in all of the tests 
(Fig 22), the small additional contact area in the closed type tread 
having had no noticeable effect 

E^ect of moisture The difference in the coefficients between the 
dry surfaces and wet surfaces was very marked and was discussed in 
connection with the tests on wet surfaces It should be stated here 
that the decrease m the coefficients on wet surfaces especially at the 
higher speeds was no doubt due to the lubricating action of the water 
on the surface At the lower speeds there was greater possibihty for 
squeegee action of the tire on the surface, thus providing more intimate 
contact With an increase in speed, the tires fairly skimmed over the 
surface. 
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There was some question as to the effect of variation in the amount 
of moisture on the surface To determine this effect the surface was 
thoroughly sprinkled before starting and tests were then run at fre­
quent intervals without further sprinkhng The results obtained 
(Fig 23), indicated that a period of 30 nunutes could elapse after the 
surface was sprinkled before a defimte increase in the coefficient was 
observed In some prehrmnary tests a fire hose was used to wet the 
surface There is some objection to this method since it is very hkely 
that the surface is washed cleaner than would be the case durmg the 
average rain Care was taken in wetting the surface with the sprinkler 
to obtain the same surface condition that would exist during a rain 

Effect of temperature Records of air temperature were kept dur­
ing all of the tests Road surface temperatures and tire temper­
atures were measured in a large number of tests A defimte mcrease 
m the coefficient of friction was observed with a decrease m air temper­
ature (Fig 24). This difference was more marked in the side skid and 
static coefficients than in the straight skid coefficients This can agam 
be explained by the effect of the heating of the rubber at the higher 
temperatures In the straight skid tests the temperature of the hot 
spot developed durmg shding was not affected very much by changes 
in air temperature, hence the change in coefficient of friction was not 
noticeable 

Effect of cleanness of surface An extreme case m the determination 
of the effect of cleanness of surface was that of mud on concrete The 
coefficients for this surface condition were all close to 0 2 for practically 
all conditions of test 

Effect of condition of brakes of motor vehicles on the coefficient of 
friction The static (skiddmg impending) coefficient of friction and the 
straight skid coefficient determine the maximum braking force possible 
for these two conditions of skidding on a given road surface. If the 
brakes of the car can provide a braking force greater than the skiddmg 
resistance of the surface, it is quite hkely that in an emergency stop 
one or more wheels will be locked and the tires caused to slide This is 
frequently the case on ice, snow, gravel, and cinders However, the 
results of tests conducted by the author on the condition of the brakes 
of 2,134 cars in 1932 (Fig 25) indicated that the braking effort of the 
average four-wheel brake car was only 51 5 per cent of the weight of 
the car includmg driver and passengers In other words, the average 
maximum braking force of the cars tested was considerably lower than 
the average resistance to stopping which the higher type road surfaces 
could provide, especially in the dry condition 

The 51 5 per cent braking effort, when expressed in terms of the 
coefficient of friction for tires on road surfaces, is equivalent to a coeffi­
cient of 0 515 When the braking effort of a car is as low as this, it 
is not possible to slide any of the tires on high type surfaces unless the 
brakes are out of adjustment Tests of the cars having four-wheel 
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Figure 25. Condition of Brakes of 2,134 Cars Tested in 1932 
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brakes showed that this was frequently the case, since 31 per cent of 
the cars had unsatisfactory braking distribution, that is, greater than 
40 per cent difference between the left and right wheels, either front 
or back It is evident from these tests that poor braking distribution 
IS responsible for many of the skidding accidents, especially those on 
wet surfaces 

T H E O R Y O F S K I D D I N G 

The following theory of skidding is offered as a possible explanation 
of the reasonableness of the results obtained in the weight variation, 
pressure variation, and similar tests The total fnctional resistance 
to skidding is equal to the true fnctional resistance between the two 
surfaces, plus the resistance that results from a mechanical interlocking 
of the tire tread with the road surface This mechamcal resistance is 
brought about by the small particles of rubber interlocking with the 
road surface and shearing off as the tire shdes forward The true fnc­
tional resistance is theoretically proportional to the normal force between 
the two surfaces The mechamcal resistance, however, is dependent 
not only on the normal force but also on the area of contact of the tire 

The contact areas of the tires increase as the weight is increased 
An examination of the records of the tire imprints (Figs 26 and 27) 
shows that the umt pressure between the tires and the roadway surface 
was nearly the same for all the loads tested It is to be expected, 
therefore, that the coefficient for straight skidding should remain fairly 
constant as the weight is increased and it was found by test that this 
was the case 

Conditions are different in the side skid tests The increase m load 
resulted in a greater deflection of the tire laterally in addition to the 
increase in contact area It is possible that the greater deflection of 
the tire with an increase in load changed the nature of the contact of 
the tire with the road surface and thus accounted for the slight decrease 
in the side skid coefficients 

On wet surfaces the squeegee action of the edges in the tread design 
of the new tires provides a more intimate contact of the tire with the 
road surface, which reduces the lubricatmg effect of the water, and 
thereby increases both the true fnctional and the mechamcal resistance 
for the two materials 

At the higher speeds, the coefficients for new tread tires were equal 
to or greater than the coefficients for smooth tread tires although the 
contact areas of the smooth tread tires were approximately twice as 
large as the areas of the new tread tires This result is in conformity 
with the theory set forth above That is, since there is very little 
squeegee action in the case of the smooth tread tires, the same intimate 
contact with the road surface is not provided by the smooth tread tires 
as IS provided by the new tread tires, and, accordingly the fnctional 
resistance of the smooth tread tires should be less 
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F R I C T I O N A L R E S I S T A N C E N E C E S S A R Y FOR P R O T E C T I O N AGAINST 

S K I D D I N G 

In the following analysis, hmiting coefficients of friction which will 
assure reasonable protection against skidding are derived. 

load. 3J0 lb H-essure 75 lb 
Area. I5&d sa in 

Load.ieJOIb leisure. 35 lb 
Area. 15.10 ^ in 

Load.SJOIb Pressure J5 lb 
Area, flyfa sq in 

LoadSJOlb Fl-rssure.SO lb 
Area. 695 sain 

Load. eJO lb Pitssurv. 35 lb 
Area. II ̂  sa. in 

19 "4.73 near tire with open type tread 

Load.a30lb Pressure.35lb 
Area. Sc'Ssa n 

Load. 030 lb f^essure r5 lb 
Area. ^569 sa in 

IpadSJOt PtssureJSIb 
Area. ICi5 sa m 

LoadaJOb fhessure50lb 
Ana. O60 sa in. 

Load.iejO/b nessure.35li 
Area. 19.39 sa. in. 

Load.ieJOIb nessure. 35 lb. Loal.&30lb Fhessure35 lb. 
Area I7!esa m Area. ie.65xi m 

19*4.75 old tire with open type tread rrorn smooth 

Load. S30 b Fl-essure. 75 lb 
Area. Ili. 7& sa In. 

Load.SJOIb Pres5ure35lb 
Area. 3^3 sa in 

Loixl.S30b, Fiessure.50 lb 
Area. 604 sa in 

Load. lejO lb Phessure. 35 lb 
Area. t&dO sa. in. 

Load. 1^30 lb Pressure. 35 lb 
Area. 1^. 7& sg. in 

LoadS30 b Ptessure 35 b 
Ara. 9.C3 sa in. 

19"4.75 nenr tire rrith closed type tread 

Figure 26. Imprints of Standard Balloon Tires Showing Effects of Load and 
Pressure Variations on Contact Areas. The load given under each imprint is 
the total trailer load (two wheels). 

It is possible to cause a car to skid on any road surface, but it is 
recognized that the careful driver will be safe from skidding except on 
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slippery surfaces. The question then arises, what constitutes a slip­
pery surface? 

Lood.670lb Pressure. 75 lb 
Area. ^(".75 sa in 

Load. S70 lb Pressure. ?0 lb 
Ar ea. 14^5 sa m 

Load 670 lb 
Pressure. 50 lb 
Area. 935 in 

Load.l670lb Pressure, m lb 
Area. sa in 

Load. I^TOIb Pressure. tO lb 
Area ?0 7l sa m 

it700 nevr lire nilh open type tread 

LoadSTOIb Pressure. eO lb 
Area I4d3 sa in 

Load.BTOIb Pressure. 751b 
Area. 31.71 so. in. 

Load. 370 lb Pressure m lb 
Area. ^11^ sa m 

Loai.SK) lb 
Phessm.50b 

Area. It.55 sit m 

Load. kSTO/b Pressure. 30 lb 
Area. 33.11 sa in 

LoadSTO b Pressure 30b 
Area. tll3sqi m. 

I6*7.00 old tire with open type trvad morn smooth 

Load. 1^70lb PhessurtlDb 
Area. 3733 sa m 

Load. 870 lb Pressure. 75 lb 
Area I6S3 sa in Ar,-a 3'JSsa 

Load 1070 lb Pressure. 15 lb 
Area 3190 sa m 

Load. I370 lb fi-essure. 15 lb 
Area. 1797 sa m 

LoaderOb PresstreSO ib 
Area, 007sa m 

Load 670 lb /hsssurv. 15 I, 
Arra IJ<^dsain 

/.5 4 7SO netr tire irlth closed type tread 

Figure 27. Imprints of Low Pressure Balloon Tires Showing Effect of Load 
and Pressure Variations on Contract Areas. The load given under each imprint 
is the total trailer load (two wheels). 

In driving a car on a curve, the tires and road surface must provide 
frictional resistance for two distinct purposes, to oppose the centrifugal 
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force which acts normal to the path of the car, and to resist either the 
driving force or the retarding force in the hne along which the wheels 
of the car tend to travel. The force in the hne of travel is subject to 
great variation on the rear wheels since they usually furnish the driving 
and accelerating force for the car, and also deliver a large retarding force 
when the brakes are apphed The force in the hne of travel on the 
front wheels is only subject to the variation caused by the apphcation 
of the front wheel brakes, except when the car has front wheel drive 
The frictional force in the line of travel is relatively high on sharp 
curves because of the large shp angles of both front and rear wheels 
The slip angle is the angle between the horizontal diameter of the wheel 
and the tangent to the path along which the wheel travels 

If the drivmg force on the rear wheel is held equal to the sum of tlie 
frictional resistance due to the shp angle and the tractive resistance 
of the car, the frictional force in the hne of travel on the rear wheels 
(driving wheels) can be practically ehminated. This condition is not 
possible for the front wheels, except m the case of front wheel drive 

In driving from a sharp curve onto a long radius curve the slip angles 
decrease, thereby bringing about a reduction in the frictional resistance 
necessary to counteract the force in the line of travel, and permitting a 
higher safe speed of the car However, at higher speed, there is greater 
air resistance which m part makes up for the loss in frictional resistance 
caused by the reduction of the shp angles 

Therefore, although the frictional resistance at the front wheels m 
the hne of travel on a long radius curve should be less than that on a 
short radius curve, it can still be very large at the rear (driving) wheels 
due either to a large accelerating or braking force and thus can con­
tribute to skidding 

Highway engineers have not been considering the frictional force in 
the line of travel in designing highway curves but have based their 
designs for curves on the requirements for centrifugal force only The 
frictional force which should serve as a basis for the design of curves on 
a given highway is the lesuUant of the frictional force which acts normal 
to' the path of the car and the frictional force which acts in the hne 
along which the wheels tend to travel Tests to determine the possible 
range for the latter force have not been completed, but on the basis 
of the data now at hand, it appears that a side skid or static coefficient 
of friction of 0 5 or greater at a speed of 30 miles per hour (or 0 6 at 
20 miles per hour) is desirable, in order that a useful coefficient of at 
least 0 3 to 0 4 will be available to counteract centrifugal force Thus, 
a wet surface with a static or side skid coefficient of 0 6 at 20 miles per 
hour should provide a coefficient of at least 0 4 to counteract centrifugal 
force and at the same time it should provide a coefficient of at least 0 45 
to counteract the driving or retarding force in the hne of travel of the 
wheels of the car [(0 6)̂  = (0 4)^ + (0 45)̂ ] Under these conditions it 
should be possible to turn a 50-foot radius street corner safely at 20 
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miles per hour under fairly severe driving conditions, such as increasing 
speed or moderate braking 

On through highways a minimum radius of curvature of 1,000 feet 
with superelevation of one inch per foot, is standard in many states 
I he maximum safe speed on such a curve on a road surface which can 
provide a useful coefficient of friction of 0 3 to counteract centrifugal 
force, is 75 miles per hour This should be provided by a surface with 
a static or side skid coefficient of 0 5 at 30 miles per hour (about 0 36 
at 75 miles per hour), which should also provide a coefficient of 0 2 to 
counteract the driving or retarding force at that speed [(0 36)^ — 
(0 3)2 + (0 2)̂ ]̂ For through highways, therefore, surfaces with static 
or side skid coefficients of 0 5 or higher at 30 miles per hour may be 
considered reasonably safe 

Skidding on curves can be prevented to a large extent by a careful 
driver since he generally receives and recognizes a fairly clear warmng 
signal before skidding starts In driving on curves at a speed for which 
a coefficient of 0 1 was required to counteract centrifugal force, it was 
found that a bhndfolded passenger could not sense clearly when the 
car was on the curve and when on the tangent By increasing the 
speed to the point where this coeflBcient was increased to 0 2, the pas­
senger could clearly sense the curve and some discomfort was experi­
enced But when the speed was increased to the point where a coeffi­
cient of 0 3 was necessary to counteract centrifugal force, a decided 
side pitch force was encountered both by the driver and the passenger 
This side pitch was distinctly uncomfortable and should serve as a 
warnmg to reduce speed 

SAFF STOPPING DISTANCE 

The brake tests on the 1,919 four-wheel brake cars indicated that it 
should be possible to lock one or more wheels of 80 per cent of the cars 
on a surface with a straight skid coefficient of 0 4 or less With one or 
more wheels locked on a tangent, a side skid is likely to develop which 
may be harder to control than the side skid on a curve However, if a 
surface can provide an average straight skid coefficient of 0 5 over the 
entire range of speed in which the car is being stopped, it should be 
possible to stop a car with four-wheel brakes at a rate of 16 feet 
per second per second Although in an emergency it may be neces­
sary to stop at such a rate or even faster, it should be recognized that 
this is a stopping rate close to the limit for the comfort and safety of 
the occupants of the car, since each occupant must resist being thrown 
forward by a force equal to one-half his weight While such a rate of 
stopping might be considered desirable on dry surfaces, many drivers 
would hesitate to stop at that rate on a wet surface It appears then 
that surfaces which can provide a straight skid coefficient of 0 4 or 
higher at 40 miles per hour when wet can be considered to be reason­
ably safe from skidding. 
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S U M M A R Y 

The results of this investigation may be summarized as follows 
1 A marked decrease in the coefficient of friction as speed of car 

increased was observed on all wet surfaces tested, except the gravel 
and cmder surfaces for which a slight increase in the coefficient was ' 
observed with an increase in speed 

2 The same characteristic was observed on dry surfaces, although 
the decrease m coefficient was at a much lower rate and an increase in 
the coefficient with an increase in speed was observed not only on gravel 
but also on brick and asphalt plank surfaces 

3 The coefficients of friction for the wet bitummous surfaces covered 
a wide range of values The coefficients for the wet high type asphaltic 
and tar surfaces were consistently higher than the coefficients for the 
other wet surfaces tested However, unusually low coefficients were 
also obtamed on bitummous surfaces, especially on the wet penetration 
macadam with a soft seal coat 

4 The coefficients of friction increased with an increase in the hard­
ness of the asphalt or tar binder used m the bituminous surfaces 

5 The coefficients for the wet rock asphalt surface with the "sand­
paper" fimsh were higher than for the wet asphalt retread with the 
rough coarse textured "non-skid" surface 

6 The coefficients for the wet portland 'cement concrete surfaces 
were 15 to 40 per cent lower than for the wet high type asphaltic sur­
faces The results for the concrete surfaces were remarkably consistent 
even though the fimsh was different in each of the three surfaces tested 

7 The relative resistance to skiddmg for wet surfaces, starting with 
the surfaces with the highest resistance was as follows, high type as­
phaltic pavements, tar macadams, asphalt retread and oiled gravel, 
untreated gravel, portland cement concrete, imneral-surfaced asphalt 
plank, brick, asphalt penetration macadam with soft seal coat, fine 
aggregate type asphalt plank, steel traffic plates, hard wood plank, 
mud on concrete or other hard surface, and snow, sleet, and ice covered 
surfaces 

8 The standard four link tire chams increased the skidding resistance 
of sleet covered surfaces when skiddmg straight ahead but reduced the 
resistance when skiddmg sideways (In recent tests using two Imk 
chains on ice, coefficients ranging from 0 30 to 0 40 were observed ) 

9 In the tests on wet surfaces at 30 miles an hour, the straight skid 
coefficient was 10 to 20 per cent lower than the side skid coefficient 
for the same surface Under similar conditions the static and side 
skid coefficients were approximately the same However, for the low 
pressure balloon tires, the static coefficients were 10 to 30 per cent 
higher than the side skid coefficients on the wet high type surfaces 

10 On untreated gravel the static coefficients were about 10 per 
cent lower than the straight skid or side skid coefficients. 
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/ f j / j A Pen. /Macadam T33 lar /^ocacfam 

T-24 Hard Tar 
•Surface Treo/men^ 

Tz5 Medium Tar 

d-f/ /cr/ica/r/berBr'/ch 
/Vo Excess /y//er 

B-/2 /erf/co/f}/^erSnck 
£'xcess F/ '//er 

C-/4 /^or//ana/Cemenf C-/5 Pori/ond Cemenf 
Cone refe,Smooth Concmfe, /fough 

Figure 28. Surface Texture of Some of the Pavements Tested 
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/!•//ispho/h'c Concrete 

/^•3 lYorrenife If:;. 
/7-<$ /^oacfO/ '/ M/A 

/1-70ihd Grai^ef /^'6 Bit Hu/ch Top 

Figure 29. Surface Texture of Some of the Pavements Tested 
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11 In the shppage tests on wet concrete, it was found that the static 
coefficient reached its maximum value with a shppage of about 18 per 
cent and gradually decreased in value with an increase in shppage to 
the value for the straight skid coefficient at 100 per cent shppage 
With five per cent shppage a braking force equal to 90 per cent of the 
maximum braking force possible on wet concrete was obtained 

12 A variation in the load on the tires or a variation in tire pressure 
had little effect on the coefficient of friction, only a shght decrease in 
the coefficients having been observed with an increase in load or in 
tire pressure 

13 The same coefficients of friction were obtained for two standard 
balloon tires of the same size but with different tread designs 

14 An increase of approximately ten per cent in the coefficients of 
friction was observed for the low pressure balloon tires when compared 
with standard balloon tires of the same make and with contact areas 
only sixty per cent as large 

15 At the higher speeds, the coefficients for new tread tires were 
equal to or greater than the coefficients for smooth tread tires although 
the contact areas of the smooth tread tires were approximately twice 
as large as the areas of the new tread tires This result is in conformity 
with the theory set forth on page 39 

16 A fairly defimte increase in the coefficient of friction was ob­
served with a decrease in temperature The hot spot on the tire which 
developed at the higher speeds when shding straight ahead was largely 
responsible for the consistently lower coefficients observed in this form 
of skiddmg 

17 The average maximum braking effort of 2,134 cars tested in 1932 
was only 51 5 per cent of the weight of the car, which is equivalent to 
an average coefficient of friction of 0 515, indicating that a majority of 
these cars were not able to take advantage of the coefficients of friction 
which dry surfaces can provide 

18 In driving a car on a curve, the tires and road surface must pro­
vide frictional resistance, (1) to oppose the centrifugal force which acts 
normal to the path of the car, and (2) to resist the driving or retarding 
force in the hne along which the wheels of the car tend to travel 

19 In the design of highway curves due allowance should be made 
for the frictional force in the line of travel in deciding upon the useful 
coefficient of friction to counteract centrifugal force normal to the line 
of travel. 

C O N C L U S I O N S 

1 An important factor in surfaces having high coefficients of friction 
is the presence of gritty particles which give the surface a "sand paper" 
texture Conversely, the glazing or polishing effect of traffic on certain 
surfaces is responsible in part for the decrease in the coefficients ob­
served for these surfaces tested wet 
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2 The coeflScients of friction at speeds of 3 to 5 miles per hour are 
not a true indication of the coefficients at higher speeds 

3 The increase in coefficient obtamed for the tire with the larger 
contact area but with the same tread design substantiates the theory 
that the total frictional resistance for tires on road surfaces is equal to 
the true frictional resistance for the two materials plus the mechamcal 
resistance which increases with the contact area of the tire 

4 On wet surfaces the squeegee action of the edges in the tread 
design of the new tires provides a more intimate contact of the tire 
with the road surface, which reduces the lubricating effect of the water, 
and thereby increases both the true frictional and the mechanical re­
sistance for the two materials 

5 To be reasonably free from the dangers of skidding, road surfaces 
when wet should have a static or side skid coefficient of 0 5 or higher 
at 30 imles per hour and a straight skid coefficient of 0 4 or higher at 
40 miles per hour. 
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SYNOPSIS 

Tests to determine the "Coefficient of Friction between Auto­
mobile Tires and Road Surfaces" were made using a two-wheel 
trailer connected to a towing car through a hydraulic dynamometer 
All runs were made during rainfall, the test speeds were maintained 
throughout the application of the brake, and data were obtained to 
determine the rolling and sliding coefficients of friction Smooth 
and nonskid tires were used and tests were made on portland cement 
concrete, brick and bituminous road surfaces at speeds of five to 
forty-five miles per hour 

Two important trends shown by these tests are That the coeffi­
cients of friction on all road surfaces decrease with increase of speed, 
and that the difference between the rolling and sliding coefficients 
increases with increase of speed These relations are very signifi­
cant from the standpoint of safety 

In these tests the straight ahead sliding coefficients of friction 
between nonskid tread tires and the various wet road surfaces tested 
at thirty miles per hour ranged as follows Bituminous concrete 0 54 
and 0 42, sheet asphalt 0 41, portland cement concrete 0 41, vertical 
fiber wire cut brick whitewashed before application of filler 0 52, 
vertical fiber wire cut brick partially covered with asphalt 0 23, 
repressed brick tar filler (none above surface of brick) 0 35, repressed 
brick partially covered with asphalt filler 0 24 The results quoted 
apply only to the specific surfaces tested and should not be assumed 
to be typical of all surfaces m the various classes 

One of the main factors influencing safety in highway transportation 
I S the abihty of vehicles to stop. Many cities and states have codes 
specifying stopping distances that must be met In 1930 a project 
was undertaken by the Engineering Experiment Station of Ohio State 
Umversity in conjunction with local pobce and automobile club ofl&cials 
to determine the rmmmum stoppmg distance of automobiles and trucks. 
These tests showed that if the brakes are properly adjusted, the car 
will stop well withm the allowable limit, and that the stopping distance 
of any car is dependent upon the type and condition of the road surface 
as well as the condition and pressure of the tires After these con­
clusions had been reached, a second project was begun for the purpose 
of studying these variations with the hope of obtaimng some informa­
tion that would aid in decreasing highway hazards 

Preliminary tests of the coefficient of friction between tires and road 
surfaces were made for an undergraduate thesis at the Ohio State 

169 
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Umversity by R G Kilgore and H N Veley in 1932 A Buick sedan 
was towed by a truck through a hydraulic dynamometer and the in­
crease in tractive effort was measured when the brake was apphed on 
one rear wheel as the car was towed along at a umform speed The 
brake was applied gradually, and when the tire slid the brake was 
released Due to the limited power and speed of the truck, tests were 
made only at five and ten nules per hour The results of these tests 
showed the need of more extensive work on the subject, with equip­
ment that could be operated at much higher speeds 

SCOPE OF INVESTIGATION 

The coefficient of friction between a tire and a road surface at any 
instant is dependent upon many variables, such as 

(1) Road surface 
a type 
b construction 
c condition (oily, wet, dry) 

(2) Speed of operation 
(3) Tires 

a. tread design 
b smooth vs good nonskid surface 
c air pressure 
d contact area 
e material 

The determination of the effects of all of these variables presents a 
rather extensive program This paper presents the results to date on 
a very small part of this outhne, namely, the effects on coefficient of 
friction of different types of wet road surfaces and smooth and non-
skid tires Some testing has been done on dry roads, but smce wet 
roads present the real traffic hazard, the comparisons here have been 
limited to them Tests are in progress on the effects of different tread 
designs and air pressures, but sufficient data are not available for 
presentation at this time 

The present program has been under way since June, 1932, as a 
project of the Ohio Engineering Experiment Station, with the assistance 
of R G. Kilgore, who was granted a two-year Robinson Fellowship 
on the basis of his undergraduate thesis. The scope of the work has 
been hmited because of insufficient personnel, practically no financial 
assistance, due to a radical reduction m the Umversity budget, and 
lack of rain at times when testing could be done It is still hoped that 
much future work may be carried out with portable and stationary 
spnnkhng systems 

APPARATUS 

The apparatus consisted of: a trailer, a hydrauhc dynamometer, a 
recording and controlhng mechamsm and a towing car. 
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The trailer was made from the rear end of an automobile chassis and 
carries a conventional load for the tires used. Only the left wheel of 
the trailer is equipped with a brake. This eliminates the need of 
equalization and permits the determination of both rolling and sliding 
coefficients of friction in the line of travel. The draw bar is attached in 

Figure 1. Test Car and Trailer 

Figure 2. Trailer 

line with the left wheel so as to obtain a direct pull on the test wheel. 
When the trailer is coupled to the towing car, the trailer wheels are off­
set about eight inches from those of the towing car, so that the test 
wheel does not follow the track of the towing car. The original hy­
draulic brake was used on the wheel and was operated by an air booster 
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Figure 3. Hydraulic Dynamometer 

Figure 4. Recording Mechanism 



STINSON AND ROBERTS—TIRES AND ROAD SURFACES 173 

cyhnder supplied from a tank at the rear of the trailer. The brake was 
apphed and released by electrical control from the towmg car. 

Because of the small brake area and the elaborate mechamsm re­
quired to operate the hydrauhc brake, the trailer was recently equipped 
with a Warner electric brake having direct electric control from the 
towing car 

A six-pomt cam was mounted on the shaft of the test wheel This 
cam operated an electric contact every one-sixth revolution of the 
wheel and produced a record of the imtial pomt of shde. 

The hydraulic dynamometer is mounted on the trailer draw bar and 
connects with the rear of the towing car The djoiamometer consists 
of two umts, the dynamometer cyhnder and piston, and the roller-

1/ Fioufe40, £ Main:5f 
'^orf/and Cement Concrete, 

y/ef. so Dag r 
SMPH 

^Base Line 

SLIDE 5- 65 

/fou/e 3Z 
£ of Circkfil/e. 
BricH flspha/f Filled 

Wet -^Oegr 

^Base Line 

Figure 5. Sample Charts 

beanng support The cylinder is bored to a two inch diameter and 
lapped to fit the piston, no packmg or piston rings being used The 
dynamometer liqmd is a 50 per cent mixture of glycerme and alcohol 
The roller bearing support for the dynamometer cyhnder fits around 
the trailer draw bar shaft 

The recording and controUing mechamsm is mounted in the rear 
of the towmg car The brake is controlled through electric switches 
The recording mechamsm consists of a spring-driven phonograph motor 
which carries the recordmg drum Sensitized paper is passed over the 
drum at approximately two inches per second and is re-roUed after 
leaving the drum Two records are made on this drum—the unit 
pressure in the hydrauhc dynamometer, which is recorded by a con­
ventional engine indicator unit, and the instant of shding, which is 
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recorded by a separate stylus operated by the electric breaker points 
on the test wheel shaft A base line is drawn by a third stylus for use 
in analyzing the record 

METHOD OF TEST 

All tests were made during appreciable rainfall, after the dust had 
been washed from the road surface No tests were made durmg the 
initial sprinkling due to the great variation possible, although this con­
dition IS known to be the most shppery obtainable The brake mech­
anism was adjusted to require about two seconds for complete appli­
cation and the resulting sliding of the tire The air pressure in the 
test tire was maintained at 32 pounds per square inch unless otherwise 
specified 

The towing car is driven at the desired test speed When speed 
and road conditions are satisfactory, a signal is given and the operator 
throws the switch which controls the apphcation of the brake, while 
the driver regulates the engine throttle to maintain a constant speed 
As soon as the test tire slides the operator releases the brake With a 
little practice it is quite easy to maintain a uniform speed durmg the 
test At least ten tests are made for each speed in a series, the average 
of these bemg taken as the result 

The test of any road surface was made with the fundamental idea 
of obtaining results representing the average condition of the surface 
The readings were taken while driving continuously over several miles 
of road when available, no attempt being made to test any small section 
of surface The road surfaces tested were m most cases practically 
new and no variation in results could be noted when testing in or out 
of the traffic lanes 

CALCULATION OF RESULTS 

The imtial tractive effort is indicated on the sample charts shown, 
(Figure 5) as the distance above the base hne at the right end of the 
record This hne is extended parallel to the base hne The distance 
above this hne to the maximum height of the curve before shdmg is a 
relative measure of the rolling coefficient of friction while the average 
height of a two inch section of the curve beyond the point of shdmg is 
taken as the measure of the shdmg coefficient This average height is 
determmed from the planimetered area The accompanying cahbra-
tion curve shows the oil pressure and tractive effort for the movement 
of the recording stylus When the net height of the curve is obtained 
from the test chart, the net tractive effort can then be found from the 

T E 
calibration curve The coefficient of friction = ^ _ o 2 T E 

W I S the dead load on the test wheel In this case it was 801 pounds 
A net height on the chart of one mch represented a tractive effort of 

504 
504 pounds and gQi _ 0 2 X 504 = 
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DESCRIPTIONS OF ROADS TESTED 

T-50-D-16 East Broad Street in Bexley This is a petroleum 
asphalt road surface on a concrete base It was completed in October, 
1933. The surface of 1 | inches sheet asphalt (Type D, Ohio State 
Highway Specifications 1933) was built of materials conforming to the 
following specifications 

Sand 

Passing a No 4 sieve 100% 
Passing a No 4 sieve, retained on a No 8 sieve 0-5% 
Passing a No 8 sieve, retained on a No 40 sieve 12-40% 
Passing a No 40 sieve, retained on a No 80 sieve 25-60% 
Passing a No 80 sieve, retained on a No 200 sieve 25-45% 
Passing a No 200 sieve 0-5% 

Biluminoua Material 

Specific gravity 25°C / 25°C , not less than 1 01 
Flash point, not less than 200°C 
Penetration at 25°C , lOOg —5 sec 50 to 60 
Ductility at 25°C , not less than 50 cm 
Lossat l63°C 50 g—5 hours, not over 1% 
Penetration of residue at 25°C , not less than % of original 60% 
Total bitumen (sol in C S 2 ) not less than 99 5% 

No cement was scattered on the machine-fimshed surface 
T-6-40 Hebron to Jacksontown on U S 40 This portland cement 

concrete road was resurfaced with medium texture hot-rmxed, hot-
laid bituminous concrete (Ohio State Highway Specification T-5, Type 
B 1932) The composition of the mixture by weight was as follows 

Passing screen 
or aieve 

Retained on screen Per cent Passing screen 
or aieve or sieve Minimum Ideal Maximum 

i Inch J Inch 0 0 5 
i Inch J Inch 41 48 55 
i Inch No 10 0 5 10 
No 10 No 20 8 12 15 
No 20 No 50 12 10 20 
No 50 No 100 2 9 13 
No 100 0 3 5 

Total stone content retained on No 10 sieve 45 to 55% 

Bitumen 6 5 8 5 

The road was completed in November, 1932 
T-6-22 ' U S Route 22, east of Circleville This is a cold-mixed, 

cold-laid bituminous concrete road which was completed in the autumn 
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of 1932 (Ohio State Highway Specification T-6 Type B, 1932) 
The composition of the surface course was as follows: 

Stone Size No 6 
Coarse Aggregate 67 0 to 89 5 per cent 
Fine Aggregate 5 0 to 25 0 per cent 
Liquefier 0 0 to 1 5 per cent 
Bitumen 5 0 to 8 0 per cent 

BA-40. East Mam Street in Columbus and east of Bexley This 
surface consists of a three-inch, wire-cut vertical-fiber lug brick filled 
and covered with type F-1 asphalt (Ohio State Highway Specification 
Type F-1) The road was completed in November, 1931 Sand was 
placed on the asphalt during the summer of 1932 

BA-23 North High Street, Columbus, between Arcadia and Oak­
land Park Avenues on U . S Route 23 This street was constructed of 
three-mch repressed brick filled and approximately 25 per cent covered 
with asphalt. The paving was completed about 1926 

BA-22 East city limits of Circleville on U S Route 22 Three-
inch vertical-fiber wire-cut lug bricks with asphalt filler (Ohio State 
Highway Specification Type F-1) were used for the surface The 
surface of the bricks was white-washed before pouring the filler so as to 
permit removal of the excess 

BO-23 Between Worthington and Columbus on U S Route 23 
This road was constructed about 1920 and consisted of a repressed 
brick with a grout filler The filler has broken out so that it is about 
one-half mch below the surface of the bricks. The edges of brick are 
badly chipped 

BO-OP. Oakland Park Avenue, Columbus, between High Street 
and Indianola Avenue. On this street repressed brick with tar filler 
gives a surface similar to BO-23 due to the fact that the filler has gone 
down However, the edges of the brick are not broken so as to give a 
rounded surface on each brick 

0-40. U. S Route 40, east from the Columbus city hmits This 
50-foot Portland cement concrete road between Columbus and Reynolds-
burg was completed in December, 1930 Crushed gravel aggregate was 
used in a 1:5.5 nux The surface was machine finished. 

DISCUSSION OF RESULTS 

A typical range in results is shown in Figure 6, for tests of rolhng 
and shding friction of a nonskid tread design tire on a bituminous 
concrete surface The shaded areas show the hmits of variation The 
occasional tests that depart widely from such range hmits can generally 
be traced to a radical change in road surface or other test conditions 

Several sets of tests have been made on some of the test roads to see 
if the results could be duphcated and also to observe the variation of 
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the coefficient of friction with age The only changes noted in the 
tests so far are shown in Figures 11 and 12 between curves BA-22-32 
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Figure 6. Friction Range of Tire H T (Non-skid) on Portland Cement Concrete 
Resurfaced with Bituminous Concrete, Type T5, February 7, 1933. 
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Figure 7. Comparison of Tests on Portland Cement Concrete (C 40), Non-skid 
Tire H T , February 7 and March 13, 1933. 

and BA-22-33 which show the effects of summer bleeding of asphalt. 
Figure 7 shows the agreement obtained on two series of tests made on 
C-40 about one month apart. 



178 HIGHWAY RESEARCH BOARD 

The difference in coefficient of friction between smooth and non-
skid tires was investigated A few tests have been made using two 
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Figure 8 Rolling and Sliding Friction Variation on Bituminous Concrete 
Surface T-S-40. March 3, 1933. Solid Lines, Rolling, Dash Lines, Sliding 
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Figure 9. Rolling and Sliding Friction Variation on Portland Cement Concrete 
Surface, C-40. March 13, 1933. Solid Lines, Rolling, Dash Lines, Sliding. 

designs of nonskid tread and a smooth tire The nonskid tread design 
tires (HT and F R in the figures) have a design consisting of three ribs. 
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Figure 10 Rolling and Sliding Friction Variation on a Repressed Brick Surface, 
Filled and Approximately 25 Per Cent Covered with Asphalt. March 13, 1933. 
Solid Lines, Rolling, Dash Lines, Sliding 
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Figure 11. Rolling Friction on Brick Pavements With Non-Skid Tread Tire H T , 
November 25, 1933. 

BA-22. Vertical Fiber, Wire Cut Lug Brick. Excess Asphalt Filler Removed. 
BA-23. Repressed Brick, Approximately 25 Per Cent Covered with Asphalt 

Filler. 
BA-40. Vertical Fiber, Wire Cut Lug Brick, Covered with Asphalt Filler, 

Sanded. 
BO-OP. Repressed Brick, Tar Filler. 
BO-23. Repressed Brick, Grout Fllled,tGrout Below Surface. 
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The center nb has nonskid patterns on each side while the outer ribs 
have nonskid patterns on the outer edges only. On tire H T the non-
skid edges are normal and parallel to the direction of travel, while on 
the F R tire the edges are at a 45 degree angle Tire E G is worn to an 
abnormally smooth tread The results are shown in Figures 8, 9, 
and 10. 

The roUmg coefficient of friction does not vary radically on the T-5-40 
bitununous concrete road, but on the C-40 portland cement concrete 
and the BA-23 asphalt-filled brick roads there is a decided decrease 
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Figure 12. Sliding Friction on Brick Pavements, with Non-Skid Tread Tire HT, 
November 2S, 1933. 

BA-22. VerUcal Fiber, Wire Cut Lug Brick. Excess Asphalt Filler Removed 
BA-23. Repressed Brick, Approximately 25 Per Cent Covered with Asphalt 

Filler. 
BA-40. Vertical Fiber, Wire Cut Lug Brick, Covered with Asphalt Filler, 

Sanded. 
BO-OP Repressed Brick, Tar Filler. 
BO-23. Repressed Brick, Grout Filled, Grout Below Surface. 

when usmg the smooth-tread tire " E G " This might be due to the 
more open structure of the road surface The shding coefficient of 
fnction is more nearly the same for aU tires, the variation at high speeds 
being in favor of the nonskid tires on all three roads 

Figures 11 and 12 show the roUing and shding coefficients of friction 
found on several bnck road surfaces The variation between a vertical-
fiber brick road, BA-22-32, free of asphalt filler, and a repressed brick 
road, BO-OP, here termed "open," as no filler was visible, is shown by 
comparing the curves for these two roads The repressed bnck has 
rolling and shding coefficients of friction at thirty nules per hour which 
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are about 61 and 65 per cent respectively of those obtained for the 
vertical-fiber brick 

During the summer of 1933 the asphalt filler bled from the joints on 
road BA-22 and covered in some places as much as 50 per cent of the 
road surface. The results of the tests on the original road are shown 
m curves BA-22-32 while the results of a series of tests on the same road 
made in October, 1933, are shown in curves BA-22-33 During the 
summer the rolhng and shding coeflScients of friction at thirty miles 
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Figure 13. Rolling Friction Variation, with Non-Skid Tread Tire HT, No­

vember 25, 1933 
BA-22 Vertical Fiber, Wire Cut Lug Brick. Excess Asphalt Filler Removed 

Repressed Brick Approximately 25 Per Cent Covered with Asphalt 
BA-23. 

FUler. 
BA-40. 

Sanded. 
BO-OP. 
BO-23. 

Vertical Fiber, Wire Cut Lug Brick, Covered with Asphalt Filler, 

Repressed Brick, Tar Filler. 
Repressed Brick, Grout Filler, Grout Below Surface. 

C-40. Portland Cement Concrete. 
T-S-40 Bituminous Concrete. 
T-6-22. Cold Mix, Cold Laid Bituminous Concrete. 
T-50-D-16. Sheet Asphalt 

per hour decreased to about 64 and 62 per cent respectively, of the 
original values 

Another vertical-fiber brick road, BA-40, was flooded with asphalt 
filler and the filler not removed, but heated and sprinkled with sand 
which was then rolled into the asphalt 

The nonskid quahty of the vertical-fiber brick was completely lost 
and the road can be seen to have a much smaller coeflScient of friction, 
both rolling and shding, than either BA-22-32 or BA-22-33. 
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The curves for roads BO-OP and BO-23 show comparative results 
on a good open repressed brick road and one that was 13 years old and 
very badly chipped The good road, BO-OP, has much larger coeffi­
cients at all speeds 

A comparison of the curves for roads BA-23 and BO-OP will show 
the variations of the coefficients of friction between repressed brick 
road surfaces (a) when using asphalt filler with the surface fairly free 
of asphalt—not over 25 per cent covered (BA-23) and (b) when the 
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Figure 14 Sliding Friction Variation with Non-Skid Tread Tire HT, 

March 13, 1933 
Vertical Fiber, Wire Cut Lug Brick Excess Asphalt Filler Removed. 
Repressed Brick Approximately 25 Per Cent Covered with Asphalt 

BA-22. 
BA-23 

Filler. 
BA-40. 

Sanded. 
BO-OP 
BO-23. 

Vertical Fiber, Wire Cut Lug Brick, Covered with Asphalt Filler, 

Grout Below Surface. 
Repressed Brick, Tar Filler. 

Repressed Brick, Grout Filler, 
C-40. Portland Cement Concrete. 
T-5-40. Bituminous Concrete. 
T-6-22. Cold Mix, Cold Laid Bituminous Concrete 
T-50-D-16. Sheet Asphalt. 

joints are open (BO-OP) The values for the rolhng coefficient are 
better at low speeds for BA-23 but at 30 miles per hour both roads have 
the same value, while the shding coefficient is much better for BO-OP 
above 15 miles per hour 

The three bituminous-concrete road surfaces tested show a variation 
of roUing coefficient of friction in Figure 13 and this difference is in 
favor of the open types of surface in the order of T-6-22, T-5-40, and 
T-50-D-16 The surfaces of the T-5-40 and T-6-22 roads have about 
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the same degree of roughness and open structure Portland-cement 
concrete, C-40, curve shows much less slope, at low speeds having the 
same value as T-50-D-16 while at 40 miles per hour and over it is at 
least equal to T-6-22 

On Figure 14 the sliding coefficient of friction curves for T-5-40 and 
T-6-22 roads are seen to be parallel but favorable to T-6-22 T-50-
D-16 has a lower sliding coefficient at low speeds than either of these 
but as the speed increases the slope of the curve is much less This is 
also true of the portland-cement concrete road, C-40, the curve being 
l)ractically identical with the T-50-D-16 curve, both curves being at 
least equal to the T-5-40 beyond 40 miles per hour This might be 
due to the greater uniformity of the T-50-D-16 and C-40 surfaces 
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Figure IS. Calibration of Dynamometer Pressure Recording Mechanism 
October 26, 1932. 

A comparison of portland-cement concrete, C-40, and sheet asphalt, 
T-50-D-16 can be seen on Figures 13 and 14 The rolling coeflicients 
of friction are about the same at low speeds, but at higher speeds the 
C-40 maintains higher values The sliding coefficients are very inter­
esting as they are practically identical up to 30 miles per hour when 
there is a slight advantage for the T-50-D-16 

The rolling and shding coefficient of friction curves for new vertical-
fiber brick road surface BA-22-32 are well above those just mentioned 
for C-40 and T-50-D-16 However, after the bleeding of the asphalt, 
the curves BA-22-33 are seen to be some distance below the portland-
cement concrete and sheet asphalt curves 

From the standpoint of safety there are two trends shown by these 
tests that are worthy of consideration (1) The coefficients of friction 
on all road surfaces decrease with increase of speed (2) The differ­
ence between the rolling and shding coefficients increases with increase 
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of speed Considering these pomts, the driving hazards are much more 
serious on wet roads than on dry roads as the speed is increased, not 
only because of the decrease m the rolling as well as shding coefficients 
of fnction, but also on account of the increasing difference between the 
values of rolhng and sliding coefficients of friction This latter vari­
ation IS exceedingly serious when brakes are apphed suddenly as any 
type of brake may operate unequally at times on the four wheels and 
when one wheel slides there is a radical decrease in braking force on 
this wheel, which may easily cause the driver to lose control of the car 

D I S C U S S I O N 

ON 

S K I D D I N G T E S T S A N D C O E F F I C I E N T S O F F R I C T I O N 

M R E 0 R H O D E S , Koppers Products Company. I would hke to call 
attention to certain points that need to be stressed in work of this 
kind, so that they may be considered in the contmuation of these 
experiments 

It IS extremely important that the history be given in detail tor each 
road surface tested—the type of the road, type of binder, specifications 
for the binder, method of construction or treatment, age, and surface 
condition at the time of test Also the records as to treatment subse­
quent to construction should be included, for we know there is a possi 
bihty that some of these road surfaces may have had several kinds of 
materials placed upon them 

Also, I think it is important that this work be continued by making 
a great number of tests on each type of surface 

The matter of testing in center of road as compared to testing i n the 
traffic lanes should be considered Actually we are prmcipaUy inter­
ested in the condition of the surface on which we are doing most of our 
ridmg If we go to the center of the road, are we testing the surface 
which IS carrjong most of the traffic' 

Whether the pavements are wetted by ram or artifically, the pre-
vaihng conditions, such as time, the amount of rainfall, the weather 
conditions prior to time of tests, and temperature prior to time of tests, 
are important factors and need to be considered 

That some of the coefficients which have been presented do not agree 
very satisfactorily with coefficients that have been determined by other 
experimenters m other countries is probably not so much due to the 
differences m apparatus as it is due to the differences in surfaces of the 
same type 

M R E M F L E M I N G , Portland Cement Association Coefficients of 
surface friction are only valuable for practical application in so far as 
they measure the relative safety of the various surfaces The question 
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naturally arises as to which of the three coefficients mentioned is the 
critical one 

In the report the coefficient of straight skidding is given most weight 
This, together with the sideways skid coefficient, is a measure of the 
ease and rapidity of skidding after the action has already started Very 
little IS said about the coefficient of impending skid, which measures 
the abihty of the surface to set up resistance to any skiddmg motion 

It seems to me that the coefficient of impending skid is more nearly 
a measure of surface safety than either of the two others 

In one chart the impending skid coefficient on concrete is about 0 80 
at 40 miles per hour Under the same conditions the coefficient for 
sideways skid is 0 60 and for straight skid about 0 40 While all three 
coefficients at low speeds (five miles per hour) are approximately equal, 
yet the impending coefficient remamed practically constant with in­
creasing speed while the others decreased rapidly 

Some discussion of the relative importance of the three coefficients 
in so far as they measure driving safety would be desirable It would 
be interestmg to know for other types of surfaces the relation of the 
impendmg coefficient to the side and straight coefficients and also to 
compare the values of this coefficient at various speeds on those surfaces 
with the ones on concrete 

The Ohio skid tests show clearly that the maximum rolhng skid 
coefficients, or perhaps, more properly, impendmg skid coefficients, 
are much higher on all types than the straight skid coefficients As 
previously mentioned, the impending skid coefficients are the true 
criterion of skidding accidents since the car must first start to skid 
before the shding skid coefficients govern 

The curve comparmg rolhng friction or impending skid coefficients 
on various types of pavements shows that concrete has the highest 
values for speeds of 40 miles an hour and greater-speeds at which skid­
ding accidents may be dangerous The same trend of increase m shdmg 
friction on concrete above other types is also indicated at the higher 
speeds, although the tests do not cover this point as fuUy as tests on 
rolhng friction 

In comparing the Ohio and Iowa skid tests, it wiU be noted by the 
Iowa tests that the close-textured bituminous types have higher values 
than the open-textured bituminous types, yet by the Ohio tests, the 
opposite condition was found Since only a specific project was tested 
in each case, it indicates that additional work is needed to estabhsh 
the comparative skid coefficients on the open and close-textured bitumi­
nous types as well as with other types 

M R B E R N A R D E G R A Y , The Asphalt Institute' In makmg further 
studies of the skid resisting quahties of road surfaces, it is suggested 
that account be taken of the character of aggregate composing the 
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pavement It is recogmzed that a considerable variation exists in 
this regard, particularly in the case of the cover coat aggregates used 
in low cost types The endeavor of the highway bmlder should be to 
have traffic carried on the aggregate rather than upon a film of bitumi­
nous material, and certain aggregates under traffic tend to become pol­
ished and slippery whereas certain other aggregates, because of a rough 
surface texture, have a high resistance to skidding 

M B G E O R G E E M A R T I N , The Barrett Company While these tests 
give results for the individual sections where the work was done, the 
data are not sufficient to justify conclusions as to the relative skid-
resistance of various pavement types 

Many of the variables which influence the results are not included in 
this report Some of these are the detailed method of construction of 
the surface, its age, previous maintenance history, and kind and amount 
of traffic 

The report does not give the results of individual tests but only a 
summary for a particular pavement type It is impossible to tell, 
therefore, how much variation there may have been between individual 
results 

Motor vehicles skid on the driving wheels and there is no certainty 
that the results for pulled wheels would be an accurate measure of those 
for driving wheels 

The value of the coefficient of impending skidding, which is undoubt­
edly of most importance to the motorist, is reported for only a very few 
experiments 

The method of producing a wet pavement gives results which are 
only partially comparable to natural wet weather conditions 

This report is a good progress report on one method of approaching 
the problem but cannot be considered as giving final results relative to 
the comparative skid resistance of various roadway surfaces 

M R G F S C H L E S I N G E R , National Paving Brick Association The 
report of Professors Stinson and Roberts shows that on a pavement 
constructed with a vertical fiber lug type of brick and from which the 
filler had been removed at the time of construction the paving surface 
had a high coefficient of friction—one .of the highest of the different 
types represented by the curves shown This skid-proof quahty was 
reduced when the same pavement was tested a year later with the 
automobile traveling in the main hne of traffic, although it still had a 
fairly high coefficient of friction This reduction was due to the asphalt 
filler having risen m the joints and spread over a portion of the brick 
surface It is my opinion, however, that, if this same pavement is 
tested from year to year, the coefficient will gradually be restored to its 
original value because of the disappearance of asphalt from the surface 
under the action of traffic 
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Professor Moyer tested some bnck pavements in the city of Des 
Moines, Iowa, and, according to his results, the pavement with about 
25 per cent of asphalt on the surface had more fnctior than the clean 
brick pavement This is inconsistent with the tests of Professors 
Stinson and Roberts, and, in my opinion, is not according to practical 
experience I have investigated several bnck pavements concerning 
which there had been complaints regarding slipperiness In every 
instance, these pavements were covered with asphalt in which the 
mmeral cover material had not been properly incorporated The Na­
tional Paving Bnck Association recommends the surface, removal 
method of filler application and the vertical fiber lug type of brick 
believing that these requirements will produce the most non-skid 
qualities for the bnck type of pavement 

P R O F E S S O R M O Y E R , Author's Closure, by Letter In the light of the 
present knowledge of the subject, it appears that the facts and principles 
estabhshed in this paper are fundamentally sound and should form the 
basis for future investigations The suggestions made in the discussion 
should prove helpful in carrying out such a program The differences 
in the coefficient of friction due to variation in the types of asphalts, 
tars, aggregates, mineral fillers and other road surfacing materials now 
in use can for the most part only be determined accurately by actual 
test Since it would require too extensive a program to determine the 
effect of all these variables, it was thought desirable for the present to 
restrict the program to work from which it would be possible to ration-
ahze the results obtained in the tests and to formulate a theory by 
which the effects of skidding might be predicted for any given set of 
conditions 

In the cases where tests were made in the center of the road, it was 
possible at the same time to test in the center traffic lanes. The pur­
pose for testing in the center of the road was largely to eliminate the 
effects of crown 

The writer takes exception to the statement that the results of tests 
reported in this paper do not agree with results obtained in other 
countries Probably the most outstanding piece of work along this 
line was that conducted by the National Physical Laboratory of Eng­
land during 1930 In a paper by Bradley and Allen' data are reported 
for about ten types of surfaces These data are in substantial agree­
ment with the data reported in this paper m the cases where the types 
of test and surfaces conditions are similar 

The side skid and straight skid coefficients are most hkely to be 
critical coefficients for the reasons previously stated in the paper The 

' "Factors Affecting the Behavior of Rubber-tired Wheels on Road Surfaces" 
by J Bradley and R F Allen, 1930-31, Proceedings of the Institution of Auto­
mobile Engineers 
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coefficients for impending skidding can hardly be considered ciitical, 
smce the brakes on comparatively few cars, are adjusted uniformly 
enough to make available this high coefficient at each of the four wheels 
It IS also quite likely that few drivers can apply brakes so skillfully 
that they can bring the four wheels to the point of impending skidding 
It should be observed, however, that the side skid and skidding impend­
ing coefficients are generally about the same for regular balloon tires 

The coefficients for the brick and concrete surfaces were approximately 
the same with the coefficients for brick shghtly lower than those for 
concrete Brick and concrete have certam characteristics in common 
which in part accounts for the similarity m their skidding actions An 
important common characteristic is that these surfaces are hard and 
dense The cementing or bonding materials are exceptionally hard 
and for this reason a shght pohshing effect can be observed on these 
surfaces due to the abrasive action of the tires Althougn these sur­
faces may have an exceptionally high coefficient when new, the tests on 
surfaces which have been subjected to traffic indicate that this rough-
textured condition will not exist for a great length of time after the 
road IS open to traffic Nevertheless, the surface texture on these 
surfaces should never be so smooth as to cause the coefficients on the 
wet surfaces to be dangerously low It is quite hkely, that the type 
of bituimnous filler and the extent to which fine aggregate and mineral 
filler are present in the bituimnous filler of brick surfaces, are responsible 
for the large variable effect m the skidding characteristics of brick 
surfaces 
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B Y C A HoaENTOGLBB, E A W I L L I S , AND J A gCELLBY 

Untied Stales Bureau of Public Roads 

SYNOPSIS 

This discussion suggests changes in the physical structure of routes 
and terminal facilities for utilizing, in urban transportation, the 
comfort, speed, safety, and convemence made possible by progress 
in the design of motor vehicles and the road surfaces 

Special attention is called to the importance of terminal facilities 
Improvements in car and highway design have done much to increase 
comfort, speed, and safety of travel Terminal progress, m contrast, 
has principally concerned itself with legal restrictions as a result of 
which the demand for urban parking space greatly exceeds, by 5 or 
10 to 1 in some instances, the effective supply This robs the car 
owner of much of the benefit for which he has demonstrated not only 
his ability, but his eagerness to pay 

In considering the economics of terminal facilities, the important 
question concerns the expenditure justified by sound economics to 
increase the speed, comfort, and safety of the entire traveling public 
by removing parked cars from the highly expensive street surfaces 
to off curb parking areas with less expensive surfacing Parking 
space IS not merely a personal convenience for car operators, but 
an integral part of economic motor transport 

Intangible, accordmg to Webster, means "not directly appreciated by 
the mind " Economics, accordmg to the same authority, pertams 
among other things to "means or methods of livmg well " Hence, our 
discussion concerns the imperceptible personal and social benefits fur­
nished by private motor transport 

Frugality has no place in the picture Whether travel via motor 
costs more or less than that furnished by rail, boat or street car has 
little significance here 

Of more importance are the social improvements for which the travel­
ing public have demonstrated their eagerness regardless of cost These 
include the transformation of the urbamte to the suburbanite, the re-
modelmg of rural educational systems, the makmg of the urban com­
mercial facilities available to the farm, the rural recreational facilities 
to the city, the mountains and the seashore to both; and withal the 
exhilaration and rehabilitation which contnbute not only to our pleasure 
but our physical and mental health as well. 

Financial returns can no more evaluate such benefits than those 
furnished by the motion picture, the theater, the baseball game or the 
pleasure trip abroad Their costs are not justified by frugality but 
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instead by adequate return in the way of better living, intellectual 
improvement, and recreation productive of increased workmg capacity 
Undoubtedly, such intangible benefits account largely for the huge 
contributions of passenger car transport to the nation's commerce 

Facts and figures of the automotive industry, for instance, disclose 
that about 20 million passenger cars were registered in the United 
States m 1932 * At an assumed low purchase price of $600 each they 
must have put about twelve billion dollars in circulation during the 
past five or six years 

Also, if the cost of operation and replacement can be assumed at 
the conservative figure of five cents per mile and the annual travel at 
7,500 miles, seven billion dollars are poured into the business channels 
of the nation annually H J Struth notes in American Motorist, 
December, 1929, that the total gas, gas tax and oil bills alone amount 
to $6,000 per minute 

A problem in the field of structural design is thus introduced I t 
suggests the necessity of changing the physical structure of route and 
terminal in order to furnish the motorist with the comfort, speed, 
safety and convenience for which he has demonstrated not only his 
ability but his eagerness to pay 

In this connection let us consider the case of one of the 7,000,000 
passenger car owners residing in 124 cities of population exceeding 
50,000 each and with a total of 38,000,000 Furthermore, let our driver 
be one of the 143,000 registrants in the City of Washington 

While much of his mileage costs less than that charged by commercial 
carriers, yet some of it undoubtedly costs more His willingness to 
pay the additional cost of the latter may be explained as follows 

To ri'de in the commercial carrier he must be willing to board it at 
some point on its route, at its scheduled time, must travel only on the 
streets it traverses, with whatever in the way of standing or seating 
facilities it offers, and finally must be satisfied to get off at some point 
along its route closest to his destination 

His own car, in contrast, leaves from his residence, at his convenience, 
travels at such speed and along such route as he desires, and lands him 
at his destmation with the utmost despatch and comfort 

The difference in accommodations is both physical and mental 
Physical, as to comfort, convenience, etc , and mental as to regulations 
and restrictions Four or five "musts" which control his travel in com­
mercial carriers are eliminated by the private transport 

The known aversion of the American people to any but the most 
essential regulations suggests that desue to escape these "musts" or 
mental restrictions accounts largely for the huge private car owner­
ship, that freedom from the irksome restrictions, not to mention pos­
sible physical discomforts of commercial carriers, is largely responsible 
for the assumed 140 billion miles of annual passenger car transport 
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The essential features desired in this type of motor transport are 
convenient origin, comfortable and safe transit and satisfactory terminal. 

Figure lA 

Figure I B 

Resident emigration to suburban districts has done much to provide 
origin facilities; ingenuity of motor car design combined with increased 
road widths, better alignment, easier curves with greater sight distances 
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and modern traffic control methods and mechanisms have done much to 
expedite safe transit. 

The destination or parking space, in contrast, seems to have been 
left out of consideration, causing progress in terminal facilities to con­
sist in the main of legal restrictions. Even current technical literature 

Figure 2A 

Figure 2B 

reflects the neglect of terminal facilities. Thus, for instance, in a 
bibliography consisting of 802 articles on traffic engineering but 47 
concerned parking and, of these, 41 had to do with regulations, leaving 
but six to deal with actual terminal structures or parking space. 

Figures lA and I B show how engineering skill transformed the dusty, 
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muddy part-season road of 20 years ago into the ultra modern high 
speed superhighway of today. 

Figures 2A and 2B show how the bridge builder contributed his share 
to the improvement in transportation facilities. 

Figure 3A 

Figure 3B 

Figures 3A and 3B illustrate how change in physical structure as 
substitute for regulatory signs, signal, etc. is solving the grade crossing 
problem. 
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Figures 4A and 4B illustrate how the genius of the automotive 
engineer transformed the stop-and-go, 15-mile-per-hour horseless car­
riage of a quarter century ago into the dependable, high speed, luxurious 
modern palace of comfort. 

Figure 4A 

Figure 4B 

Figures 5A and 5B show that while increased facilities are made for 
the traveling car, the improvement does not increase the parking space, 
the sacred curbs remaining inviolate. Here the parkway in the center 
was eliminated and the width between curbs (Figure 5A) was increased 
to furnish better facihties for moving vehicles. As seen in Figure 5B, 
however, the improvement furnished no increase in the facilities for 
parking cars. 

i 
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Figures 6, 7 and 8 illustrate the effect of the absence of terminal 
facilities. They were obtained by recording the times by means of a 

Figure 5A 

Figure SB 

stop watch corresponding to odometer readings on different routes 
during the morning rush hour. 

Figure 6 shows the run down Sixteenth Street in Washington. The 
distance traveled is plotted against time. The distance from origin 
to destination is sbc miles. The upper curve shows that at 5 a.m., 
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in the absence of travel, almost the maximum legal speed is mamtamed, 
tluis allowmg the trip to be made in 14 mmutes 
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Figure 6. Effect of Lack of Parking Facilities upon Trip Time 
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Figure 7. Effect of Lack of Parking Facilities upon Trip Time 



HOGENTOGLER—TNTA NGIBLE ECONOMICS 197 

Duiing the rush hour, however, the average speed from origui to 
destination is reduced to 15 mdes per hour, requiring 23 minutes At 
the end of five additional mmutes spent in finding a parking space it 
drops still further to 12 6 miles per hour, and an additional seven 
minutes spent m walking back to the destmation brings the final average 
to 10 1 miles per hour 

Figure 7 shows a similar run from 37th Street and Tunlaw Road to 
the Commerce Buildmg Here the speed to destmation, 14 miles per 
hour, is reduced to 9 9 after the car is parked and finally to 7 3 miles 
per hour at the conclusion of the walk back to the office 
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T A F T BRIDGE 

MACOMB ST 

ORIGIN CHEVY CHASE CIRCLE 
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NOVEMBER 9 1933 S T A R T B 30 A M 

2 0 2 4 it 
T I M E - M I N U T E S 

Figure 8. Effect of Lack of Parking Facilities upon Trip Time 

Figure 8 IS for a trip down Connecticut Avenue from Chevy Chase 
Cu-cle to the Commerce Buildmg Here the speeds are 13 7 miles per 
hour to destmation, 10 1 to parkmg space and 8 0 miles per hour to 
the office 

The average times of the three runs are 14 2 miles to destmation, 
10 8 miles per hour to parkmg space, and 8 5 as the final average after 
the walk back to the destmation after parkmg 

The last word in motor car design, so accurately streamhned that 
hardly a particle of dust will accumulate on its fenders and body surface, 
IS shown m Figure 9 

Figure 10 shows the first steamboat, the Clermont, which sailed up 
the Hudson in 1807 
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After a century of progress which saw the birth and development of 
the telegraph, the telephone, the motion picture, the radio, the talking 
picture, and the airplane, this automobile, the acme of ingenuity and 
skill, which on a road surface serviceable for high speeds, is capable in 
rural transport of bettering with ease and comfort standard train 
schedules, when used in urban transport is slowed down, first, by legal 
regulations, second, by traffic congestion, and third, by poor terminal 
facilities, until the average speed of travel including the walk back to 

Figure 9 

Figure 10 

the oSice, store or shop becomes just a few miles per hour greater than 
that of Robert Fulton's first steamboat on the Hudson River 124 
years ago. 

This is no reflection on the traffic engineer and no criticism of the 
traffic regulations and control mechanism. His job has been to make 
one parking space serve from 5 to 10 cars. In Washington's business 
section, for instance, his job has been to accommodate a possible 100,000 
cars daily in curb space capable of accommodating only 10,000. And 
he has done his job well. But you can not park your car on a regulation. 
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Thus we reach the natural conclusion aptly stated m the "Report of 
the Automobile Parkmg Committee of Washmgton," published under 
the chaumanship of Colonel U S Grant, 3rd, "that additional provision 
must be made (for parkmg space) if this form of transportation is to 
develop " Thus parking space instead of financial abibty becomes the 
true index of the saturation pomt of urban car ownership 

The consideration of termmal facilities concerns not how much the 
car owner is willmg to pay for such service but mstead the expenditure 
justified by sound economics to mcrease the speed, comfort and safety 
of the entu-e travelmg pubhc by removmg parked cars from the highly 
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Figure 11 Relative Store Area and Parking Area of Typical Industrial 
Establishments 

expensive street surfaces to ofif curb parkmg areas with less expensive 
surfacmg 

Parking space is not merely a personal convenience for car operators, 
but an integral part of economic motor transport Consequently, 
expenditures justified for its provision can be computed on the same 
basis as expenditures for increased road width, smoother ridmg surfaces, 
reduced curvature, greater sight distance, wider bndges, and better 
alignment Included also is the effect of adequate termmal facilities 
on puttmg more cars into service with theu- purchase price going to 
pay the cost of wages and materials of manufacture and their operating 
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costs for tires, gas, oil, repairs and insurance going to increase the general 
industry and prosperity of the nation. 

Whether an individual is willing to pay 10, 20 or 50 cents per day for 
parking facilities is subordinate to the placing in service of additional 

Figure 12. Off Curb Parking Space 

Figure 13. Parking Area 

units of transportation which contribute considerably to the commerce 
of the community and the nation. 

Savings which accrue from provision of adequate parking facilities 
might be computed from several bases as follows: 

1. The difference in value of parking lot and street surface. 
2. The increase in speed of travel of moving traffic due to wider 

roadways. 
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3. The reduced operating costs due to shorter distance of travel. 
4. Saving of time when necessity for hunting parking space is 

eliminated. 
Thus, M. O. Eldridge in "Cost of Parking," Engineering News-

Record, February 9, 1933, shows that the carrying charges for parking 

Figure 14. Neighborhood Store Parking 

Figure 15. Neighborhood Store Parking 

space for one car on Fifth Avenue, New York, about 156 square feet, 
amounts to $142 per month, or about ten times the cost of parking in 
the modern garage. 

On the assumption that parking space can be covered with cheaper 
surfacing than street surfaces, additional savings can be estimated. 
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If this difference amounts to $2.00 per square yard, the capital sa\-ings 
for 400 cars occupying two miles of curb space and requiring about 
7,000 square yards of off curb space would amount to about $14,000. 

On the basis of 20,000 cars per day, which can be taken as the traffic 
on a main artery like Pennsylvania Avenue, the savings due to increase 
of speed of travel due to parking elimination could be enormous. If 
this increase of speed were only five miles per hour, the time saving in 
a year of 300 days would amount to 6,000,000 vehicle minutes per mile 
annually. 

At one cent per vehicle minute, the saving proposed by Sigvold 
Johannesson in his book "Highway Economics," the annual return 

Figure 16. Parking Areas at Mount Vernon 

becomes $60,000 per mile annually or the interest at five per cent on 
$1,200,000. 

The average distance from destination to parking space in the three 
runs is 1.65 miles. At 400 cars per day, 300 days per year, this becomes 
198,000 miles which, at five cents per mile, cost $9,900 per year. This 
capitalized at five per cent is equal to $198,000. 

I venture no estimate of the value of the tune which must be spent 
in walking back to the destination. This is one of the "musts" how­
ever, which diminish the intangible returns which have made the higli-
way and motor satisfy a national transportation need not furnished by 
any other type of transportation. All such necessities introduce into 



HOGENTOGLER—INTANGIBLE ECONOMICS 203 

motor transport the type of uksome travel restrictions which motor 
transport is designed to elunmate Exclusive of this item and also of 
any carrymg charge on the valuation of the street area, the savings 
accruing from placmg 400 cars per day in off curb space per mile of 
street carrymg 20,000 vehicles per day becomes 

14,000 + 1,200,000 + 198,000 = $1,412,000 

The cost of providing the 1̂  to 2 acres of parkmg space for the 400 
cars subtracted from $1,412,000 represents the profit due to furnishmg 
off curb space for parking the cars now occupymg one mile of street 
Thus, like the old argument for good roads "we pay for parkmg space 
whether we have it or not and it costs more not to have it than to 
have it " 

That this IS recognized by some of our old conservative business 
orgamzations JS shown by Figures 11 to 16 They show what is being 
done toward providmg the 400 acres with attendants or the 800 acres 
without attendants required for Washmgton's 100,000 vehicles 

Along with the parking facdities we might include also other fields 
of change m physical structure which are justified part by the tangible 
and part by mtangible economics Such problems include the foUowmg 

1 Development of design of sidtngs for expediting traffic on two-lane 
traffic roads With mued traflBc of appreciable amount on two-lane 
traffic roads, the speed of traffic is practically that of the slower movmg 
vehicles To mcrease the width of all such roads as occasion demands 
IS a physical as well as a financial impossibdity However, single lane 
sidings placed at proper mtervals to furnish a three-lane road, especially 
on upgrades where the faster units can pass the slow movmg traffic, 
will accomplish much toward speedmg up traffic 

2 Development of antiskid high speed road surfaces The annual 
casulty lists of about 30,000 killed, 85,000 permanently and 945,000 
temporarily mjured m highway transportation is contnbuted to largely 
by skiddmg automobiles This is reason enough for studymg the 
mechanics of skiddmg and preventive measures m both construction 
and mamtenance Here it may be necessary to mcrease the cost of 
operation due to greater tire wear m order to reduce expensive loss 
of life 

3 Development of methods for segregating pedestrians from auto traffic 
especially m urban districts This is to make a further cut in the casulty 
list and to speed up traffic as well because, according to estimate, 
pedestrians are concerned m about two-thirds of the traffic accidents 

For years, attempts have been made to legislate pedestrians into 
certam locations for crossmg streets Even at these designated locations 
pedestrians have to be more and more alert and be able to look m three 
or four directions at the same time to prevent bemg run down This 
is not only a city problem, for the bypassmg of small towns is but a 
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temporary expedient which lasts only long enough for the gas station, 
the barbecue, drug store and the rest of the town to move to the new 
location 

The only logical remedy is, through research, to devise the means 
for gradually preventmg the pedestrians from usmg the street roadway, 
thus followmg the example of Radbum, New Jersey The design of 
underpasses or overpasses and the selection of their proper location 
for accomplishmg this, combmed with the design of accompanymg 
parkmg areas, loadmg platforms and correspondmg methods of traffic 
control, furnish an almost unlimited field for unprovement m highway 
transportation 

The railroad engmeer has been solving a sunilar problem for the past 
half century Prohibitive restnctions made increasmgly necessary 
the separation of tracks from the street grades on which rail transporta­
tion ongmally developed This called for new routes and often new 
terminals as well Termmals with through routes for highway trans­
portation can follow the same general prmciples of design and economic ^ 
justification 

If suggestions such as these are considered unpractical and the high-
way field fully developed and, if m the city the curb hne is considered 
the ultunate barrier beyond which the highway builder may not pass, 
the field of future motor transport development is mdeed limited If, 
on the other hand, we are willmg to recognize that scientific inquuy 
into new fields of structural design can promote the comfort, speed and 
safety of highway transportation, the road builder has an unlimited 
field 

Several years ago, at a Highway Research Board dinner. Colonel 
Chevaher asked the question—What will the highway engmeer do when 
he IS through buildmg highways' The foregoing might serve as a reply 
for it suggests the almost unlunited task required to remold the urban 
structure to accommodate modem motor transport requirements instead 
of restnctmg motor transport development to the urban facihties of 
horse and carriage days And m this remoldmg the aim is profits, 
not costs. 

D I S C U S S I O N 
ON 

I N T A N G I B L E E C O N O M I C S 

M R J R O W L A N D B I B B I N S , Washington, D C On this particular 
phase of economics there is now much disagreement m Washmgton 
Mr. Hogentogler has introduced the .problem of remodelmg the entue 
urban structure Let us look at this problem of the community as a 
whole, urban and suburban, regardless of political boundanes, draw a 
circle around it, and work out the totalized balance sheet of the dis-
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tribution of costs, the benefits and problems of development Those 
of us who have been studying urban districts mtensively recognize 
the growmg bhght that has so much affected mternal land values and 
the housing of people This cannot be discussed now, but it is an 
outstandmg problem of economic relatives Rapid transit has contrib­
uted to the blight and so have express highways It has opened up 
a large subject which I hope will go on the programs of succeedmg 
meetmgs. 
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B Y J O H N V K E I L T 

Materials Engineer, Rhode Island State Board of Public Works 

SYNOPSIS 

This IS a progress report on an experimental road built in 1931 
A 46 foot pavement, constructed in two lanes, has a plain concrete 
baee on one side and experimental sections on the other These 
latter sections contain many methods for using wire mesh reinforce­
ment, expansion joints and dummy joints to control cracking in a 
SIX inch concrete base Indications of success or failure of the 
various designs after two years of traflBc and exposure are reported 
and recommendations made for future work based on results obtained 
to date 

Numerous sheet asphalt pavements of conventional design, on six 
inch concrete bases m suburban sections of Rhode Island have developed 
unsightly cracks after relatively short penods of use These cracks 
which occur first m the base carry up through the binder and surface 
courses and theu- mitial irregularities are magnified by the interlock 
of the I inch stone in the bmder course Fmally they appear on the 
surface and wander aimlessly across the pavements m diagonals, forks 
or zig-zags until they reach the curb or a longitudmal jomt In an 
effort to improve this feature of the pavement the Rhode Island Board 
of Public Roads, in cooperation with the Committee or Design of the 
Highway Research Board, set apart a project on Newport Avenue in 
Pawtucket for experimental purposes in September, 1931 The road 
was approximately 46 feet wide and was built m two sections, one lane, 
16 to 20 feet wide at places including a car-track, was poured first, 
using ordinary methods of construction and the balance of the road 
26 to 30 feet wide was selected for the construction of the experunental 
sections The road was budt on practically an ideal subgrade of sand 
and light gravel and on rather flat grades No particular attempt was 
made to insure a shp joint between the experunental sections and the 
curb or the adjacent parallel lane of pavement It was thought that, 
if anchorage should occur on these two sides of the slab, it would in­
crease the efficiency of the dummy joints and the included reinforcing. 

206 
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A 1:2 5:5 mixture of Dragon cement, washed sand and washed crushed 
gravel with a 5 to 6 inch slump was used I n the sections where rein­
forcement was used, the base was roughly screeded to 2 5 inches below 
the finished grade and the mesh placed as called for, with the remaining 
concrete deposited to final elevation and fimshed with the backs of 
shovels Three cyhnders and three beams were made every second day 
during concrete runs and were broken at the ages of 7 days, 28 days, 
and 6 months The average compressive strengths were 1475, 2260 
and 2883 lbs per sq m respectively while the beams gave moduli of 
rupture of 428, 595 and 645 lbs. per sq in at corresponding ages 

A record was kept of all cracks appearmg in the base before the sur­
face courses were laid. A period of approximately seven days was 
available for these observations and, m most mstances to date, cracks 
in the asphalt pavement have developed over cracks which appeared 
in the base before the top was placed It was rather difficult to see 
whether crackmg of the base had really taken place at dummy joints 
I t was observed, however, that there were no other cracks in these 
sections If contraction had taken place, it is quite possible that cracks 
may have been present at the bottom of the 1 5 inch slot without being 
apparent to the observers A movement at these joints at a later date 
IS expected to show in the finished pavement 

I n addition to the sheet asphalt construction, a 1400 foot section 
was constructed with a modified sheet asphalt wearmg course m which 
several of the experunental base sections were repeated The change 
in wearing course was made by addmg 30 per cent of ^ inch crushed 
stone (ranging in size from | to f inch) to the standard sheet asphalt 
mixture I n all asphalt construction a ten-ton three-wheel roller was 
used for mitial compaction followed by a six-ton tandem roller operating 
diagonally 

T Y P I C A L B A S E SECTIONS 

Type A • This is a typical plam concrete base, six inches thick and 
easy to place, with transverse joints made only at the end of a day's 
run 

Type B A six mch concrete base with \ mch expansion joints placed 
30 feet apart and f filled with 85-100 penetration asphalt A thin 
galvanized sheet was placed over each expansion jomt to prevent the 
binder from entermg and destroying freedom of movement at these 
joints 

Type C- This section has a plain six inch concrete base with dummy 
joints (1 5 m deep) at short mtervals designed to control contraction 
cracks 

Type D The same six mch concrete base with welded wire reinforce­
ment placed 2 5 inches below the surface and between dummy joints 
spaced approxunately 12 feet apart A two inch gap between sheets 
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of mesh at dummy joints was planned The mesh was used to hold 
sections together between dummy joints 

Type E The same six inch concrete base containmg different weights 
of wire mesh reinforcement placed 2 5 inches below the concrete surface 
but with free ends of mesh lapping four inches across dummy joints 
which were placed at intervals of 24 feet This type was smular to 
Type D except that the shearing value of the dummy joints was in­
creased by the addition of the steel wues crossmg them 

Type F A SIX inch concrete base with continuous wire mesh rein­
forcement Originally it was planned to place dummy joints 21 feet 
apart in a portion of this section to assist the continuous mesh to break 
down at these intervals but the dummy jomts were detailed over the 
locked ends of the reinforcement so that this feature was practically 
elunmated In effect this section has contmuous reinforcement though-
out its length This was evidenced m the field by the fact that, when 
the cracks appeared, they did not occur over the dummy joints as made 

OBSERVATIONS AT T H E E N D OF TWO Y E A R S 

The general observations that can be made at this time serve mainly 
as a basis for further experunental work 

I t should be kept m mind that these observations are limited to a 
pavement with a fairly strong concrete base which is expected to crack 
and that these experimental sections were designed to control these 
cracks rather than eliminate them 

G E N E R A L INDICATIONS, WHICH APPLY TO BOTH PLAIN AND R E I N F O R C E D 
SECTIONS 

1 Numerous cracks in the base appeared within seven days after tlie 
concrete was poured and before the asphalt surface was placed 

2 Most of the cracks now visible in the asphalt surface occur over 
cracks previously observed m the base 

3 Several cracks, m the wearmg course, noted recently, do not reoch 
the curb by some four to seven feet All were over old cracks or joints 
m the base This seems to mdicate that mcipient crackmg of the 
surface course may be accentuated by traffic whereas the area near the 
curb, under little or no traffic, may resist crackmg even over relatively 
wide contraction joints « 

4 The above observation includes cracks over two or three dummy 
joints where cracks may have existed ongmally at the bottom of the 
1 5 inch slots m the base, but were not apparent to observers before 
the asphalt surface was laid 

5 Cracks, occurrmg withm short distances m adjacent lanes of this 
pavement, generally connected up, at the expense of rather unsightly 
irregular longitudinal cracks in the surface 

6. Irregularity of cracks starting in the base has been accentuated 
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before reachmg the surface probably by the interlocking action of the 
I inch binder course Even cracks above straight dummy joints are 
more or less uneven upon reaching the surface 

7 Expansion joints designed with cover plates, have generally pro­
duced wide and unsightly cracks without adding to the structural 
strength of the pavement Michigan experunents* mdicate that with­
out some mechamcal means of transferrmg loads across these jomts, 
the pavement has been actually weakened and that the use of a cover 
plate, to prevent the bmder from entermg these expansion jomts, has 
resulted in wide cracks on both sides of this plate The behavior of 
plam sections m this pavement and many years of experience with 
similar construction in Rhode Island indicates that there is no need 
for expansion jomts in this type of pavement when a base with not 
stronger than a 1:2 5.5 mix is used We have no record of blow-ups 
to date 

INDICATIONS WHICH APPLY TO D E F I N I T E T Y P I C A L E X P E R I M E N T A L S E C ­
TIONS AT T H E E N D O F TWO Y E A R S 

Type A Plam concrete base without jomts and exclusive of area 
affected by car-tracks 

(a) Plam concrete base sections have averaged cracks about 60 feet 
apart in two years although individual lengths have varied from 13 
to 90 feet 

(b) Practically all of the base cracks were reproduced m this asphalt 
wearing course at the end^of two years, although one or two exceptions 
have been noted 

(c) Individual cracks were mvariably transverse, but irregular in 
direction and not always at right angles to curb 

Type B Plain concrete base with | mch expansion joints, 30 feet 
apart 

(a) Jomts m this section most consistently produced cracks where 
designed because all but one joint functioned This seems to indicate 
that definite planes of cleavage should be constructed in the base The 
last jomt did not act because it was locked in place by a return of the 
base into a street intersection 

(b) The objections to this design are slowness of installation, the 
development of double cracks m the asphalt surface caused by cover 
plates over these jomts, and the lack of load transfer across straight 
jomts 

(c) Although the origmal expansion joints m the base were con­
structed to the curb, the only cracks visible on the surface now are 
narrow cracks j mch wide appearing m the heavier traveled part of 
the street These cracks have not appeared within six feet of the 
granite curb 

* Investigation of the Shear Resistance of Cracks, A C Benkelman Engi­
neering News-Record, August 24, 1933 
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Type C' Plain concrete base with dummy gomts, 1 5 inch deep 
(a) Dummy jomts made 1 5 inch deep and spaced from 12 to 21 feet 

apart, do not always appear to function as contraction joints The 
tension area of concrete below the jomt is suflSciently strong to hold 
several sections together even at early ages Assuming a 500 lb tensile 
strength m the concrete, computations show that it is possible to de­
velop 135 tons of resistance to breakage in a ten foot width of this base 

(b) Cores have proven that all cracks in asphalt surface m this 
section have occurred over dummy jomts in the base, but only every 
third or fourth dummy jomt at a distance of 45 feet or more has pro­
duced a crack 

(c) There is better uniformity in ahgnment of cracks appearmg over 
dummy jomts m both plam and reinforced sections and an absence of 
the diagonals, forks, and zig-zags that were observed where no joints 
were provided Cores have shown that mmor offsets up to three inches 
from the straight cracks at dummy joints, are produced by the inter­
locking effect of the f mch bmder course 

(d) Individual slabs in the base between dummy joints all appear 
to be mtact No cracks m the asphalt surface developed between 
dummy joints m the base 

Type D Concrete base with mesh reinforcement m each 12 foot 
section separated by dummy jomts m the two mch space between 
sheets of mesh 

(a) The tension area below dummy jomts in this section caused 
seven sections of base to hold together as did those noted under the 
plam concrete section with dummy jomts One single crack m this 
area, with 84 feet of unbroken surface on either side, was \ inch wide 

(b) A core showed that this smgle crack in the base occurred at a 
dummy jomt, although the break m the surface offset about three 
inches from the dummy jomt below due to the mterlock of the bmder 
course 

Type E Reinforced concrete base with ends of mesh lapped, with 
and without dummy joints 

(a) Dummy joints, crossed with lapped ends of reinforcement, have 
had little chance to show their possible superiority over plam jomts, 
because long sections of base mcludmg this feature have held together 
as was noted m the plain concrete sections 

(b) Unbroken sections were, however, much longer m this area 
runmng to a maximum length of 160 feet between cracks, although 
dummy joints were mstalled at the end of every third sheet of rein­
forcement or about 23 feet apart The minunum length of slab m 
this section is 60 feet 

(c) There is no choice m regard to weight of mesh reinforcement 
Type F- Remforced concrete base with ends of mesh locked with 

and without dummy joints 
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(a) As previously mentioned, dummy jomts in this section were 
detailed and placed over the locked ends of remforcement and, there­
fore, faded to act This section therefore can be regarded as one of 
continuous remforcement 

(b) The theory that continuous reinforcement might break the base 
up into mmute sections, evenly distributed, was not borne out m these 
trials Instead, the reinforcement held the base intact m relatively 
long sections With 32 lb mesh the slabs between cracks averaged 
75 to 86 feet m length, with a mmimum of 50 feet and maximum of 
100 feet of unbroken asphalt top With 42 lb mesh the slabs between 
cracks averaged 100 to 102 feet, with 60 feet minimum and 165 feet 
maximum of unbroken lengths of surface 

(c) A few base cracks from 20 to 30 feet apart, which developed 
before the top was placed, have not appeared m the surface. This 
may be due to the reinforcement holding the adjacent sections close 
together 

(d) No particular uniformity in spacmg or ahgmnent of cracks is 
apparent m these sections 

(e) Cores have indicated that the steel has broken at least at the 
end of the longer sections 

(f) Cores have mdicated that some defimte method of lockmg sheets 
of mesh should be devised that would prevent sheets from separatmg 
when walked upon by workmen, thus destroying the contmuity in 
reinforcement desired 

SUGGESTIONS FOR F U T U R E E X P E R I M E N T A L W O R K 

Based on our experience with these experimental sections, the in­
vestigators workmg on this project make the following suggestions for 
trial in future experimental projects of similar nature. 

1 That dummy joints, as designed in this project, be replaced by 
hght, deformed-steel contraction jomts spiked to the subgrade and 
left m place These jomts should be just sufficiently strong to form 
an effective key between sections and extend at least one mch mto the 
bmder course to straighten out surface cracks This design would 
elimmate the tension areas m concrete at dummy joints and provide 
for positive load transfer across jomts where a strong base is needed 

2 That m areas where an excellent subgrade is available and load 
transfer across jomts is not of extreme miportance, dummy jomts made 
to a greater depth or at least one third of the depth of the pavement 
be tried. A temporary steel stnp extending through the bmder course 
could be used to keep jomts in sheet asphalt surface straight and could 
be removed after the binder is rolled 

3 That thm premoulded expansion joint material or at least heavy 
roofing felt be placed between the concrete base and the face of curb 
to prevent anchorage and msure functiomng of these contraction jomts. 
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4 That these transverse contraction joints be placed at intervals 
of not more than 20 feet longitudinally to form relatively fine cracks 
which if reproduced m the asphalt surface will heal under summer traffic 
and require little or no maintenance in winter 

5 That the same light, deformed metal strips be used for longitudinal 
jomts to transfer loads between lanes These forms will not need to 
extend mto the binder course if this surface course is held back from 
the edge of base dunng construction 

6 That contraction jomts m parallel lanes be placed opposite one 
another 

7 That in the design of contraction joints for a base such features 
as manholes or the return of the base mto side streets, be taken mto 
consideration These structures give defimte anchorage and might 
prevent the operation of contraction jomts unless provided for in the 
design 

8 That expansion jomts be eliminated from all concrete base con­
struction used under asphalt pavements 

9 That wire mesh be included in sections between contraction joints 
if the subgrade is poor 

Although this paper has mentioned many cracks in this pavement, 
the investigators really had to look for them and we would emphasize 
here that this pavement as a whole is m excellent condition today 
It was only with a hope that we could come nearer to perfection in 
buildmg this type of surface and eliminate a certain amount of mam-
tenance that this experimental work was undertaken We hope that 
by stressing certam imperfections we have not undermined your confi­
dence in a type of pavement that is giving fine service in thousands of 
communities today. 

AN E X P E R I M E N T A L R O A D OF C E M E N T B O U N D M A C A D A M ' 

B Y E M F L E M I N G , Manager 

Highways and Municipal Bureau 

A N D 

A A A N D E R S O N , Highway Engineer 

Portland Cement Association 

[Condensed'] 

Resumption of construction of cement bound macadam after a dor­
mant period of nearly two decades, disclosed a lack of knowledge of 

' T h i s report was presented through the Committee on Design as information 
on the development of an interesting type of road construction No conclusions 
or recommendations are offered by the Committee 

' A more detailed report of this investigation was published in Engineering 
News-Record, February 15, 1934 Volume 7, page 230 
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material requirements, best construction methods and data on which 
designs and estimates could be based. An experimental road on original 
soil near Elmhurst, Illinois, was built by the Portland Cement Asso­
ciation to provide this information. 

The test road included 81 sections constructed with three sizes of 
limestone, three sizes of gravel and one size of slag coarse aggregate. 
These coarse aggregates were penetrated with grout proportioned 1:1, 
l i l j , 1:2, 1:21, l :2 f by weight, made of coarse, medium and fine 
sands and having varying amounts of mixing water. Groups of sections 
were compacted by roUing with 5.8 ton and 3.3 ton tandem rollers, by 
vibratory equipment and by hand tamping. The details of the test 
sections are given in Table I I I . 

Figure 1. Flow characteristics of grout were determined by tests with a "flow 
cone." 

P E N E T R A T I O N O F COARSE A G G R E G A T E 

A study of the requirements for uniform and full penetration of 
coarse aggregate by the grout was one of the more important features 
of the investigation. Obviously penetration Ls influenced by the 
fluidity of the grout and the sizes of the spaces between the coarse 
aggregate particles. Successful penetration was found to depend 
primarily on grout which would flow freely and without segregation 
into the coarse aggregate. 

In order to study the fluidity of grout it was first necessary to develop 
some apparatus which would measure the flow under variable conditions. 
A "Flow cone" (Figure 1), consisting essentially of a funnel to the 
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bottom of which is fitted a | by 1 | mch tube, was found to measure 
satisfactonly and consistently the fluidity of grouts as well as the ap-
proxunate conditions of flow under actual working conditions The 
flow tests showed that the mix, size and gradmg of the sand and the 
amount of mixmg water affect the fluidity It can be seen (Figure 2) 

a/fi9DATION or S/^ND 
J/etv Percent Coarser 
J/ze 0-4 0-8 0-14 

4 3 O o 
14 Sand-

0-6 Jand. 
0-4 .Sand 

10 57 
40 06 
/OO 90 f Tube 

"7 5 9 To 77 72 73-

Tofo/ Mixing Wafer, Gal/onsperJocH of Cemenf 
Figure 2 Flow Curves for Grouts Made of Coarse, Medium and F ine Sands. 

Mix 1 2 by weight 

that the grout becomes more fluid (measured by decreasmg flow time) 
as the amount of mixmg water increases For coarse and medium sand 
this only holds true up to the point of segregation where additional 
water causes reduced flow tune or stoppage Objectionable bleeding 
of free water occurs at water contents below this amount 

T A B L E I 

Coarse Af{gregatc, Inches Flow, seconds Sands, Screen Numbers 

i M 23-25 0-4, 0-8, 0-14 
1 -2 20-22 0-8, 0-14 

\-\\ 17-19 0-14 

The pomt at which this objectionable bleedmg occurs m a grout 
made with any given sand and mix definitely lunits the fluidity which 
can safely be attained with that sand and mix Experience havmg 
mdicated the fluidity necessary to insure satisfactory flow of grout 
through coarse aggregates of the different sizes, it was possible to select 
sand with which the required rates of flow could be safely reached 

It can readily be unagmed what would happen should a coarse sand 
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grout be used with small sizes of coarse aggregate If the water content 
were kept low enough to prevent segregation, the grout would not be 
sufficiently liquid to flow through this coarse aggregate although it 
might be quite satisfactory for coarse aggregates larger in size If the 
water content were increased, the coarse sand particles would separate 
and be deposited in the spaces m the topmost layer of coarse aggregate, 
and only the most liquid portion of the grout could filter through 
This would result in a honeycombed condition m part of the layer of 
coarse aggregate 

Coarse sand grouts are therefore restricted to use with large ag­
gregates, and fine sand grouts must be used with small coarse aggregates, 
requu-mg a more hquid grout Table I shows the rather defimte limits 
fixed by the mvestigation for the fluidity and hence the sand sizes of 
1:2 grouts which can be used to penetrate different sizes of coarse 
aggregate 

COARSE A G G R E G A T E S 

Gravel, lunestone and crushed slag were used in the tests 
Lunestone havmg a wear loss of 8 per cent and a toughness as low 

as 10 did not break up under excessive rollmg This is considerably 
below what was origmally thought possible and materially widens the 
range of useable aggregates Gravel aggregates containmg more than 
about 5 per cent soft particles are objectionable 

- Large size coarse aggregates can be penetrated with grout made of a 
wider range of sand sizes but are more difficult to spread and requu-e 
more grout than small sized aggregates Also pavements made of 
large aggregates are more difficult to finish than those made of small 
aggregate The optimum sizes range between a f to 2 inch size and 
a I J to 2^ inch size The upper range should be used for slag to com­
pensate for crushing of particles where compacted by rollmg 

COMPACTION METHODS 

Rolhng with the 5 8 ton tandem roller resulted m greatest compaction, 
highest strength and use of least grout per mch of volume, but caused 
greatest loss of coarse aggregate through pushmg mto the subgrade 
Rolling with a 3 3 ton roller gave appreciably lower strength and less 
compaction than with the 5 8 ton roller although subgrade losses were 
but little less 

Vibration produced strength just below that obtained with a 5 8 
ton roller although with materially less compaction, except in the case 
of gravel aggregate, hence, more grout per unit volume was required 
The loss of coarse aggregate mto the subgrade was neghgible 

Compaction by hand tampmg gave lowest strength and least con­
solidation but the loss of aggregate into the subgrade was negligible 
The success of this method opens the field of cement bound macadam 
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to small jobs where other compacting equipment is not available or 
accessible 

Compaction, except by vibration, durmg grouting operations is of 
little or no aid to penetration Volume of coarse aggregate and grout 
consumption was more effectively reduced by compaction prior to 
groutmg than by compaction after groutmg Imtial compaction also 
reduced the stone loss and made it easier to judge grout requirements 
and to obtain a good surface finish 

Fmal compaction should be done at a suitable mterval of time after 
groutmg m order to consohdate the voids left m the grout by escapmg 
free water, thus causmg the quality and strength to correspond with 
the water cement ratio of the finished pavement Analyses showed 
that grouts mixed with 7 5 gallons of water per sack of cement retam 
5 3 gallons per sack at the tune of final compaction This accounts 
for the high strengths obtamed 

T A B L E I I 

A V E R A G E S T R E N G T H S — C E M E N T B O U N D M A C A D A M — 1 2 G R O U T , M E D I U M S A N D 

CompactioD by 

Modulus of Rupture, 
Lb per sq in 

Compressive 
Strength, 

Lb per sq in CompactioD by 

7 Day 28 Day 28 Day 

5 8 ton roller 5 6 7 6 8 7 3 9 9 3 

Vibration 5 2 8 6 3 8 3 8 3 1 

3 3 ton roller 4 6 5 6 4 3 4 3 5 2 

Hand 3 8 8 5 6 7 3 8 9 2 

T h e test specimens were taken from the finished pavement 

STRENGTHS 

Pavement built with 1.2 grout of medium (0-8) sand developed the 
average strengths shown m Table I I The 7 day bending tests and 
28 day compression tests for all sections are given m Table I I I The 
test specimens (beams and cores) were taken from the finished pavement 

F I N I S f f l N G METHODS 

FoUowmg compaction whether by rolhng or vibration, the pavement 
was leveled with a longitudmal tampmg template It was found to be 
very effective for this purpose and is largely responsible for the good 
ridmg qualities obtamed This was followed by smoothmg with a long 
handled float and burlap drag Fmal finish was obtamed by brooming 
transversely with a fibre broom 

SUMMARY 

The prmcipal conclusions and recommendations derived from the 
investigation are as follows 
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Pertaining to svbgrade Loss of coarse aggregate mto soft subgrades 
can be overcome with subgrade treatments consistmg of relatively thm 
layers of coarse matenal, thoroughly rolled mto the grade These are 
more effective than finer granular matenal mulched mto grade 

Pertaining to coarse aggregate Gravel, crushed limestone and slag 
are satisfactory for use in cement bound macadam construction 

Large sizes of coarse aggregate are easily penetrated but require 
more grout and are more difficult to spread than small size aggregate 
Pavement made with large coarse aggregate is more difficult to finish 
than that made with small coarse aggregate 

Coarse aggregate rangmg m size between f to 2 mch and 1§ to 2 | 
inch IS the optunum for cement bound macadam 

The loss of coarse aggregate mto the subgrade, under comparable 
conditions, is less for gravel than for crushed stone or slag, and for the 
smaller sizes of the same kmd of aggregate 

Pertaining to grout The "flow cone" developed durmg these tests 
furnishes a practical method for measurmg and controllmg grout 
fluidities 

To avoid objectionable bleedmg, grout proportioned 1'2 by weight 
and made of the coarse (0-4) sand should be lunited to a fluidity corre-
spondmg to a flow time of 21 seconds Similar grouts made of the 
medium sand (0-8) should be limited to a flow of 18 5 seconds If 
more rapid flow is desired, the fine (0-14) sand should be used 

To avoid objectionable bleedmg, grout proportioned 1:2§ by weight, 
made of the medium sand should be lunited to a flow of 19 5 seconds 
and the 1: 2f mix to 20 5 seconds 

Grouts proportioned 1:2 by weight made of the medium (0-8) sand 
produced pavement of somewhat higher strengths than grouts of the 
same mix made of the coarse (0-4) or fine (0-14) sand 

No more mixing water should be used than that needed to produce 
the fluidity requu-ed for penetration 

A volume of grout averaging 17 per cent in excess of the volume of 
voids m the coarse aggregate of the fully grouted pavement is required 
to compensate for the loss of grout and shrmkage in grout volume due 
to escaping water 

Pertaining to compaction Cement bound macadam can be satis­
factorily compacted and finished by rollmg, by vibration, or by hand 
tamping 

Rollmg with the 5 8 ton roller gives the greatest compaction and 
highest strength It also results in greater loss of coarse aggregate 
into subgrades 

Vibration gives strength just less than that obtained with the 5 8 
ton roller, matenally less compaction, except with gravel aggregate, 
and less subgrade loss. 

Rollmg with 3 3 ton roller gives lower strengths and appreciably less 
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Figure 3. Grout was applied through a special distributing box on the end of the 
mixer spout. 

Figure 4. Rolling crushed limestone and slag aggregates before grouting re­
duced the grout consumption and made finishing easier. 
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compaction, although subgrade losses are but little lower, than those 
obtained with the 5.8 ton roller. 

Hand tamping gives strengths and compaction less than those ob­
tained with the 3.3 ton roller. The loss of coarse aggregate into the 
subgrade is negligible. 

Rolling crushed stone or slag before grouting reduces voids and effects 
a considerable saving in grout. 

Loss of crushed stone or slag into, the subgrade is greater when the 
coarse aggregate is not rolled before grouting than when it is rolled 
before and after grouting. 

Figure S. Al l grouted aggregates could be successfully rolled. For best results 
rolling should not follow too saon after grouting. 

Pertaining to construction methods. Sprinkling cf)arse aggregate 
ahead of grouting aids penetration. The addition of one-half gallon 
of mixing water per sack of cement overcomes the flow resistance of 
grout caused by the omission of sprinkling. 

Data on the readiness with which grout flows through coarse aggre­
gate, obtained from observations in inspection holes dug just ahead 
of grouting, is a reliable index of penetration. Actual penetration is 
assured if grout enters at the bottom of the inspection holes when the 
grout on the surface is one foot or more away (Fig. 6). 

Drains from the subgrade should be provided if observations in 
inspection holes dug in the coarse aggregate just ahead of grouting 
sliow an excessive amount of free water flowing ahead of the grout. 
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The proper time interval between grouting and final compaction by 
mechanical means may be gauged by the time when there is no appre­
ciable amount of free surface water and when the slab is partially stabil­
ized by early hardening of the grout. Wet subgrades, low temperatures 
and high humidity increase the time interval. 

The use of a longitudinal tamping template following final compaction 
is of material assistance in securing a good riding surface. 

Wood, poured or premolded bituminous transverse expansion joints 
are satisfactory for cement bound macadam. 

Figure 6. Inspection holes dug in tlie coarse aggregate ahead of grouting proved 
to be a reliable index of the completeness of penetration. 

Pertaining to strengths. Strengths of cement bound macadams are 
comparable to strengths obtained with concretes having water-cement 
ratios the same as those existing in the grout after final compaction. 

Pertaining to quantities of materials. The amount of coarse aggregate 
required depends on amount of compaction and the loss into the 
subgrade. 

The quantity of cement and sand required depends on the proportions 
of the grout, the type, size and grading of coarse aggregate and the 
amount of initial compaction. 

The average absolute volume of coarse aggregate comprises from 
54 to 64 per cent of the total volume of fully grouted pavement. 
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D I S C U S S I O N 
ON 

C E M E N T M A C A D A M E X P E R I M E N T S 

M R R R L I T E H I S E R , Ohio State Highway Departmentf What was 
the approximate length of time after placing of grout that was found 
best for using the roller? 

M R F L E M I N G That will vary with the amount of water m the grout, 
and the rapidity with which it is lost by absorption mto the subgrade 
and aggregate, by evaporation from the surface and by spilhng over 
the forms On our test road last summer, with temperatures as high 
as 90 degrees, rolling after groutmg was delayed from 45 minutes to 
one hour at times Usually the time will range from 30 minutes to 
one hour but under certain conditions may be mucii longer 

M R L I T E H I S E R When you use the vibrator, is a roller also used'' 

M R F L E M I N G . No 

M R W A S H E L T O N , U S Bureau of Public Roads I would like to 
know how tlie cost would compare with an eleven or nine inch concrete 
road 

M R F L E M I N G Cement bound macadam will cost on the average 
from 85 to 90 per cent of mixed concrete per unit volume As coarse 
aggregate goes down in price, cement bound macadam costs will also 
drop in comparison with mixed concrete because of the larger volume 
of coarse aggregate used 
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G R A V E L T Y P E S T A B I L I Z E D S U R F A C E S F O R S E C O N D A R Y 
ROADS' 

B Y R A Y B T K A V E R S , Courtly Superintendent of Highways, Syracuse, New York, 
AfiD W B H I C K S , Solvay Process Company 

SYNOPSIS 

Low cost stabilized gravel type surfaces have been developed as 
one approach to the problem of improvement of secondary roads 
The process described in this paper consists in building on a graded 
road a surface course of a mixture of coarse aggregate, fine aggregate, 
silt and clay, proportioned for maximum stability according to the 
latest methods, and treated with a deliquiscent salt to preserve the 
stability and keep down the dust by maintaining it in a damp con­
dition The report discusses specifications for materials and mixtures 
and describes the methods used on 300 miles of roads in Onondaga 
County, New York 

There are approximately 2,300,000 miles of unimproved secondary 
roads m this country, representing 80 per cent of the total road mile­
age of the Umted States In recent years there has been an increasing 
demand for the development of a low cost road construction program 
that would involve the improvement of these secondary roads One 
approach to this problem has been the development of the low cost 
stabihzed gravel type roads 

Fortunately, prior to this development the Bureau of Pubhc Roads 
and other research orgamzations had already made extensive investiga­
tions on subgrade and dirt road soils, particularly as regards their sta-
bihty They had developed methods of testing such soils and had 
shown that proper mixtures of coarse aggregate, fine aggregate, silt and 
clay make satisfactory wearmg courses for dirt roads when properly 
maintained m a shghtly moist condition Durmg the last two years the 
results of these investigations have been put on a practical basis through 
large scale experiments by certain research groups, through many test 
projects, and through road construction mileage in various localities 

Grading and draming are the first steps m this development, and are 
required ahke for all improved roads These items usually absorb a 
large share of the cost in the construction of a stabihzed gravel type 
road 

Preparation of the wearing course is the second step and usuaUy 
absorbs the second largest share of the cost This mvolves adding cer-

' This report was received too late for inclusion on the program of the Twelfth 
Annual Meeting, but was suggested for publication by the Committee on Design 
as information on the development of one interesting type of low cost road No 
conclusions or recommendations are offered by the Committee Observations of 
stabilized surfaces, built as described in this report, should be continued in order 
to determine their behavior under different weather conditions 
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tain soil or aggregate ingredients to the subgrade to stabilize the surface 
or else adding stabihzed soil mixtures of suitable thickness Selection of 
proper materials for this purpose is of paramount importance 

Treatment with a dehquescent salt is a third and important step, 
but IS a minor item as regards cost 

Mamtenance is an important consideration because stabihzed gravel 
type roads must be properly maintained to keep them in satisfactory 
condition 

Figure I 

1. Gravel aggregate. Screen size—on No. 10 sieve—through f-lnch + , stone 
larger than f-lnch should be raked out of the top surface, to facilitate blading 
This ingredient contributes rigidity and high Internal friction and adds to the 
mechanical stability of the road surface 

2. Coarse sand. Screen size—through No. 10 sieve—over No 40 sieve 
Serves same purpose as gravel, helps lock gravel in place 

3 Fine sand Screen size—through No 40 sieve—over No 270 sieve. Serves 
same purpose as gravel, fills voids In coarse sand, non-expansive Ingredient 

4. Silt. Has high capillary properties, serves as a reservoir for calcium, con­
tributes but little to rigidity of road surface, fills voids in fine sand, expands when 
moistened Has no cohesive properties or toughness. 

5 Clay Supplies cohesion or toughness, has expansive properties, fills voids 
completely making road surface Impermeable, serves as a reservoir for calcium. 

6. Calcium Tends to keep moisture' of road surface at an optimum content 
which maintains toughness of road. It is driven Into the road surface by rains, 
reappears at the surface by capillarity in dry weather. Reduces evaporation and 
attracts moisture from the atmosphere 

The ideally stabihzed gravel type weanng course may be defined as 
one that wiU give proper support to wheel loads, that will not become 
shppery and rut up m wet weather, and will not become dusty m dry 
weather In general the aggregate'should be embedded m the sod 
mortar, leaving the surface smooth with a mosaic appearance and 
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practically free from floatmg material An idealized cioss section of 
such a wearing course is shown in Figure 1 

The road to be improved is first brought to subgrade and provided 
with adequate culverts and side ditches A wearing course of stabihzed 
matenal of suitable thickness (mimmum three mches) is then bmlt onto 
the subgrade A typical section of such a road as constructed in 
Onondaga County, N Y , is shown in Figure 2 

COMPOSITION AND CHARACTERISTICS O F T H E W E A R I N G CODRSE 

Materials specifications for the wearing course have been proposed by 
the Calcium Chloride Association as follows. 

(1) Coaise aggregate comprises the portion retained on a No 10 sieve 
and may consist of gravel, crushed stone, or slag, or combinations there­
of In all cases 90 per cent chall pass a sieve haviAg f inch square open­
ings, and 100 per cent shall pass a sieve having 1 inch square openings 

•f3-6 aen/een /mfrierr imes 
(3 mo\ jm/re) 

* a- s-0- s-tr 

L- ' ''-''ii'-ri'rA-csgyjiiiait? 

Figure 2 Typical Section of Stabilized Gravel Type Road 

(2) Fine aggregate comprises the portion passing a No 10 sieve and 
retained on a No 270 sieve, and may consist of sand, crushed stone, or 
slag, or combmations thereof 

(3) Natural soil binder shall consist pnmarily of fine soil particles and 
shall contain no stones which will not conform to the course aggregate 
requirements, and also shall not contain more than 5 per cent organic 
matter 

Its bindmg properties shall be such that it provides the required 
physical properties to the finished mixture as hereafter described 

(4) Finished mixture shall consist of coarse aggregate, fine aggregate, 
and natural soil binder, supphed individually or in combination, to give 
the following proportions: 

Passing 1 inch sieve* 
Passing f inch sieve 
Passing No 4 sieve 

100 per cent 
95 per cent 

50 to 85 per cent 
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Passing No 10 sieve 
Passing No 40 sieve 
Passing No 270 sievef 

40 to 65 per cent 
25 to 50 per cent 
10 to 25 per cent 

The fraction passing the No 270 sieve shall not be more than two-thirds of the 
fraction passing the No 40 sieve 

The fraction passing the No 40 sieve shall have a plasticity index between 6 
and 14 as determined by physical test methods of the U S Bureau of Public 
Roads (Described in "Public Roads," Vol 12, No 8, October, 1931 ) 

* Sieves for gradation analyses shall have square openings and shall be the 
U S Standard Series for No 4 and finer sieves 

t Standard settling rate test ordinarily used m the mechanical analysis elimi­
nates the need of the No 270 sieve 

(5) Calcium chloride shall conform to the requirements of the Ameri­
can Society for Testmg Materials, Tentative Specifications for Calcium 
Chlonde for Dust Prevention (D98-30T) 

/"or/zc/e Grado/^ion - U 3 Siei'e A/umber 
2>e log lOo 60 20 

002 OOS 01 02 05 I z 

Parhcle Size /n Atil/imefers 

Figure 3. Grading of Stable Soil Mortars 
(6) Quantities of pit run gravel, stone, slag, soil binder, etc , required 

to produce the fimshed mixture described above shall be determined by 
laboratory tests on the supphes of materials which are available and 
shall be specified in cubic yards or tons per mile of road 

"Figure 3 shows a chart representmg gradmg of good soil mortars, 
redrawn from one pubhshed by the Bureau of Pubhc Roads in "Pubhc 
Roads," Vol 12, No 5, July 1931 This chart includes only the soil 
mortar or material passing the No 10 sieve To use the chart, a 
mechamcal or sieve analysis of the soil is first made, and the fraction 
passing the No. 10 sieve calculated to 100 per cent The resultmg 
percentages passing the several sieves are plotted on the chart agamst 
sieve opemngs or particle sizes. If the curve so obtained falls withm 
the shaded area, the gradation will be satisfactory. When such a soil 
mortar is mixed with 35 to 60 per cent of graded coarse aggregate, the 
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mixture should have the proper gradation for a satisfactory wearmg 
course 

"Figure 4 is a similar chart but representing the entire wearing course 
including both coarse aggregate and soil mortar To use this chart, a 
mechamcal or sieve analysis is first made, and the fraction passing a 1-m 
sieve IS calculated to 100 per cent The resultmg percentages passmg 
the several sieves are plotted on the chart against sieve openings or 
particle sizes If the curve so obtamed falls within the shaded area and 
has a distinct contmuous slope, the matenal may be considered to have 
the proper gradation for a satisfactory wearmg course " 
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Figure 4 The data of Figure 3 Revised to Include 40 to 55 per cent of Coarse 

Material Retained on the No 10 Sieve 

Analytical data relative to the wearing courses on several stabihzed 
gravel type roads m Onondaga County, N Y , are given in Tables I , I I 
and I I I The data show that the Berwin Road and Kieffer gravel fall 
within the hmits of the Bureau of Public Roads chart (Figure 3) All 
of the other wearing courses fall withm the hmits of this chart for the 
amount passmg the No 40 sieve, but fall above the hmits for the amount 
passing the No 270 sieve They all meet the specifications given herein 
except the Lakeland Road The latter wearmg course is shghtly low 
in the amount passing the No 40 sieve and also m the plasticity index, 
and the fraction passmg the No 270 sieve is more than two-thirds of 
that passing the No 40 sieve 

A few comparatively simple tests mil determine whether or not a 



TRAVERS AND HICKS—GRAVEL TYPE SURFACES 233 

given sod mixture will remam stable in the weanng course under traflSc, 
and what materials if any need to be added to the subgrade to stabihze 
it They involve gradation analysis and the determination of the plas­
ticity index Methods of making these tests have been developed by 
the Bureau of Pubhc Roads ("Pubhc Roads," Volume 12, No 8, 
October, 1931) After tests have been completed on materials to be 
used in constructing the wearing course, the quantity of the several 
materials reqmred to be nuxed together to form a product which will 
meet the specifications and which will conform to the limits given in 
the chart (Figure 4) should be calculated 

Occasionally run of bank gravel will contain about the right propor­
tions of coarse aggregate, fine aggregate, silt and clay to form a stabihzed 
road surface 

T A B L E I 

ANALYSIS OP W E A R I N Q C O U R S E S ON G R A V E L T Y P E ROADS IN ONONDAGA C O U N T Y , 
N Y * 

Berwin 
Road 

7th 
North 
Street 

Lakeland 
Road 

Kiefler 
Gravelf 

Fer Cent Per Cent Per Cent A-er Ceut 

Coarse Aggregate (Between 1 inch and No 10 
sieve) 49 0 36 3 61 1 47 3 

Coarse Sand (Between No 10 and No. 40 
sieves) 19 8 24 6 15 3 24 6 

Fine Sand (Between No 40 and No 270 sieves) 17 1 15 6' 6 9 17 6 
Silt and Clay (Finer than No 270 sieve) 14 1 23 2 16 7 10 5 
Plasticity index 8 7 5 7 

* Stones larger than 1 inch not included in sample 
t Used in construction of wearing course on a good many roads 

CONSTRUCTION P R A C T I C E I N ONONDAGA CODNTY, N E W YORK 

The roadway to be improved is first brought to grade and provided 
with adequate culverts and ditches It is then thoroughly compacted 
with a roller weighing not less than ten tons or rammed in places that 
cannot be rolled Soft spongy ground that will not compact under the 
roller and silt areas that may transmit large volumes of water are re­
moved, the excavation filled with suitable matenal and then thoroughly 
rolled or rammed 

Where the ground water is near the original surface, the subgrade is 
built up or the side ditches are made deep enough to depress the ground 
water level three or four feet below the crown of the road Ground 
water level means the depth at which water will stand in a well or pit 

Matenal from the side ditches is generally used to bmld up the sub-
grade provided it will stand the weigh}, of the ten ton roller 

In case silty or other soils are encountered which retain an excessive 
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amount of water and are subject to swelhng and heavmg under the 
action of frost, and yet are not considered detrimental enough to require 
replacement, tile or other means of subdramage are provided 

After the gradmg and draimng have been completed, a weanng course 
of smtable thickness is bmlt onto the subgrade This weanng course 
consists of a mixture of coarse aggregate, fine aggregate, silt and clay, as 
described in the specifications quoted and as illustrated in Figure 4 

The wearing course may be built up in two different ways In one 
method selected materials are added to and mixed with the subgrade 
soil in the proper proportions to make a stabihzed mixture of suitable 

T A B L E I I 

GRADATION ANALYSIS OF M A T E R I A L S PASSING N O 10 S I E V E PROM W E A R I N G 
C O U R S E S IN ONONDAGA COUNTY, N E W Y O R K 

Limits of 
Chart 

Figure 3 
Berwin 

Road 
7th 

North 
Street 

Lakeland 
Road 

Kieffer 
Gravel 

Per Cent Per Cent Per Cent Per Cent Per Cent 

Passing No 10 sieve 100 100 100 100 100 

Passing No ' 40 sieve 50-67 58 61 2 60 7 53 3 

Passing No 270 sieve 16-30 27 7 36 6 43 0 20 0 

T A B L E I I I 

GRADATION ANALYSIS OF M A T E R I A L PASSING 1 INCH S I E V E FROM W E A R I N G 
C O U R S E S IN ONONDAGA COUNTY, N E W Y O R K 

Limits 
of Speci­
fications 

Berwin 
Road 

7th 
North 
Street 

Lakeland 
Road 

Kieffer 
Gravel* 

Per Cent Per Cent Per Cent Per Cent Per Cent 

Passing 1 Inch sieve 100 100 100 100 100 

Passing No 10 sieve 40-65 51 0 63 4 38 9 52 7 

Passing No 40 sieve 25-50 31 2 38 8 23 6 28 1 

Passing No 270 sieve 10-25 14 1 23 2 16 7 10 5 

* Used m construction of wearing course on a good many roads 

thickness Thus a part of the subgrade soil is utihzed in buildmg up the 
wearmg course The matenals to be used are selected and the propor­
tions determined in the manner previously outhned In buildmg up the 
wearing course, the subgrade surface is first scarified to the desired 
depth and bladed mto wmdrows at the shoulders. Selected matenals 
are then placed on the roadway m the correct proportions, and thor­
oughly mixed with the subgrade soil by bladmg and harrowing 

A second method of bmldmg up the wearing course is to spread on the 
subgrade selected materials of the proper composition and physical 
properties to form a stabihzed layer of suitable thickness In this 
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Figure 5. Road before Start of Construction 

Figure 6. Road Under Construction 
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Figure 7. Typical View Showing Road Under Construction 

Figure 8. Typical View Showing Road Under Construction 



T A B L E I V 

AMOUNT OF C A L C I U M C H L O R I D E R E Q U I R E D FOR MAINTAINING O N E M I L E OF ROAD 

-Width in 
Feet 

Square 
Yards per 

Lineal Foot 
Square Yards 

Per Mile 
Amount per 
Square Yard 

Founds 
Drums 400 
Lbs Each 

Bags 100 
Lbs Each Tons 

0 5 6 24 1 17 
1 0 12 47 2 34 

8 9 4693 • 1 5 18 71 3 51 
2 0 24 94 4 68 
2 5 30 118 5 85 

0 5 7 30 1 47 
1 0 15 59 2 93 

10 1 1 5866 • 1 5 22 88 4 40 
2 0 30 118 5 86 
2 5 37 147 7 33 

0 5 9 36 1 76 
1 0 18 71 3 52 

12 1 3 7040 1 5 27 106 5 28 
2 0 35 141 7 04 
2 5 44 176 8 80 

0 5 10 41 2 06 
1 0 21 82 4 11 

14 1 5 8213 1 5 31 124 6 17 
2 0 41 165 8 22 
2 5 51 206 10 28 

0 5 12 47 2 35 
1 0 23 94 4 69 

16 1 7 9387 • Vb 35 141 7 04 
1 2 0 47 188 9 38 
t 2 5 59 235 11 73 

f 0 5 13 53 2 62 
i 1 0 27 106 5 23 

18 2 0 10560 { 
1 

1 5 39 159 7 85 10560 { 
1 2 0 53 212 10 46 
I 2 5 66 264 13 08 

0 5 15 59 2 94 
1 0 29 118 5 87 

20 2 2 11733 • 1 5 44 176 8 81 
2 0 59 235 11 74 
2 5 74 294 14 68 

f 0 5 17 65 3 23 
1 1 0 32 129 6 45 

22 2 4 12906 I 1 5 49 194 9 68 
2 0 65 259 12 90 
2 5 81 323 16 13 

• 0 5 18 71 3 52 
1 0 35 141 7 04 

24 2 6 14080 1 5 53 212 10 56 
2 0 70 282 14 08 
2 5 88 352 17 60 

237 
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method no part of the subgrade soil is utihzed in buildmg up the weanng 
course Frequently run of bank gravel is satisfactory for this purpose 
In other cases, mixtures of materials from two or more sources may be 
necessary In the latter case the matenals after having been spread 
on the road surface must be thoroughly mixed by bladmg and harrowing 

After the stabihzed surface layer has been built on the subgrade, the 
road IS shaped up to the dimensions shown m Figure 2, leaving a slope 
from crown to shoulder It is then compacted with the ten ton roller, 
rolhng from the outside toward the center of the road Any low places 
are brought to grade by blading, followed by rolhng 

In Onondaga County, New York, where some 300 miles of this type 
of road have been constructed the weanng courses have been built 
generally from run of bank gravel and the materials selected by ihe 
engineer without the aid of a soil analyst The wearing courses on 
several roads however, have been made by combining two or more 
materials, and m some cases soil analyses have aided in the selection of 
matenals Good wearing courses have been produced by a top dressing 
of shale sand over a layer of run of crusher hmestone and also over sandy 
gravel In other cases where the surface contained an excessive amount 
of clay, shppermess has been prevented by a top dressing of hmestone 
screenings (f inch down) 

Hand labor has been used to a large extent in Onondaga County. 
Most of the grading and drainage work and the spreading of the ma­
terials for the wearmg course have been done by welfare workers 
Figure 5 shows a typical road before construction was started Figures 
6, 7 and 8 show typical views of roads under construction, illustrating 
hand labor operations Figure 9 shows the application of calcium 
chlonde, and figures 10, 11, 12 and 13 show typical views of the com­
pleted road under traffic 

After the roadway has been provided with a wearing course of matenal 
having the proper gradation and physical properties, the stabUity of this 
weanng course is developed and preserved by treatment with calcium 
chlonde For this purpose flake calcium chloride should be sown m 
place with a calcium spreader This is best done when the road surface 
IS in a damp condition In dry sections of the country it may be desir­
able to sprinkle the road in order to render the weanng course mojst 
before applying the calcium chloride When the road is constructed 
in the sprmg or early summer, the amount of calcium chlonde reqmred 
for the first season will be about two pounds per square yard This 
should be apphed m two or more apphcations The imtial apphcation 
may vary from 0 6 to 1 5 pounds per square yard, followed by lighter 
apphcations as reqmred When the road is constructed in the late 
summer or fall, the quantity used the first season may be advantage­
ously reduced to 1 5 or 1 pound per square yard 

The quantity of calcium chloride required for treating one mile of road 
is shown m Table I V 
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Figure 9. Application of Calcium Chloride 

A * . ' 

Figure 10. Completed Road 
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Figure 11. Completed Road 

Figure 12. Completed Road 
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The method of applying calcium chloride to a road surface is generally 
well known, and is illustrated in Figure 9. 

Figure 13. Close up View of Completed Surface 

wiNDtoiv feom/enonep 
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jANo t^iru sua6ieAPe ffAr^fiAi. 
Aj eeat/ie^o ^oiPA jrASiL /zee 

, CLAY; JAMO ANO SKAfeL 

f ,fOLLeD Jc/eseAOf 
^UOGgAD^ 

JSfC-/f//. r/^^ot/au XoAOiV/ir' 
^AWM/ir£e/AL Bppoef 

Figure 14. Process for Incorporating Clay with Sand, Gravel and Subgrade 
Material 
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The function of the calcium chloride is to retain as much moisture as 
possible in the surface through its properties of retardmg evaporation 
from the surface and of attractmg moisture from the air It is driven 
mto the road surface by rains but is redrawn to the surface in dry 
weather by capillanty Other thmgs bemg equal it serves its purpose 
best when the wearmg course has the optimum composition and physical 
properties In such a case a mimmum of calcium will be required 
With poor gradation and low plasticity index more than the normal 
amount may be reqmred to keep the proper amount of moisture in )the 
wearing course 

After the imtial apphcation of calcium chloride has been made, the 
construction may be considered complete and the road opened to traffic 
Figures 10, 11, 12 and 13 show tyTpical views of completed stabihzed 
gravel type roads in Onondaga County, New York, after traffic had been 
on them for some time 

MAINTENANCE 

Whenever the roadway surface loses its crown and smoothness, it is 
reshaped by blading from the edges inward in a manner that will gather 
the loose material from the shoulders, cut off the high places and fill in 
the low ones This is best done following heavy rains, usmg hght equip­
ment For early spnng maintenance heavy equipment may be needed 
Maintenance material consistmg of properly graded soil is added as 
required 

Flake calcium chlonde is apphed as needed to mamtam a moist con­
dition of the surface, thus ehmmatmg dust and preventing ravehng of 
the road surface Under ordinary chmatic conditions and normal 
country road traffic, the quantity required varies from about one to 
two pounds per square yard per season This is spread on the damp 
road surface with a calcium spreader The calcium chlonde is utihzed 
to the best advantage when several light apphcations are made per 
season 

HESEAHCH SUGGESTIONS 

There are a number of problems which need studjong m connection 
with the development of this type of road Among the more prominent 
problems, we suggest the following: 

1 The influence of subgrade characteristics on specifications for the 
wearmg course 

2 Utilization of shale sand which shows very httle plasticity on tests 
but which weathers on the road yielding satisfactory binding 
material 

3 Development of machinery for mixmg matenals formmg the wear­
ing course A suggestion along this hne is shown m Figure 14. 

4. Study of the comparative economics of automobile operation on 
this type of road 
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5 Quick testing methods apphcable for use in the field 
6 Study of rnaantenance costs 

R E F E R E N C E S 

Present Trend of Subgrade Research, C A Hogentogler and E A 
Willis, Soil Stabihzation, pages 173-174, Twelfth Annual Proceed­
ings, Highway Research Board, Part I 

The Use of Calcium Chloride as a Dust Palhative, Fred Burggraf, Twelfth 
Annual Proceedmgs, Highway Research Board, Part I I 

The Subgrade Soil Constants, Their Sigmficance and Their Apphcation 
in Practice, C A Hogentogler, A M Wmtermyer, and E A 
Wilhs "Pubhc Roads," Volume 12, Number 5, July, 1931 

Procedures for Testing Soils for the Determination of the Subgrade Soil 
Constants, A M Wmtermyer and E A Wilhs "Pubhc Roads," 
Volume 12, Number 8, October, 1931 
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HIGHWAY LIGHTING RESEARCH ^ 

B Y ARTHUR F LOEWE 

Special Representative, General Electric Company 

SYNOPSIS 

The development of the use of sodium vapor as an illumiuant and 
its application to street and highway lighting is discussed The use 
of this new source of light will mean many changes in present prac­
tices and the research engineers are working on the problem of its 
most efficient use The sodium lamp derives light from the passage 
of an electric current through a vapor of sodium with a small quantity 
of Neon gas When the current is turned on the lamp first glows red 
as the Neon gas carries the arc and then turns gradually to a golden 
yellow as the sodium vaporizes The process is fully described 
The application of the lamp to highway lighting is then considered 
from the standpoints of "On what does the effective seeing of an 
object depend?" "How must the sodium vapor illumination be 
applied^"' "What are its visual advantages?" The relation of 
various kinds of road surfaces to lighting problems is brought out, 
and the possible future economies that may be realized are dis­
cussed Two demonstrations in New Jersey as in accord with the 
Illuminating Engineering Society's Code are described and 
illustrated 

Even during these past years of economic stress when the expenditure 
of dollars and even of cents has been very carefully balanced by the 
value received^ there has been in many parts of the country a growing 
appreciation of the value of adequate street and highway illumination 
as a safety and saving factor m the affairs of the general public Re­
cently has come the announcement that sodium vapor as an illuminant 
has been developed to such a pomt that actual demonstrations may be 
made m order not only to study its practical application, but also to 
study its relative desirabilities and limitations as compared to our 
present modern illummants 

For many years the Research Laboratories have labored with the 
problem of developing more efficient light sources Hand m hand with 
this problem have gone the alhed problems of engmeering development, 
economic analysis, apphcation studies and the visual reactions of the 
"human seeing machme." Unfortunately, the acceptance of adequate 
illummation as well as the acceptance of many other developments 
having to do with human welfare has lagged matenally behmd the 
developments worked out by the research and apphcation engmeers 

We are mdeed standmg upon the very threshold of a new and better 
era in illumination of streets and highways for we now may combine 
not only the possibihties of potential application and generative effi­
ciencies, but we now also have the realization of the economic advantages 
of good illumination as well as the fact that we are but "human seemg 
machmes" and react accordmg to the facihties which are provided 
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In order to develop a sound structure upon which we may build our 
future store of knowledge and appreciation of sodium vapor as a high­
way ilhimmant, the subjeĉ t should be divided mto sue parts 

1 The scientists' developments applied to present conditions 
2 How IS sodium vapor used as an illiunmant' 
3 Why does sodium vapor radiate hght' 
4 Upon what does the .effective seeing of an object depend' 
5 How must sodium vapor be apphed and what are its visual 

advantages' 
6 What economies may the future hold for the ultunate consumer' 

SCIENTISTS' DEVELOPMENTS A P P L I E D TO P R E S E N T CONDITIONS 

The maximum efficiencies and advantages of many scientific devel­
opments are not made unmediately available to the general pubhc, if 
these developments depart radically from used and accepted equip­
ment There has always been a general resistance of the pubhc to 
adopt quickly major changes If the new developments necessitate 
entirely new equipment, there are major economic considerations which 
must be properly evaluated For example, in the automotive field, 
the lowered wind resistance of the "tear-drop" design has been known 
This year, however, is the first that we have seen any commercial 
companies even approximatmg this shape In the field of illummation, 
we are all familiar with the slow change that has taken place in the 
candelabra type of luminaire and the acceptance of adequate and proper 
illumination from mdirect and locahzed sources 

Manufacturers do the great proportion of research and development 
Then- activities are dictated to a considerable extent by commercial 
expediency Revolutionary developments are very slowly applied to 
public benefit, on account of the cost and public mertia 

The research laboratory developments of high efficiency light gener­
ation through sodium vapor must be tempered by the fact that this 
illuminant, revolutionary as it is, is but a step forward from that of 
tungsten sources Therefore, the engineer must give due consideration 
in his developments to the existing 100 volt range multiple systems 
and 5 to 7 ampere range series'systems as are generally found here in 
the Umted States He must compete with the simplicity of auxihary 
operating devices of the incandescent system as well as its instantaneous 
startmg characteristics and stability of intensity In addition, in 
order to use efficiently the sodium vapor lamp of low intrinsic brilhancy 
and large physical dimensions, for highway lighting, he must combat 
the antiquated though extensively used systems of low mounted pole 
top umts with the hght source placed at one side of the road (see Figures 
1 and 2) These are all conditions which militate against the most 
efficient application of the high efficiencies developed m the laboratory 
lamps. 
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HOW IS SODIUM VAPOR U S E D AS AN I L L U M I N A N T ? 

The sodium lamp derives light from the passage of an electric current 
through a vapor of sodium rather than from a tungsten wire; therefore, 

Figure 1. Efficient Liglit Application 6000 Lumen Lamps^20-Ft. Mounting 
Height—ISl-Ft. Linear Spacing. 6-Ft. Bracket. Asphalt Pavement. Note 
how the specular reflection practically covers the entire traveled roadway. 

Figure 2. Inefficient Light Application. 10,000-Lumen lamps—13-Ft. Mounting 
Height. 173-Ft. Linear Spacing. Lamps 3 ft. back of road surface. Asphalt 
Pavement. Note how specular reflection does not cover traveled road surface. 
Lighting conditions would be even worse than indicated on a straight-away. 

as with all gaseous conduction lamps, it has the fundamental char­
acteristics of an arc lamp resulting in the need of devices for limiting 
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the rise of current Generally a system of a cathode and two anodes 
or two cathodes and two anodes is employed in an evacuated bulb (see 
Figure 3) A carefully measured quantity of pure sodium and a small 
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Figure 3. Schematic Diagram, 10,000 Lumens A.C. Sodium Lamp. With 
Series Transformer. 

quantity of Neon gas are placed m the globe which is of special sodium 
resisting glass When the cathode is heated by a low voltage external 
circuit and a potential applied between the anodes and cathodes, the 
lamp glows first red, as the Neon gas carries the arc, turning gradually 
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to a golden yellow as the sodium becomes vaporized m sufficient quan­
tity In this latter state the light is essentially monochromatic, falling 
close to that portion of the spectrum which provides the greatest retinal 
sensitivity It is believed that this quality of radiation will remain 
practically as we have it today, due to the inherent sodium vapor 
characteristics However, it is anticipated that the equipment used 
for generation and distribution of light will be further sunplified even 
in the light of tiie great simplification that has already been realized 
to date 

T H E PRODUCTION O F L I G H T FROM A GAB 

To obtain a clear yet simple picture of this most interesting phe­
nomenon we must presuppose a particular set of conditions m order 
to arrive quickly at the critical pomt of emission of radiant energy 
recognized commonly as light In the most simple form of sodium 
vapor tubes, we have the evacuated glass enclosure with a low pressure 
Neon gas content, plus a definite amount of metallic sodium At one 
end of the tube is a simple anode and at the other a cathode consisting 
of materials which freely produce electrons when the cathode is heated 
through application of voltage'across its termmals by a separate source 
In order to obtain sufficient sodium vapor m the tube, the Neon gas 
arc IS struck by application of proper voltages between anode and cath­
ode, producmg sufficient heat to vaporize the sodium When this 
point IS reached the sodium arc strikes and the voltage between the 
anode and cathode is reduced to the operating level This voltage 
level must be sufficient to provide acceleratmg voltage for complete 
ionization and yet low enough to prevent the destruction of the cathode 
by bombardment of the positively charged sodium ions We then 
find a condition of free electrons bemg released from the heated cathode 
attempting to travel to the anode through a space (plazma) partially 
filled with positively charged sodium vapor atoms m equilibrium with 
their negatively charged electrons travelmg in their accustomed orbits 

The production of light from a gas is brought about by its bombard­
ment with electrons emitted from the hot cathode When the velocity 
of the collidmg electron is less than a certain value, critical for each 
gas, the electron sunply bounces off suffering a change m direction but 
causing no disturbance in the atom which it strikes If the velocity 
of the electron exceeds the critical value it may give up a defimte 
amount of its energy to the atom An atom with this extra amount 
of energy is said to be excited When this extra energy is given up 
on the return of the atom to its normal state, the energy is given up 
as radiation, the wavelength of which depends upon- the magnitude 
of the energy transfer at the time of collision 

If the energy of the impmgmg electron is still higher than m the case 
just described other excited states may be produced The energy 
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radiated as the atom returns to normal through each of these stages 
IS characteristic of the state m which the transfer is takmg place This 
accounts for the findmg of more than the D Imes upon spectral analysis 

When the energy of bombardmg electrons is in excess of another 
critical value called the ionization potential, the atom may be com­
pletely disrupted into a positively charged nucleus or positive ion and 
a second electron 

Electrons on passing through a gas may then do any of three things 
1 Suffer an elastic collision with no appreciable loss of energy 
2 Excite gas atoms which give up their energy later in the form 

of radiation 
3 Ionize gas atoms producmg positive ions, thus neutralizing the 

electron space charge and rendermg the space more conductive. 

CATHODC 

SHEATH 

ANODE 

Figure 4. Schematic Diagram Illustrating Production of Light from a Gas 

In the usual gas discharge the applied potential is concentrated within 
a very short distance of the cathode leaving the remainder of the space 
practically field free The distribution of potential between electrodes 
IS shown at the bottom of Figure 4 The region of high voltage drop 
is known as the cathode sheath and the remaining region which, as 
mentioned above, is practically field free, is called the plazma The 
electrons from the hot cathode arc accelerated by the voltage drop 
in the cathode sheath and then travel through the plazma with prac­
tically no further energy increase In other words, the potential energy 
of the supply voltage is converted mto kinetic energy of electrons in 
the cathode sheath As the electrons diffuse across the plazma this 
kinetic energy is dissipated in the production of excitation and ioni­
zation of the gas atoms The energy consumed by excitation is later 
given up as radiation while the positive ions and the slow speed electrons 
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(the products of ionization) diffuse to the walls where they recombme 
and give up their energy in the form of heat 

When the sodium lamp is first started the discharge is wholly Neon 
and the processes taking place are those described above The heat 
resultmg from this arc raises the bulb temperature and vaporizes 
sodium When this occurs the electrons m the plazma also collide at 
times with the sodium atoms causmg excitation of the latter which in 
turn produces light 

Sodium has the unique characteristic that most of the visible radi­
ation IS resonance radiation That is, most of its visible radiation re­
sults from the return of its excited atoms to normal from the lowest 
energy level The wavelength of this radiation is close to the region 
of maximum retmal sensitivity These two facts, high percentage of 
resonance radiation, and the high retmal sensitivity to that wave­
length, make sodium light production at very high efficiencies possible 

Fortunately about 75 per cent of the visible energy is radiated m 
the yellow or D bands of the spectrum The reason that this is for­
tunate can only be explained by a discussion of vision 

In Figure 4 the energy of the electrons is shown diagrammatically 
by the width of the line representing its path The electron at A 
collides elastically with a gas atom of 1 and bounces off in a new direc­
tion Its collision with an air atom at 3 results in excitation of the 
atom and a reduction in the energy of the electron After a second 
excitation its energy is below the mmimum excitation potential and it 
has only elastic collisions throughout the remainder of its path The 
excited atom at 3 returns to its normal state and emits a quantum 
of hght 

The remainmg two electrons at B and C produce excited atoms and 
also ions The ion produced by the electron (B) moves back to the 
cathode counteractmg electron space charge while that found by (C) 
together with an electron is shown diffusing to the walls The recom­
bination of ions and electrons at the walls is one of the sources of heat 
in the arc discharge This production of heat is one of the barriers in 
practice to obtainmg laboratory efficiencies near theoretical maximums 

ON WHAT DOES T H E E F F E C T I V E S E E I N G O F AN O B J E C T D E P E N D ' 

Doctor M Luckiesh of the Lighting Research Laboratories of the 
General Electric Company at Nela Park in his "The Applied Science 
of Seeing" has classified the major factors on which visibility of an 
object depends into eight parts 

1 Its size or usually the size of certain critical details In 
printed letter, for example, the size of cntical details is about 
one-fifth of the overall size of the letter 

2 Its distance from the eyes This datum combined with the 
physical size of the object is usually expressed as minutes of 
visual angle 
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3 Its contrast with its background 
4 Its brightness or that of its background which depends upon 

the reflection factors and the intensity of illumination 
5 The time available for seeing 
6 The ability of the eyes which depends upon their freedom from 

defects or the correctness of glasses 
7 The ability of the "human seeing machine" which depends upon 

such factors as mtelligence, experience, reaction, concen­
tration and application 

8 Various other visual and lightmg factors such as glare, adap­
tation, and the color, brightness and pattern of surroundings 

In discussing the relative merits of sodium vapor as an illummant, 
the item of contrast of an object with its background, as well as the 
object's brightness or that of its background, and the element of glare, 
are those which may have most weight in deciding the relative advan­
tages of one illuminant over another 

Increased visual acuity has undoubtedly received more attention 
from the press than any other factor associated with this new illummant 
However, due to the particular monochromatic character of sodium 
radiation, it has been generally conceded that the big field for this new 
illuminant is for highway lightmg and perhaps some fields of inspection 
where color discrimination is not a factor In highway lighting, how­
ever, visual acuity is not the great factor because visual acuity is gener­
ally defined as the abdity to distmguish fine details This is an essential 
of good lighting and good vision, but undoubtedly has been over­
emphasized in the discussion of seeing When discussed in conjunction 
with highway lightmg, its exact importance is not definitely known, 
and at present is considered not of greatest moment It may be con­
ceded that visual acuity under sodium illumination is of greater ad­
vantage under low levels of brightness than high levels The levels 
to date, however, that have been investigated are still higher than 
those levels we are accustomed to dealmg with in highway illummation 
In this field of illummation, our vital interest is not in the detail of an 
object, but is there an object in our pathway which will provide a 
hazard Information on this matter is being gathered as rapidly as 
possible 

HOW MUST SODIUM VAPOR ILLUMINATION B E A P P L I E D AND WHAT ARK 
ITS V I S U A L A D V A N T A G E S ' 

The methods of discernment of an object upon the roadway regard­
less of the quality of illummation still will fall mto four classifications 
(see Figure 5) 

1 Discernment by direct illumination by adequate light falling 
upon the object 

2 By silhouette of the bulk of the object against a lighter 
backgrovmd 
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3. By discernment of revealing glints from polished surfaces on 
the object. 

4. Discernment of the object's position by the shadow it may 
cast. 

From the economic consideration of highway lighting which neces­
sitates relatively low intensities at this particular day, the value of 
the silhouette effect is paramount. In order to obtain this desirable 
silhouette effect, we must produce road surface brightnesses of such 
values and in such positions so that an object between the light source 
and the driver will be adequately revealed. This desirable condition 
is brought about by installing the light sources over the traveled road-

Figure 5. Four Methods of Discernment—Direct Illumination, By Silhouette, 
Revealing Glints, By Shadow. 

way at such a height to minimize glare and close enough together to 
provide an adequate brightness area above the horizontal to assist in 
overcoming the partial blinding effect of automobile headlights ap­
proaching the driver. In practice excellent results are obtained by 
use of specified positions as shown in Figure 6. A further factor which 
has not been given due consideration in the past is the placement of 
the light unit in such equipment as to provide a portion of the light 
on the road shoulder. This is essential for two reasons: 

1. For illuminating any hazard which may be there or any object 
which may become a hazard, as a pedestrian stepping across 
the road (Figure 7). 

2. To provide an area of brightness in which the eyes harassed by 
oncoming light may turn for relief. 
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This necessity of producing adequate road brightnesses brings up 
questions concerning contrasts—both color contrast and brightness 
contrast—as well as those concerning the advantages of various road 
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Figure 6. Diagram Showing Most Effective Placement of Highway Lighting 
Equipment. 

Figure 7. Most Effective Equipment Placed in Most Effective Manner Reveals 
Pedestrian or Object on Road by Silhouette. 

surfaces ranging from new, clean, light colored cement surfaces to 
black bituminous surfaces. 

Color contrasts generally cease to exist under sodium vapor illumi-
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nation and the advantage of color contrast, which is generally con­
siderable, disappears We must, however, discriminate between the 
advantages of color contrast and those of color discrimmation The 
latter in reality should not be considered because we are dealing with 
low levels of lUummation at which point the eye m any case is not 
accustomed to distmguish color due to the fact that the lUummation 
IS so low that the cones of the retina are out of action and we are using 
only rod vision 

In studymg the fundamental factors regarding vision it has been 
found that contrast is the most generally effective factor in seemg 
It has been found that in intensity variations ranging from low values 
of artificial light to those of full daylight, the mmimum size of an 
object which is just visible vanes through a range of 3 1 With 
brightness contrast variations, however, this range in minimum size 
becomes 30 1 The brightness contrasts studied were those of very 
low value, to the highest which is represented by black on white 

Attempting to get accurate measurements on visual effects is just 
about as difficult as attemptmg to measure the length of a race track 
with a rubber band Therefore, the careful experimenter is reluctant 
to give forth mformation until often-tunes the number of observations 
runs into the hundreds of thousands However, due to the mtense 
interest that has been displayed in sodium vapor lUummation, Doctor 
Luckiesh and Mr. Moss have released some prelimmary figures which 
may indicate the necessity for caution in making any statement which 
in the light of future developments may become rash In order to 
study the influence upon contrast of sodium illummation one hundred 
and one specimens of colored paper, representing hues throughout the 
spectrum, including the purples with their varymg tints and shades 
were selected They were studied imder equal mtensities of illummation 
from sodium vapor lamps and tungsten filament lamps After obtam-
ing the reflection factors of these one hundred and one specimens, the 
determmation of contrast of five thousand pairs becomes merely a 
mathematical procedure. We define contrast as the ratio of difference 
between the two brightnesses, divided by the higher brightnpss A 
perfect black on a perfect white is a contrast of 100 per cent Forty-
two of the specimens under sodium lightmg appeared brighter than 
under tungsten lightmg and had an average reflection factor under 
sodium of 53 and an average imder the tungsten of 45 Forty-two of 
the other specimens appeared brighter under the tungsten illumination, 
havmg an average reflection factor of 29 compared to their average 
reflection factor under sodium of 22. Seventeen of the specimens were 
approximately the same with an average reflection factor of 27 

Of the five thousand pairs that would be possible, combming the 101 
specimens, report has been made upon the study of 595 This number 
has been sufficient to show again the general superiority of sodium light 
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over tungsten light in accentuating contrast. For example, 267 pairs 
exhibited greater brightness contrast under sodium light than under 
tungsten light The average brightness contrast of these was 50 per 
cent under the tungsten light and 66 per cent under sodium light 
One hundred and fifty-two pairs exhibited lesser brightness contrast 
under sodium light than under tungsten light The average brightness 
contrast of these was 43 per cent under tungsten light and 29 per cent 
under sodium light One hundred and seventy-six pairs exhibited 
brightness contrast varymg withm plus or ramus five per cent so they 
were not included in the foregomg in which the difference m brightness 
contrasts was greater than five per cent under both lUummants Such 
low contrast cannot play an important part m seemg They are so 
low that quick and uncertam seeing must rely upon other factors 

In the problem of street and highway lighting, the question of road 
surfaces is coming more and more to the fore It has only been during 
the past two years that lighting men in general have come to a realization 
of how dependent we are upon road surfaces for adequate or inadequate 
visibility Mr C A B Halvorson's discussion of this problem is 
reported in the Eleventh Proceedings of the Highway Research Board, 
Part I, Page 399 

Three of the types of road surface in common use, on roads having 
sufficient traffic to warrant highway lighting, are portland cement 
concrete, bituminous macadam and sheet asphalt These three are 
entirely different in their characteristics and act differently under fixed 
and portable lightmg 

Visibility under street and highway lighting is, of course, an entirely 
different matter from that in the home or office Under the ordmary 
lighting on our public thoroughfares, we are seeing at such low levels 
of illumination that it is impossible to see by direct hght reflected from 
the object For example, an object in the roadway may have from 
0 05 to 0 10 foot-candle, falling on it, but with the object itself having 
a reflection factor of not more than 50 per cent and presumably as low 
as one and two per cent The apparent intensity on the object is of 
the order of 0 001 to 0 05 foot-candle which is practically unnoticeable 
Accordingly we are forced to rely on silhouette vision, m which foot-
candle intensity plays no part The only requisite for silhouette 
visibility is a lighted background agamst which the object can be seen 
in relief From the physical aspects of the case, the lighted background 
must consist of the road itself and as such the sharpness of the sil­
houette IS determined by the brightness of the road surface, and, as 
present tests may indicate, the spectral characteristics of the illummant 

Each of the three types of road surfaces mentioned above has differ­
ent characteristics under light In the first place they reflect light 
differently Sheet asphalt acts as a mirror or a water surface reflecting 
light in streaks or specularly Bituminous macadam reflects as a 
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blotter does or diffusely scatters the rays in all directions. Portland 
cement concrete also reflects diffusely but the dispersion vanes ac­
cording to the roughness of the surface However, both of the last 
two pavements reflect specularly when they become wet The reflec­
tion factor for portland cement concrete is about 80 per cent while it 
IS around 4 per cent for bitummous macadam and asphalt 

Since visibility under street and highway lighting is dependent on 
the brightness of the road surface it is interesting to compare the bnght-
nesses of the three surfaces Sheet asphalt possesses the highest bright­
ness when the roadway viewed lies between the observer and the lamp, 
but the brightness (4 per cent of the light) is confined to a strip very 
little wider than the light source itself, although the strip may be more 
than a 1000 feet long Thus if an object happens to be in line with 
the strip of brightness it is quite easily seen, while if it is to one side, 
it IS as if in total darkness 

Bituminous macadam, reflecting diffusely, gives only a circle of rela­
tively low brightness directly under the lamp since the 4 per cent re­
flected from it IS dispersed in all directions Accordingly a very large 
lamp IS necessary to give a high bnghtness on such a road surface 

Portland cement concrete likewise disperses the light in all directions, 
which is an advantage in itself smce the entire width of roadway thus 
becomes a background instead of the small stnp of bnghtness present 
with asphalt or any pavement when wet However, due to the high 
reflection coefficient of concrete, its brightness is high with a relatively 
small source of light 

Directly coimected with this problem also is the action of these 
surfaces under automobile headlights What is said above about the 
action of bituminous macadam and portland cement concrete under 
fixed lighting is also true of them under portable lighting since the 
dnver is dependent on the amount of light reflected back to his eyes 
for vision The headlights of oncommg cars should be less glaring on 
Portland cement concrete than on a black road since the road surface 
IS brighter makmg the contrast less marked On asphalt pavementy 
as on all wet pavements, the light from headlights is reflected specularly > 
away from the driver where it does little good \ 

It appears therefore that of the three types discussed portland cement i 
concrete surfaces are the best and most economical from the standpoint' 
of lightmg The objection that is sometimes raised because of sun 
glare can be surmounted by the use of sun glasses 

It IS often proposed that with correctly adjusted headlights street 
lightmg would be unnecessary It may be argued however, that since 
under headlights, vision is dependent upon reflected light, under adverse 
conditions if the object is dark,-having a very low reflection factor, 
there will be little reflected light and, therefore, no effective seeing 
Likewise under oncoming headlights, the ins of the eye is contracted 
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and unless the road surface beyond the opposing headlights is bright, 
vision IS too greatly handicapped for safety The question of balance 
between the illummation of headhghts and street lights causmg an 
object of certain color to disappear has also been raised This may 
happen particularly on very uniformly lighted streets, a method of 
lighting which is not the best practice With non-uniform lightmg, 
such a merging would be more difficult, and furthermore if the roadway 
IS adequately lighted, there is no necessity for headlights of high enough 
intensity to cause such a balance 

WHAT ECONOMIES MAY T H E F U T U R E HOLD FOR SODIUM VAPOR 

I L L U M I N A T I O N ' 

The peak of the relative lummostic curve of the eye is at the wave 
length of 5550 Angstrom units If all of the energy supplied to a 
luminous tube were emitted at this wave length the lummous efficiency 
would be in the neighborhood of 668 lumens per watt In the sodium 
lamp of today we find that the energy emitted in the infra-red line is 
about one-quarter of that emitted at the yellow D line The summation 
of the remainmg lines both in the visible and the ultra-violet region 
only amounts to a few per cent The majority of light emitted from 
our sodium lamps is of the wave length of 5890 Angstrom units or about 
78 per cent as lummous as the light at the peak of 5550 Angstrom units 

The heating losses, plus those which are mcidental to the use of 
governing equipment due to the arc characteristics of the sodium 
lamps point to the approximate theoretical paximum of 320 lumens 
per watt The practical limit that has beep reached so far has been 
70 lumens per watt The discrepancy of the efficiencies shown by 
these two figures is accounted for by the losses in the tube due to heat 
production and heat radiation and generative equipment It is very 
apparent from the progress made so far that we still have a long way 
to go in the producing of practical efficiencies higher than we have 
to-day The efficiencies that are being obtamed in practice m the 
demonstrations throughout the coimtry are of the order of 40 lumens 
per watt 

Conservative or cautious as I may appear to be in speakmg of the 
superiority of sodium for seeing on the highway, we still can become 
enthusiastic for the economies that may accrue through knowledge 
gained by greater experience Certamly we can become most en­
thusiastic in considering the potential increased luminous and visual 
efficiencies, and the lessened cost of generative equipment and distri­
bution equipment which undoubtedly will be lowered through the 
application of engineering ability and mechanical ingenuity. 

The welfare of human bemgs is the ultimate objective of lightmg 
whether the majority of us recognize this or not InteUigent and skill­
ful use of various aids for seemg is necessary The development and 
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use of sodium vapor as an illuminant for our roads is but the outgrowth 
of the use of our past incandescent sources. Any discussion of econ­
omies that may be effected in the future must of necessity give due 
weight to the advantages and economies that accrue to the individual 
citizen. I t must be conceded that the benefits and economies of scien­
tific hghting are best revealed by controlled laboratory research. 

Controlled laboratory research, in studying the behavior of auto­
mobile drivers upon the highways, either wi th or without the benefit 
of adequate and properly applied highway illumination is difficult . 
Individual accident reports as filed wi th the authorities may not be 
relied on as being 100 per cent accurate, particularly in the reporting 

Figure 8. Daytime View of Intersection of New Jersey Route No. 6 and Par-
sippany Boulevard. 

of how the accident occurred. However, a great number of reports 
covering a considerable period of time, may be relied upon as being 
indicative, or giving a close approximation of the actual history of the 
accidents on the highway. Reductions ranging from 30 to 60 per cent 
of night accidents have been reported in installations where accident 
history has been available before and after installing highway lighting. 

A most interesting study is being made in New Jersey at the present 
time in conjunction wi th Commissioner Hoffman's Safety Educational 
program. Heavily traveled sections of road throughout the state were 
chosen for study. These sections were each one mile in length and were 
chosen for their known bad accident record as well as their type of road 
surface, topography of adjacent country and their inherent accident 
hazards. 
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Two such sections of highway have been hghted for six months \\ i th 
incandescent lamps and modern efficient equipment. One section is 
on New Jersey State Highway No. 6 at and adjacent to Parsippany 
Boulevard, which intersection is about four miles east of Dover, New 
Jersey. One portion of the section is bituminous macadam and the 
other Belgian block. This is a two-lane highway, wi th many curves 
and slight grades, due to the rolling character of the country in northern 
New Jersey. As generally found in New Jersey there is a narrow gravel 
shoulder averaging six to eight feet on either side of the paved portion 
of the roadway. Day and night views of the intersection are shown 
in Figures 8 and 9. 

Figure 9. Safety Demonstration Lighting at Intersection of Route No. 6 and 
Parsippany Boulevard. Note illumination of entire roadway and shoulder. 

The second section is i n South Jersey where we find the characteristic 
of flat country. This highway is two lanes in width, of concrete con­
struction, wi th an average of 15 feet of light gravel shoulder on either 
side of the paved portion of the roadway. Night and day driving 
conditions are clearly indicated in Figures 10 and 11. Six thousand 
lumen incandescent lamps are used in the highway proper and the 
illumnation is built up at the intersection by employing 10,000 lumen 
incandescent lamps. Proper seeing conditions are provided by the 
employment of efficient refracting globes. Comfortable seeing con­
ditions are produced by properly designed prisms in conjunction wi th 
a rippled effect on the outer surface of the clear glass globe, and the 
use of proper mounting height, spacing and road overhang, as discussed 
previously. 
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The accident history of New Jersey as reported in 1932 includes 
45,867 accidents causing 31,420 injuries and 1,180 deaths. I t is true 
that there is a concentration of traffic hazards in New Jersey and that 
there arc more miles of improved and heavily traveled highways per 

Figure 10. Safety Demonstration Lighting at Intersection of Routes Nos. 33 
and 34 in New Jersey. Daylight. 

Figure 11. Safety Demonstration Lighting at Intersection of Routes Nos. 33 
and 34 in New Jersey. Night. Daytime sight distances are provided through 
engineered illumination. 

unit of area than may be the average throughout the United States. 
Nevertheless, every state has many miles of similarly heavily traveled 
highways which should be studied in order that the elimination of 
hazards and accidents may be brought about quickly and surely. 

Al l of us who drive at night realize the immediate feeling of relax-
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ation and safety upon entering and driving upon a well-lighted stretch 
of road. I t is difficult indeed to put a dollars and cents value upon 
that sense of security and freedom of the mind f rom the worries incident 
to driving without adequate vision. I t is not so difl&cult, however, to 
quantitatively appraise the losses which are encountered by the general 
pubhc through the lack of good vision at night. I t is estimated by 
those who have made a study of the accident statistics and the accident 
causes throughout the country that nearly one-half of the total accidents 
that occur upon our streets and highways at night are caused in the 
main by inadequate vision through lack of illumination. A t the same 

Figure 12. Illumination at Old Bridge, New Jersey Traffic Circle. Illumination 
not only provides spectrum seeing conditions on the roadway, but also prepares 
driver in advance for mailing turns. 

time i t must be remembered that nearly one-half of the total number 
of reported accidents happen during the hours of darkness. 

The worth-while economies that may be anticipated f rom the use of 
this or any modern illuminant cannot adequately be measured by the 
luminous efficiency of the source but must be measured by the degree 
in which the illuminants are put into actual use upon our roads and 
highways. The saving of human lives, the prevention of suffering due 
to pain of physical and mental hurt resulting f rom loss of our loved 
ones, the relaxation of nervous and muscular tension so essential i n 
these days of high speed living, are all economies. The degree to which 
they may add to our sum total of economies largely depends upon the 
highway engineers, who study this problem and make proper recom­
mendations in the true light of their findings. 
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D I S C U S S I O N 

ON 

H I G H W A Y L I G H T I N G 

M R C C A H L E S , New York State Highway Department I observed 
the hghtmg at Schenectady and I thought you might be interested in 
the cost It IS quite an item, this cost of lighting highways it is, m 
general, a difficult thing to put down as a lump sum but if highways 
were lighted so that it could be done upon a real production basis, 
the cost would not be more than perhaps S1200 to $1500 per mile per 
year—that is for real highway lighting 

M H L O W E Mr Ahles' quotation of $1200 to $1500 per mile per 
year as the cost of highway lighting may be considered fair at the present 
tune These costs, however, have been based upon present street 
lighting schedules and rates It is difficult indeed to speak of street 
lighting costs in a general way, as there are so many factors in various 
localities which might materially change the amount, such as the facili­
ties already present, the proportionate distribution of costs to other 
types of consumers, the cost of maintenance which varies greatly when 
considering the number of lights to be taken care of, the width of the 
right-of-way, necessitating different types of equipment to get the 
necessary overhangs and mounting heights, the distance between units, 
energy charges, etc 

Motor Vehicle Commissioner Harold G Hoffman of New Jersey 
has said "It is true that proper and sufficient highway lighting would 
require an expenditure of considerable money However, this expense, 
properly weighed against the benefits derived, including the saving of 
lives and the saving of millions of dollars, all of which is a part of the 
present tremendous economic loss, would, we feel, unquestionably show 
a saving of money to the tax payer who must ultimately foot the bill 
in either case " 

One point I would like to stress is that when speaking of highway 
hghtmg, we are not speaking of illuminating all of our highways It 
is only where there is economic justification for lighting It is difficult 
indeed for the average man to realize the point of economic justification 
for the expenditure of the money necessary for adequate and proper 
highway hghtmg This latter problem may be solved by analysis of 
accident records collected by motor vehicle departments, safety organi­
zations, police departments, etc 
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SYNOPSIS 

The objectives of roadside development are the conservation, 
enhancement, and display of the natural beauty of the landscape 
and the provision of maximum safety, utility, economy, and recre­
ation facilities 

The Committee believes that roadside development should be 
considered an essential part of highway design, construction and 
maintenance and recommends That state highway department 
personnel should include a person competent to carry on this work, 
that highway authorities should control the right-of-way and its 
appurtenances and have power to acquire adequate rights-of-way 
and other parcels of land for the public benefit, that a definite part 
of highway funds should be budgeted for roadside development, 
that highh'ay authorities should cooperate with local organizations 
interested in roadside work and that state nurseries should in general 
not grow stock obtainable from commercial nurseries 

There is an appendix giving digests of roadside development laws 
for several states and a list of references 

INTRODUCTION 

In 1932, a joint project of the American Association of State Highway 
Ofl&cials and the Highway Research Board was organized to make a 
survey of the laws, funds, organizations and technical practices relating 
to roadside development , 

This progress report does not attempt to cover all the details of road­
side development It defines the objectives of roadside development 
and discusses means of reaching them The Committee expects to 
collect and present further information on some phases of the problem 
in a future report 

Appended to this report is a digest of information received from 
several States on their laws, funds and methods of administration for 
roadside development, and a list of references pertinent to this subject 

G E N E R A L DISCUSSION OF T H E P R O B L E M 

From a study of the available information, it appears that the funda­
mental principles of roadside development arc well known to the people 
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who have worked extensively m this field However, the general public 
and many highway officials who have not heretofore been concerned 
with this matter have given ihe problem little thought That does 
not mean that the citizen or tourist will not appreciate anythmg which 
IS done to make the highways more pleasant and useful The ordmary 
motorist may not be vocal in his desire for better lookmg highways, 
but he does not need a course in Landscape Architecture to be able 
to appreciate consciously or sub-consciously, an unmarred landscape 
or a pleasant shady place for a rest along the road Nor will he have 
any regrets for the elimmation of the many eye-sores such as bdlboards 
and signs, uninviting camps, hot-dog shacks, ugly filling stations, auto­
mobile graveyards and trash dumps 

N E E D FOR E D U C A T I O N 

Many of the most important items of roadside development cannot 
be initiated until legislative action is taken For this reason, the people 
must be informed as far as possible of what is needed In order to 
make satisfactory headway in some phases of the work, definite allot­
ment of funds must be made for the purpose Before any such funds 
are furnished, it is necessary to have the support of the taxpayers 
Hence it is necessary that the public be familiarized with the aesthetic 
requirements and possibilities of highways The educational work 
that is being carried on by highway authorities. Women's Clubs, Garden 
Clubs, Legion Posts, the American Nature Association, the American 
Civic Association, and the National Council for Protection of Roadside 
Beauty and others shows that many people are wiDmg to cooperate 
even to the extent of financing some betterment work when they under­
stand what is needed 

In Cahfomia, some 700 miles have been planted with trees and main­
tained for the first year by public spirited mdividuals and organizations 
The same sort of work has been done m several other states and has 
been of great value in furnishing the general public with concrete ex­
amples of what can be done to improve the roadside appearance Many 
opportunities to do this lie in the improvement of busmess structures 
along the way I t has been found that many owners of such establish­
ments are willing to improve the appearance of their property but 
they are in need of ideas of how to accomplish it A trade journal is 
now being supplied to wayside busmess men by the Art Center of New 
York for the purpose of helpmg them to better their busmesses through 
improvement of their property 

I t IS essential that highway engineers themselves become more famil­
iar with roadside development. Some states have made notable prog­
ress in this branch of highway work Others have done very little, 
perhaps because of lack of public support or because the need to change 
prevailmg practices has not been apparent Especial impetus has 
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been given this year to roadside development by the ruhng of the Public 
Works Board under the Industrial Recovery Act Six items of highway 
work are to have priority and the second one named is "appropriate 
landscaping of parkways or roadsides on a reasonably extensive mile­
age " A further ruling (October, 1933) of the Public Works Admims-
tration stipulates, by resolution, that insofar as practicable and feasible 
the rights-of-way for highways budt with loans or grants from public 
works funds after January 1st, shall be at least 150 feet wide to ac­
comodate foot paths and screening by planting trees and shrubs 

In order to properly execute roadside development work, the personnel 
of highway organizations must be educated in the economics, practices 
and increasing importance of this work The first essential is that each 
organization should have a competent person with authority to design 
and carry out roadside development work 

D E F I N I T I O N O F O B J E C T I V E S 

Roadside development must conserve, enhance and eflfectively dis­
play the natural beauty of the landscape through which the highway 
passes as well as provide maximum safety, utility, economy, and recre­
ation facilities by means of proper location, design, construction and 
maintenance of the highway 

CONSERVATION O F NATURAL B E A U T Y AND ADVANTAGES 

To conserve the landscape is to adjust and adapt the highway so 
as to make maximum practical use of the landscape without unneces­
sarily disturbing the balance of nature This is accomplished by preser­
vation of desirable native growth, outstanding topographical features 
such as water courses and geological formations, scenic values and 
historic sites 

Designs should be varied accordmg to the kind of road (parkway, 
commercial or recreational) and will be affected by the location, width 
of right-of-way, alignment and cross section Standards wiU also vary 
with the regions they serve, some bemg suitable for open country and 
others for suburban areas Near the larger cities, there are oppor­
tunities for parkways for passenger traffic only. Less expensive design 
must be used near most cities and towns but it should be remembered 
that the better the highway, the farther out the urban area will spread 
Most of the highway mileage will be m open country and elaborate 
designs are not necessary or justified The requirements of these roads 
will be met, m large measure, if adequate rights-of-way are provided 
and the abuttmg lands are protected from unsightly encroachments 

Location enters into the design only on those roads on new routes or 
radical relocations If the road is to carry a large amount of com-
mencal trafi&c, the location should mmimize the depreciation of resi­
dence property In many sections of rough country, a new location 
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Figure 1. This picture illustrates the method used by the Connecticut Highway 
Department in opening up vistas adjacent to rivers in which it is the policy to 
offer to the motorist frequent glimpses of the water rather than one continual 
panorama. 

Figure 2. Scenic View opened along Susquehanna River in Pennsylvania 



KEITH—ROADSIDE .DEVELOPMENT 267 

away from the old crooked roads will not involve destruction of trees 
and old structures toned to the landscape Location to fit the land­
scape is tied up with width of right-of-way, alignment and cross section 
The right-of-way must be of sufiicient width for the proper cross 
section and also for future planting In wooded territory, extra width 
will preserve strips of timber of great value and utility Alignments 
both in plan and profile offer design opportunities not usually recognized 
except by men trained to see their effects on appearances Curves 
rather than tangents fit a rolling topography Long tangents may 
possibly be justified in flat country although excessive length mvites 
operating hazards due to boredom The design should minimize the 
scars of construction While it is desirable to have a limited number 
of standard cross sections, such standards should be flexible enough to 
fit special problems Flat slopes rounded into the natural surface will 
look better and be easier maintained Many times a good tree can 
be saved by a slight change in cross section or alignment 

Too often the highways are built where the aim seems to be to lay 
down a series of geometrically exact figures of cut and fill on the face 
of nature A modification of this plan might fit unobtrusively into the 
landscape at no greater expense even though some increased cost might 
well be justified If it is worth while to spend money on embellish­
ments of highways such as plantings of trees and shrubs it is important 
to plan the alignments and cioss sections with due regard for their 
effect on appearance 

Construction practices should be revised if necessary to preserve 
trees or other features worth saving In many cases, the fertile top 
soil from cuts is buried in the bottoms of fills leaving only sterile soil 
on the slopes where the maintenance crew tries vainly to grow sod to 
prevent erosion At no great expense, the top soil could be saved for 
the slopes In timbered country, some trees would be worthy to stand 
inside the cleared area without harm to the safety or use of the road 
Is it necessary to hew exactly to the inch and clear everything between 
two arbitrary lines'' The resident engineers and contractors can find 
many ways to improve the new road's appearance if they are given the 
instructions and authority to do so All construction debris and 
material should be cleaned from the right-of-way and its vicinity 

After construction is finished, regular maintenance will be necessary 
to preserve the good appearance of the roadside The natural growth 
trees and shrubs will need trimming and some tree surgery will be needed 
for injured or diseased trees Spraying may be needed to control 
insect pests New plantings must be cultivated and perhaps watered 
In some states such cultivation may be necessary for as long as five 
years Weeds or other noxious growths must be cut Trimming of 
trees may be required for telephone or power lines Rubbish must be 
removed Recreational facilities such as roadside parks, camps and 
drmking fountains must be maintained in a neat manner. 
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ENHANCEMENT AND DISPLAY OF T H E LANDSCAPE 

The enhancement of the landscape is achieved by properly designed 
plantings to enrich existing growth, to reHeve monotony and add inter­
est, to cover and screen unsightlincss and to create and frame attractive 
vistas. 

Figure 3. The upper view shows a triangular intersection as left at the comple­
tion of a new road in the Town of East Haddam, Conn. The lower picture shows 
how this eye-sore was developed into a highway garden by covering the subgrade 
with a good quality of loam, grass seed, dwarf evergeeens, mountain laurel and a 
European Larch Tree. 

A l l planting should be harmonious and adapted to the locality and 
should usually be native stock indigenous to the locality. The use of 
native stock has three distinct advantages. First, native plants har­
monize wi th the plant character of the surrounding country and pre-
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serve its individuality. Second, native plants are hardier under road­
side conditions than are imported or developed plants. Third , native 
plant.s require less maintenance, an important factor in any state-wido 
program. I n some cases, i t is desirable to use non-native stock as an 
addition to the predominating native species. Trees may be set in 
groups or in rows although, as a rule, the group planting is preferable. 
I t is important that the width of the right-of-way should be such that 
any planting wi l l be reasonably free from future disturbance. This wi l l 
require foresight as to the possible later development along the highway. 

Locations usually most in need of plantings to improve appearance 
ar(> grade separations, approaches to cities and towns, slopes of cuts 

Figure 4. Planting of Oriental Planes, Pennsylvania 

and fills, bridge approaches, intersections, and state entrances, 
lines and other unsightliness along the highway may be screened. 

Pole 

S A F E T Y , U T I L I T Y AND ECONOMY 

Roadside development in several of its phases adds to the safety, 
u t i l i ty and economy of the highway. Flat slopes from the shoulder 
to the ditch and on fills of less than five or six feet permit seeding and 
are less dangerous to traffic than steep slopes. Flat slopes wi th uniform 
sod are easier to mow and maintain and less subject to erosion. Where 
i t is possible to use flat slopes on fills, less guard rai l w i l l be needed. 
I n rough country where rock is available, rock guard rail may be used 
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for better appearance and greater safety. Back slopes of cuts should 
be planted to improve appearance and control slides and erosion. 
Erosion by streams can, in many cases, be controlled by tree planting. 
Formal plantings may be used to designate certain locations such as 
schools, intersections and railroads. Trees can be planted on the out-

Figure 5. The upper view shows the unsightly island area created at the time 
the new concrete road was constructed in the Town of Montville, Conn., and the 
old roadbed abandoned. The after effect may be appreciated in the lower picture 
of the same location. 

side of curves and sharp turns or corners to indicate change of direction. 
Where sufficient right-of-way is available, prevention of snow drif ts 
in the highway may be accomplished by planting hedges or trees. 
Parking places, even though small, where the traveler may stop are 
of great u t i l i ty ; where feasible, these should be landscaped and equipped 
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with drinking fountains. Where laws permit, the location and con­
struction of pole lines should be controlled to give minimum inter­
ference with the use and appearance of the highway. 

R E C R E A T I O N F A C I L I T I E S 

Along many highways, there are no places where the traveling public 
may stop except along the shoulder of the traveled way or upon private 
property. Since a large amount of travel is for purposes of recreation, 
there should be convenient stopping places on public property such as 
picnic grounds, highway parks, drinking fountains, turn-outs and 

Figure 6. White willow posts and logs to protect slope three months after 
planting, Pennsylvania. 

lookout points. Such areas need not be large nor expensive. On some 
roads, stopping places may be available in naturally wooded areas; 
on others, some planting wi l l be desirable. I n many places, there are 
small tracts between old and now locations which should be retained 
or acquired for the benefit of the public and to prevent their use by 
private business. Some small areas may even be acquired by g i f t 
f rom the owners. Many rights-of-way are wide enough to permit 
turn-outs or small picnic grounds to be built . 

COMMITTEE RECOMMENDATIONS 

1. Every road-building agency should include a person competent to 
design and carry out roadside development work. His work should Ix; 
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considered an essential part of the design, construction and main­
tenance 

2 Absolute control of the highway right-of-way and all its ap­
purtenances should be vested in the highway authority 

3 Highway authorities should have power to acquire adequate right-
of-way for present or future roadside development They should also 
be empowered to keep or acquire title or easements in strips or parcels 
of land along the highway for the benefit and enjoyment of the public 

4 Highway authorities should budget a definite part of their funds 
for roadside development and its maintenance 

5 There should be cooperation by the highway authorities with in­
dividuals, organizations and local communities interested in roadside 
development 

6 This Committee endorses the foUowmg resolution of the Roadside 
Development Committee of the American Association of State Highway 
Officials "The Committee further recommends the estabhshment of 
State Highway Department nurseries only for the development of 
salvaged or collected native plant material, for the storage of surplus 
purchased plant material, and for the growing of such stock as is not 
obtamable from commercial nurseries " 
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A P P E N D I X I 
Lows and Funds for Roadside Development 

Following IS a digest of information received from states active in 
roadside development work concerning their laws, funds and adminis­
trative practices for roadside development 

California In general, the work is done by the Division of Highways 
under its authority to construct and maintain state highways In 1931, 
the Highway Commission was given authority to secure lands adjoming 
highways for public parks, and also lands and trees within 300 feet 
of the center hne on each side of any state road, for culture or support 
of trees when such acquisition is an aid m maintainmg or preservmg 
the roadbed or an aid in the maintenance of scenic beauties. Under 
an act passed in 1933, provision is made for carrymg on as mamtenance 
such general utility services as roadside plantmgs The funds are from 
specific mamtenance moneys, not detaded in the budget Work is 
financed as projects develop and funds become available Much help 
has been given by individuals and orgamzations who deposit sufficient 
funds with the department to plant and maintain trees for one year 
The work is handled by the regular maintenance organization, T . H . 
Dennis, Mamtenance Engineer, and an Arboriculturist who supervises 
the work throughout the state He advises district maintenance engi­
neers and supermtendents and prepares plans for particular projects 

Connecticut The law requires any person to secure a permit from the 
highway commissioner to remove or prune any tree, shrub or vegetation 
m the right-of-way. The Commissioner may plant in the highway or 
on adjommg land by agreement or by condemnmg easement Funds 
are budgeted from state highway funds In 1932 $425,223 were spent 
for plantmg, mamtenance, mowmg, construction of gardens, picnic 
grounds, etc The Bureau of Roadside Development, L M Keith, 
Director, has supervision and mamtenance of eveiything except dram-
age, on the roadsides outside of the outer gutter edge and of waste 
areas The work includes mowmg, removal of trees, maintenance of 
slopes and embankments, plantmg, seedmg, mamtenance of picmc 
grounds, etc 

Illinois. The Department of Pubhc Works may issue permits for 
plantmg of trees, shrubs and flowers to persons, associations or societies 
The Department prepares the ground, supervises the planting and main­
tains it with regular forces The work is largely of an advisory nature 
AU trees, shrubs, etc, are protected by law Funds to care for and 
mamtam plantmgs are taken from the Mamtenance budget of the 
highway department 

Maryland Smce June,̂  1931, Maryland has been deriving revenue 
for roadside development work from the licenses and fees required for 
outdoor advertismg along the highways The mamtenance depart-
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ment has removed some 23,000 unlawful signs, planted 3,480 trees 
along both sides of 30 miles of highway, planted 18,000 vines and plants 
on slopes, sodded 22,300 sq yds of slopes, and seeded about four acres 
of park area Frank P Scrivener, J r , Maintenance Engineer, is m 
charge 

Massachusetts In 1921, an office was created to be filled by one with 
special traming in landscape planting to "beautify the state highway 
roadsides " The program has since progressed with definite aims and 
accomplishments Planting is done under the maintenance engineer 
and is supported by a separate allotment of funds for that specific 
purpose 

Michigan Trees and shrubs on all highways are protected by law 
It IS the State Highway Commissioner's duty to plant trees along state 
trunk and state reward roads, with the consent of the owners of ad­
joining property Money is budgeted from construction funds for 
development on new trunk lines Money for yearly roadside main­
tenance is budgeted from general maintenance funds The work is 
in charge of a Landscape Forester 

Minnesota The Commissioner of Highways designates the necessary 
width of right-of-way One hundred feet is the standard width All 
highways, roads and trails within forest areas are established as fire 
breaks The Division of Forestry has authority to remove or clean up 
any inflammable material for 200 feet on either side of the center line 
of the fire-break roads Any money used is taken from the highway 
funds but local groups are encouraged to plant and maintain the plant­
ings An assistant engineer and forester have been assigned to devel­
opment work, under the joint supervision of the construction and 
maintenance engineers 

Missouri The law provides for construction and maintenance and 
all work mci^ental thereto This is interpreted to provide for roadside 
planting and development Trees, shrubs, etc, on the highway are 
protected by law No signs or places of business are allowed on the 
right-of-way Funds are approved for expenditure by the Commission 
from general highway funds The commission urges cooperation of 
local groups interested in planting The work is handled by the Bureau 
of Maintenance An experienced landscape designer is employed 

New Hampshire There is no special law to provide authority or 
funds for roadside work About i6,000 is budgeted annually for High­
way Markmg and Roadside Development Dependence is placed on 
cooperative effort with local groups F A Gardner, assistant engmeer 
IS in charge of the work 

New Jersey The Highway Commission is empowered to plant and 
care for trees and shrubbery along state highways, or otherwise beautify 
the highway The money is expended under the supervision of a land­
scape architect employed by the commission Funds for roadside proj-
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ects are to be not more than one per cent of the amount expended m 
the precedmg year for construction of highways The appropriation 
must be approved by the Governor There have been no funds ap­
proved the past two years Appropriations for mantenence of projects 
is made from the motor vehicle registration money 

New projects are recommended to the State Highway Engineer for 
his approval and that of the Commission 0 A Deakin, Landscape 
Engineer 

New York The superintendent of Public Works may plant, remove 
trees or trim trees, and may seed or sod within the highway Trees 
and shrubs are protected by law Special permit is required for signs 
m Adirondack Park Any highway money may be used for tree or 
shrub planting, seeding or sodding Lack of funds has handicapped 
the work 

Oregon The State Highway Commission is empowered to acquire 
by purchase, gift or condemnation, land necessary for the culture of 
trees and preservation of scenic places adjacent to state highways and 
for parks and recreation grounds, also to improve, maintain, and super­
vise the same Trees, shrubs, and flowers on the highway and on 
private land within 500 feet of the highway are protected The costs 
are paid from state highway funds The law is administered by the 
State Highway Commission and the State Parks Engineer 

Pennsylvania The law authorizes planting of trees, shrubs, vines 
and grasses on or along state highways, also the establishment and 
maintenance of live snowbreaks Highway authorities may, when 
necessary to construct or widen a highway, remove trees up to four 
inches diameter, at 2^ feet above the ground, for larger trees they must 
have the consent of the owner All trees, plants etc , on public or 
private property are protected by law Money for planting, etc , comes 
from the regular road fund A large amount of the work is done in 
cooperation with interested organizations or individuals The work is 
carried on by a Highway Forester and six Division Foresters, under the 
direction of the Secretary of Highways 

Rhode Island The State Board of Public Roads is empowered to 
plant trees, shrubs, and otherwise beautify the area within a state 
highway Trees, shrubs, etc , are protected by law The work is 
paid for from the general highway fund It is classed as betterment 
work under the construction item of the budget The work is done 
under the direction of the Maintenance Engineer 

Virginia The law provides for a landscape architect who is a regular 
member of the Highway Commission staff, to devise methods to beautify 
and improve the rights-of-way The highway department may make 
rules for the protection of trees, plants, etc , on the right-of-way On 
new work, an allocation of funds is made for seeding and planting the 
right-of-way Maintenance work is paid for from mamtenance funds 
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The State Landscape Engineer, H J Neale, under the Assistant E n ­
gineer in charge of Maintenance, makes an intensive study of conditions 
and makes recommendations to the construction and maintenance 
departments 

Wisconsin Highway authonties may acquire land for highway 
purposes and it may be used for any purpose deemed for the pubhc 
benefit. Irregularly shaped parcels and corners along the highway may 
be acquired Suitable plantings to improve the highways are author­
ized Trees, shrubs and vegetation are protected by law On new 
construction or relocations, any roadside work is charged to the project 
Mamtenance of planting is handled by the regular maintenance forces 
Beautification is made a part of the construction project and plans are 
prepared by a part-time landscape horticulturist from the University of 
Wisconsin, under the direction of the Highway Commission, J C 
Schmidtmann, Vice-Chairman, M W Torkelson, Director of Regional 
Plannmg Work is also carried on in cooperation with cities, clubs, 
etc 

A P P E N D I X I I 
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D I S C U S S I O N 
ON 

R O A D S I D E D E V E L O P M E N T 

M R W I L B U R H SIMONSON, U S Bureau of Public Roads The 
careful and detailed analysis of the more general problems associated 
with roadside development, as learned from the experience of those 
states which have already made considerable progress in roadside work 
as well as from the systematic observations and research of the members 
of the Joint Committee, should be very helpful m effectively coordi­
nating v\ork of this character in connection with the present large 
program of highway construction 

The recommendations at the end of the committee's report are 
particularly important just now when such a large amount of work of 
this character is being planned and rushed for execution in the 1933-
34 planting season The relative order of the recommendations is 
logical and to be highly commended The following detailed com­
ments aim only to emphasize by repetition a few of the principle points 
enumerated in the report under discussion 

It is extremely important that the services of competent designers 
be utilized as far as possible in consultation and collaboration to insure 
the proper and efficient planning of the work, so as to make doubly 
sure that good and satisfactory results will be obtained The effective­
ness and permanency of roadside improvement work as an essential 
part of highway construction programs depends largely, of course, upon 
how successfully the details of roadside development are earned out 
I t IS vitally important, therefore, that roadside improvement work be 
thoroughly done during this present program so that the plantings will 
be successful and come through with relatively small losses of stock 
Nothing would handicap or more harmfully slow up the present efforts 
directed toward the proper planting of the roadsides than "dead" trees 
bordering the highways a season or two hence, like veritable tombstones 
in a graveyard Careful preparation in the planning and execution 
of the work in accordance with approved-landscape design and horti­
cultural standards is the best safeguard against unnecessary losses of 
this kind The best and most lasting results may be assured in the 
present program of "putting men to work" through the collaboration 
of landscape architects and engineers and other technical experts It 
is not only important that plantings be made to live successfully, it is 
equally important that the attention of qualified designers be used to 
develop attractively the incidental structures that the motorist finds 
along the roadside Care should be given to the detailed design of 
drinking fountams, the appearance of parking spaces, railmgs, head-
walls, sidehill spring outlets and other similar features that the motorist 
sees and enjoys A good lookmg and attractive construction does not 
necessarily cost any more than a poor looking and ugly one 
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Conservation of the natural assets is emphasized in the report In 
this connection, true conservation means the careful trimming of trees 
and the judicious selection of plant growth for removals in an artistic 
and scientific manner under competent landscape supervision, and not 
the careless "butchering" of trees and the haphazard cuttmg of under­
growth along the highways It is well to emphasize here that consider­
able thought should be paid to this phase of roadside improvement work 
where clearings are contemplated 

Conservation means the saving of topsoil wherever possible during 
the imtial stages of construction for later use in the final seeding and 
planting operations Conservation means the avoidance of "rigidity," 
or hard and fast uniform standards in design and during construction 
that cause unnecessary "scars" and the irreparable losses of valuable 
tree growth Conservation also means that careful adjustments should 
be made in the widths of rights-of-way to mclude scenic spots, groves, 
or other landscape features where reasonably available 

Conservation policies are economic, because they reduce to the mini­
mum the need for later introductions of materials or extra constructions 
Conservation means the practical use of mdigenous tj^jes of local ma­
terials, such as boulders or native stone for guard rails, the salvage of 
suitable plant growth in the path of construction operations in advance 
of such activities when the material proves to be subject to easy trans-
plannmg and storage in a temporory nursery. 

Conservation may be best secured by the cooperation of all mterested 
orgamzations Imtial harmony m the planiung and execution of the 
work contributes very largely to the final harmony and attractiveness 
of the results The first recommendation cannot be too strongly 
stressed In the midst of the rush of work durmg this present emer­
gency, competent supervision is vital to msure the economic conserva­
tion and successful preservation of the irreplaceable natural assets 
along highways 

The other recommendations are essential if adequate control of the 
highway borders is to be assured for the safety, comfort, and con-
vemence of the public Legislative authonty is vital m some states 
to put the responsibility in the proper place Unified control is neces­
sary to protect highway mvestments for the benefit of the users of the 
road collectively, and not for mdividual mterests It is only through 
such defimte responsibility that the state highway departments may 
ever hope to design, construct, and then control highways for the fullest 
and most efficient traffic service at the lowest cost The unportance 
of these recommendations is proportionately mcreased as the widths 
of nghts-of-way are necessarily mcreased, and as the roadside borders 
tend to become more fully developed for the use and enjoyment of 
the public 

Roadside improvement is a fundamental part of modern highway 
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design As such, the settmg apart of a reasonable portion of available 
construction funds for appropriate work of this character is a wise 
pohcy It IS conservatively estimated that approximately 30 miles of 
roadside improvement plantmgs may be accomplished for the expendi­
ture of $25,000, the assumed average cost, let us say, for one mile of 
high-type highway improvement While the expenditures for road­
side mileages will vary, of course, under different conditions and locali­
ties, it IS believed that this statement is reasonably correct as a basis 
of comparison of the relative value of the roadside dollar when con­
sidering a state highway system as a whole 

Recommendation No 6 is deserving of particular notice as to the 
question of pohcy m connection with the supply of materials essential 
to roadside improvement work The business of properly designing 
and executing the highway projects is a big job in itself, and deserves 
the fullest attention of the highway organization if it is to be well done 
The busmess of producing and propagating material for planting use is 
the specialty of nursery organizations experienced and equipped for 
such work The committee's recommendation indicates that careful 
consideration was given to the possible sources of supply for the ma­
terials needed, which tends to show that plant requirements may be 
purchased satisfactorily on the basis of definite standard specifications 
in a similar manner as other highway materials 

In the highway program, roadside development should be organized 
and handled on the same basis as the regular older types of highway 
work Road materials such as cement, stone, asphalt, and steel, are 
usually contracted for under competitive conditions Should not plant 
materials be secured in the same way, wherever and whenever required? 
Fair competition under carefully prepared specifications should insure 
reasonable prices for average needs While it is quite possible that in 
some localities or regions, where suitable nursery material may not be 
available in sufficient quantities, resort may have to be made to the 
use of some collected stock growmg in the vicinity of the work,—still it 
IS well to bear in mind that as tune goes on it is reasonable to expect 
that opportunities of this kind are necessarily limited and may gradually 
dry up as a dependable source of supply The last recommendation is 
particularly important, since present indications point to the expansion 
of roadside improvement operations into quantity production over a 
reasonably extensive mileage 

Conservation pohcies should be kept in mind throughout any high­
way program The collecting grounds of woods and mountains cannot 
be always depended upon as a constant supply of plant needs Robbing 
Peter to pay Paul is not the most satisfactory way to get plant ma­
terials for use along the roadsides, except for emergency use and in 
limited quantity The last recommendation of the Committee's report 
on policy therefore, is to be commended as showmg the practical vision 
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of the committee in lookmg forward to a reasonably contmuous and 
relatively permanent program of roadside development that aims to 
insure an economic source of supply of plant material for anticipated 
requirements 

M R W A L T E R D L U D W I G , Pennsylvania Highway Department In 
Pennsylvama we have been carrymg forward about the same type of 
work that Mr Keith has so well started in Connecticut although we 
have some drawbacks For instance we do not own all of the trees 
withm the right-of-way We only own those trees which are less than 
four inches in diameter at 2§ feet above the ground All others belong 
to the abutting property owner so it is a httle difl[icult to do many of the 
things which Mr Keith reported However, this is a situation we must 
consider, in fact, all of the highway departments will likely have to 
consider it very shortly, if they have not already done so, or have 
proper laws to take care of it 

I believe that most engineers will agree that a road is not finished 
until the whole road is completed includmg the area outside the ditch 
line- There was a time when all the engmeer was interested in was 
the building of a nice piece of concrete or a nice piece of macadam, 
smooth, with good alignment and easy curves and grades, but most 
engmeers have gotten over that idea today, and I think I am safe in 
saying that a majority of them agree that tiie road is not completed 
until the roadsides are cleaned up and made presentable 

What constitutes most of the traffic along a highway? Is it purely 
commercial or is it largely business or busmess combined with pleasure' 
Perhaps some of you men came to Washmgton m your automobile— 
you came in a car and you came on busmess At the same time you 
combined business with pleasure and when we look at it in that light 
w e might say that perhaps from 75 to 85 per cent of traffic on our high-
ways sees and looks at the roadside, so that it is time that we look at 
the roadside as a definite part of the road 

When you remember that you can sell the idea of roadside devel­
opment on the utilitarian and safety features, such as, the opemng up 
of curves and the treatment of slopes with some grass seed or perhaps 
a few flowers, taking care of clear-sight vision for traffic, and preventing 
and controUmg erosion of the slopes, you certainly will have no trouble 
in making progress 

M R M W T O H K E L S O N , Wtscomm Highway Commission The prob­
lem with respect to roadside improvement is not so much that of decid­
ing what IS to be done as it is to coordinate the roadside development 
work with the regular construction and maintenance operations It 
has been my theory that the foundation for all roadside development 
is the original grading of the highway—that this is really what makes 
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or mars a road The broad road beds, tlie gentle slopes, the sliallow 
ditches liave been adopted quite largely as standard practice with us 
The next step for us to take is to follow out the recommendation made 
by the committee, the value of which is self-evident, namely, to con­
serve the rich soil and to use it to cover the shoulders and slopes where 
we wish grass to grow The fine rich black soil is just as much a detri­
ment to the stability of that portion of the road bed which supports 
the road as it is a benefit to the surfaces of the shoulders and the back 
slopes where we wish to grow a good thick grass for the beauty of the 
roadside and for the prevention of erosion We would serve ourselves 
two ways by getting this dirt out of tlie road bed and on to tlie shoulders 
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S U R F A C E S 

B Y PREVO&T H U B B A K D 
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AND C S R E t V E 

Tlie Barrett Company 

S Y N O P S I S 

The characteristics of petroleum distillates, rapid curing asphalt 
cut-backs, medium curing asphalt cut-backs, and slow curing pe­
troleum residuals or blends, in relation to their use as primers and 
binders for aggregates are discussed These, with asphalt emulsions, 
are the general classes of liquid petroleums and asphaltic products 
commonly used in the construction of cold-laid plant mixed surfaces 
Recently developed specifications for such products are given in 
Table I 

The liquid tar products adapted to various types of plant mixes 
are described and their ranges in characteristics are illustrated by a 
tabulation (Table I I ) of their consistencies, with references to suit­
able specifications Table I I I shows the types and ranges in per­
centage of tar binders for use with representative gradings of 
aggregates 

P E T R O L E U M AND ASPHALTIC PRODUCTS 

There are five general classes of liquid petroleum and asphaltic 
products commonly used in the construction of cold laid plant mixed 
surfaces 

1 Petroleum distillates (naphthas) 
2 Rapid curing cut-backs (asphalt cement and rapidly volatile 

distillate) 
3 Medium curmg cut-backs (asphalt cement and medium volatile 

distillate) 
4 Slow curing petroleum residuals or blends 
5 Asphalt emulsions 

As asphalt emulsions have been made the subject of a separate report 
only the first four will be discussed m this paper 

Two mam divisions of the liquid products may be made according 

284 
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to the purpose they are mtended to serve and these may be conven­
iently subdivided as shown in the following classification 

I Primers for Aggregates 

a Petroleum distillates (commonly termed liquefiers) the 
use of which is followed by application of a coating 
of asphalt cement 

b Medium cunng cut-backs of low viscosity that produce 
a very thm coatmg of asphalt upon which a thicker 
film of asphalt binder may be readily deposited 

I I Binders for Aggregate 
a For open-graded aggregates, contaimng little or no 200 

mesh particles 
1 Rapid curing cut-back asphalts for commercial 

crushed aggregate products 
2 Medium curing cut-back asphalts for gravel and 

sand aggregates m which there exists a regular 
gradation in size down to and includmg particles 
passing 10 mesh 

b For dense graded aggregates containing over 5 per cent 
of 200 mesh particles 

1 Medium curing cut-back asphalts 
2 Slow curing products 

PRIMEB8 

Distillate primers are employed not only for the purpose of facili­
tating the uniform coating of a cold aggregate with hot asphalt cement 
but of temporarily softening the film of asphalt surrounding each ag­
gregate particle enough to permit ready workabihty and compressibihty 
of the mixture durmg construction Petroleum naphtha or gasolme is 
ordinarily used Specifications for liquefier have not been standard­
ized but typical requirements call for a product showmg an end pomt 
on distillation of not over 450 or 500°F with 45 to 50 per cent dis-
tiUmg at not over 293 to 325°F While some engmeers lay considerable 
stress upon the particular grade of naphtha and require a heavier less 
volatile grade for delayed use of the mixture, as compared with im­
mediate use, fine distmctions along this Ime are of doubtful importance 
as the proportion of distiUate added to the mix with relation to the 
proportion of asphalt cement and absorptive character of the particular 
aggregate can be made to produce greater differences m the so-called 
setting quahties of the mixture than wdl be produced by sUght differ­
ences in distillation ranges of the liquefier. 

Medium curmg cut-backs have not as yet been extensively used as 
aggregate primers but they possess certain advantages over the distil­
lates which are of considerable practical value In the first place they 
immediately produce a thm tenacious moisture resistant coatmg of 
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asphalt over each particle which serves as an adequate base for uni­
formly applying a thicker film of either an asphalt cement or a" highly 
viscous cut-back asphalt Moreover, once the aggregate has been 
coated with the thm ffim of asphalt it may be stock piled mdefinitely 
with practically no adhesion between the individual particles and may 
be later cold mixed with the asphaltic binder immediately prior to 
construction It is of course important that the medium curing primer 
be of very low viscosity so that a small percentage may be rapidly mixed 
with the aggregate to produce thin films of asphalt cement Typical 
requirements for such a product are shown in the accompanying table 
of specifications 

BINDERS FOR O P E N GRADED A G G R E G A T E S 

When the inherent stabihty of an aggregate is entirely dependent 
upon the intimate interlocking of its individual particles, as typified 
by a single commercial size of crushed stone, it is essential that the 
asphaltic product with which it is to be mixed should possess or quickly 
develop a strong mechanical bond to resist successfully displacement 
of the mixture under traffic Moreover the coating or film of binder 
on each individual particle should be as heavy as consistent with good 
workability in order to produce a bond which is durable and which, if 
disturbed, will readily reform A rapid curing cut-back asphalt of as 
high an initial viscosity as is practicable to incorpora,te with the cold 
aggregate is best adapted for this purpose, and in general, the coarser 
the aggregate the higher should be the viscosity of the cut-back in 
order ,to secure the most satisfactory immediate results A Furol 
viscosity as high as 700 to 1400 at 140°F is desirable when all of the 
aggregate is retamed on the f inch screen and the maximum size runs 
as high as 1 | inches This is particularly true when the mixture is to 
be laid immediately after preparation during warm weather When 
it is to be stored or transported for long distances before use or when 
it IS to be used for cold patchmg or to be laid m cool weather, the vis­
cosity of the bmder may, however, be lowered advantageously 

When the inherent stability of the aggregate is largely dependent 
upon the presence of relatively small diameter particles which pack 
the voids between the larger particles, as typified by a gravel contaimng 
a substantial proportion of sand but free from material passing the 
200 mesh sieve, the choice of the most suitable hquid asphaltic bmder 
becomes a matter of experience and judgment which is difficult to reduce 
to hard and fast rules Choice may he between a rapid curing cut­
back of relatively low viscosity or a medium curing cut-back of higher 
viscosity 

When the percentage passmg the 10 mesh sieve is insufficient to pack 
closely the voids between the coarser particles a rapid curmg product 
may often be used to advantage In other cases, except for sand ag-
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gregates, the medium curing type is to be preferred Even with the 
sand aggregate it may often be advisable to add 200 mesh material 
and use a medium curing cut-back In general the medium curing 
product IS preferable except for base course construction rather than 
the use of unaltered sand with a rapid curing product , 

BINDERS FOR D E N S E GRADED A G G R E G A T E S 

Dense graded aggregates are those with a more or less continuous 
gradation in size from the maximum diameter particle down to and 
includmg a substantial percentage of mineral matter passing the 200 
mesh sieve Specifications for such aggregates commonly call for 7 
to 14 per cent passing the 200 mesh sieve Many aggregates of this 
type, as represented by pit run gravel and crusher run stone, produce 
excellent wearing courses without any bituminous binder when a 
certain optimum water content is present Strength of bond of the 
bituminous binder with which they may be mixed is therefore not as 
important as in the case of open graded aggregates However the 
viscosity of the binder should be high enough to permit a sufficient 
quantity being used to prevent absorption of large amounts of moisture 
and displacement of the bituminous films by water 

Rapid curing cut-backs are usually unsatisfactory for use with the 
dense graded aggregates because they do not distribute uniformly but 
tend to ball in the presence of appreciable quantities of 200 mesh 
particles The choice therefore lies between a medium curmg cut-back 
and a slow curing product There is little to be said in favor of the 
latter except its usually lower cost Where traffic and moisture con­
ditions are not severe the slow curing product has in many instances 
produced excellent low cost road mixtures but generally speaking, use 
of a medium curing cut-back is a much safer proposition In either 
case the viscosity of the product should be as high as possible without 
interfering with the workability and compressibility of the mixture 
Durmg and after construction the medium curing cut-back increases 
m viscosity to a much greater extent than the slow curing product, 
which IS a distinct advantage 

CHARACTERISTICS OF LIQUID ASPHALTIC PRODUCTS 

During the past three years as the result of extensive cooperative 
work between the United States Bureau of Public Roads, the various 
state highway departments and the producers of asphalt, a fairly com­
plete set of specification requirements has been developed for liquid 
asphaltic road materials Such of these specifications as are applicable 
to cold laid plant mix construction are shown in Table I to illustrate 
the preceding brief discussion The development of the medium curing 
cut-backs shown in this table has been of rather recent origin and many 
highway engineers have not as yet become acquainted with their pecul-
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HUBBARD AND REEVE—LIQUID BITUMENS 

T A B L E I I 

C O N S I S T E N C I E S OF T Y P I C A L T A R PRODUCTS 

A B C D E 

Specific Viscosity at 40°C 
Specific Viscosity at 50°C 
Float Test at 50°C 

A S T M Specifications | 

8-13 

D-104-30 
D-105-30 

26-36 

D-104-30 
D-105-30 

40-50 
D-110-30 
D-111-30 

60-120 
D-110-30 
D-111-30 

35-80 

D-106-28T 
D-107-28T 

A IS a thin fluid product, commonly used for surface treatment but also suitable 
for a primer to be used on aggregate in place of the more frequently used volatile 
solvent 

B IS a fairly viscous refined tar product adapted for use in road mixtures as 
distinguished from plant set-ups, particularly with graded broken stone and 
gravels which will furnish a well-graded stable mixture, not too dense to permij 
adequate setting-up within a short period Such a mixture, for example, may 
correspond to the "retread" type of surfacing, but may include aggregates of 
smaller maximum size than are commonly used for "retread" work 

C is a viscous refined tar especially adapted for use with graded fine aggregate 
Due to its greater initial adhesiveness, it may be used with aggregates of closer 
grading than material " B , " and ordinarily in such mixtures a certain proportion 
of fine aggregate is desirable Mixtures with this grade of tar product may be 
made ordinarily with aggregate at summer atmospheric temperature, and may be 
laid without heating The tar must be heated before mixing with the aggregate 
While it IS especially adapted for use with graded fine aggregate, it may also be 
used in road mixed work where a heavier binder than " B " is required 

D IS a grade of refined tar heavier than " C " and almost semi-eolid, requiring 
its heating before use with aggregate It is adapted for use with graded coarse 
aggregates, or at summer temperatures with fine aggregate such as described for 
material " C " Such mixtures with material "D" may also be made ordinarily 
with aggregates,at summer atmospheric temperatures and may be laid without 
heating 

" E " is a cut-back tar product commonly used in patchmg mixtures but also 
n e l l adapted for use with graded aggregates of maximum sizes ranging from \ inch 
to 14 inches Material of this viscosity ipay be used at ordinary temperatures, 
and only in cool weather is slight heating necessary or desirable 

T A B L E I I I 

Percentage Passing Fine Intermedi­
ate Coarse 1 Medium 

Patching 
Fine 

Patching 

2} Inch Screen — 100 
I J Inch Screen — 100 — — — 
I J Inch Screen — — 30-60 — — 
1 Inch Screen — — — 100 — 

J Inch Screen — 30-60 — — — 
f Inch Screen 100 — — — 100 
J Inch Screen — — — 35-70 — 
i Inch Screen 40-70 0-5 0-5 10-25 40-70 

No 10 Screen 10-35 — — — 10-35 

Percentage of Tar Binder 
Type of Tar Binder 

7-9 
C o r D * 

3-5 
D 

2 5-4 0 
D 

5-7 
E 

7-9 
E 

* Selection dependent on season, method of handling, etc 
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lar advantages for use with certain types of aggregate. They are 
particularly well adapted for utilizing pit run gravel and crusher run 
stone when the aggregate has any merit as a road building material. 

T A R P R O D U C T S 

The range of hquid tar products adapted to various types of plant 
mixes IS best shown by consistencies of typical tar products in Table I I 
The other characteristics will substantially conform to requirements 
of the A S T M specifications indicated under each type, except as 
distillation limitations are necessanly modified by consistency Con­
sidering the wide variation m aggregates available for plant mixtures 
and m service conditions, products of other consistencies than shown 
are adapted for use, i t is advisable, however, from a manufacturing 
standpoint to hmit the number of grades of material, provided that a 
sufficient number are provided for satisfactory utihzation under all 
important conditions 

While there is a wide variation in preferences for grading of aggre­
gates m plant mixes, the gradings shown in Table I I I are fairly repre­
sentative of average practice The type and proper range of percentage 
of tar binder is also shown 



PROGRESS REPORT ON THE REACTION OF CALCIUM 
CHLORIDE ON PORTLAND CEMENT' 

B Y P A U L R A P P , Research Associate at the Bureau of Standards for the Calcium 
Chloride Association, AND L A N S I N G S W E L L S , National Bureau of Standards 

SYNOPSIS 

The addition of calcium chloride appears to increase somewhat the 
heat contributed at the end of 24 hours by dicalcium silicate and 
tetracalcium ferro-aluminate and to decrease the heat from tricalcium 
aluminate present in cements The heat contributed by tricalcium 
silicate shows very little change when calcium chloride is added 
Calcium chloride increases the rate at which the heat is evolved from 

, all cements tested and in general gives an increase of about four calo­
ries per gram of cement at 24 hours It decreased the time of set of 
the 11 commercial cements and increased the flow of the concrete mix 
and the strength of the resulting concrete at all ages to 90 days, be­
yond which results have not yet been obtained 

I N T R O D U C T I O N 

The Calcium Chlonde Association has maintained a fellowship at the 
Bureau of Standards to study the reactions of calcium chlonde with 
cements and their constituents and to obtam more information on the 
effect of this material on concrete made from present day cements 
The results of the complete mvestigation of the effects of calcium chlo­
nde on cements and concrete cannot be given at this time since the 
long-time tests have not been completed However, i t is felt that 
certain sahent factors are of sufficient interest to those concerned with 
the use of calcium chlonde in concrete to warrant a bnef paper at this 
time on some of the results obtamed Therefore the data herewith 
presented relate to the short-time tests and include the effect of calcium 
chloride on the heat of hydration, settmg time, strength and consistency 
of a selected group of cements 

I t is planned to pubhsh that phase of the study dealmg with the 
physico-chemical reactions between calcium chloride and the constit­
uents of cement as a separate paper 

D E S C R I P T I O N O F T H E C E M E N T S A N D C A L C I U M C H L O R I D E 

Eight Portland cements (referred to in this report as standard 
cements) together with one high-early strength and two white portland 
cements were studied in this investigation In selectmg these cements 
an effort was made to obtam the greatest variation possible in composi­
tion and physical properties 

' Publication Approved by the Director of the Bureau of Standards of the U S 
Department of Commerce 
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Sixty expenmental cements of varying composition were furmshed 
by the Portland Cement Association Fellowship at the Bureau of 
Standards for certain heat studies herein reported 

The calcium chlonde used was a commercial flaked' hydrated product 
contaimng 77 1 per cent CaCU and the amounts added to the cements 
are reported as percentage CaClz by weight of cement. 

E F F E C T O F C A L C I U M C H L O R I D E O N H E A T E V O L V E D D U R I N G F I R S T T W E N T Y -

F O U R H O U R S O F H Y D R A T I O N 

General Consideration. I t has long been recognized that certain 
reactions which take place dunng the settmg and hardemng of cements 
result in an evolution of heat. Dunng the past few years there has been 
an added mterest in the quantity of this heat evolved as i t relates to the 
properties of the concrete. I t seemed advisable, therefore, to determine 
the effect of the addition of calcium chlonde upon the heat developed as 
cement hydrates 

From measurements of the temperature nse of a given mixture of 
cement and water dunng the first twenty-four hours the quantity of 
heat evolved dunng this penod can be calculated This method also 
gives the rate at which the heat is evolved 

• Heat of Hydration of Sixty Special Cements The sixty samples of 
laboratory cements above referred to had a wide range in composition 
which made theiaof especial value m the present study. The analytical 
data and heats of hydration in the absence of calcium chlonde were 
kmdly furmshed by the Portland Cement Association Fellowship The 
quantity of each cement available was so hmited that only one additional 
calorimetnc determination (using one per cent anhydrous calcium 
chloride) could be made. 

The apparatus used for measurmg directly the heat of hydration was 
that developed at the Bureau of Standards.' The cement (200 grams) 
and water (67 5 grams) were thoroughly mixed in a small tinned can by 
a high speed mixmg device Copper-constantm thermocouples were 
inserted mto the mixture and the can placed m a double-walled vacuum 
flask which was m i u m tightly closed and placed m an air thermostat 
maintained at 21 ±1°C. The apparatus was so arranged that eight 
separate determinations could be made simultaneously 

From the data obtained in this manner i t was possible to calculate the 
heat evolved by the cement at any given period' after making the neces­
sary correction for the radiation loss of the vacuum flask and its contents 

The contributions of the mdividual compounds to the heat of harden­
ing were calculated by the method of least squares after computmg the 

»Variations m Standard Portland Cements, P H Bates, Jour Amer Concrete 
Institute, Vol 1, page 65, Nov 1929 

' The Heat of Hydration of Portland Cement Paste, Lerch and Bogue, Bureau of 
Standards Jour of Research (RP684) Vol 12, pp 645-664, May, 1934 
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percentages of the compounds in the cements by the method of Bogue* 
and assunung that a hnear relationship exists between the compound 
composition of the cement and the heat evolved The values obtained 
from these cements (Table I) show the same trends as those reported by 
Blank' and by Wood and his co-workers,' namely that tncalcium alumi-
nate 3CaO AI2O3, gives the greatest heat evolved (expressed in calories 

T A B L E I 
C O N T R I B U T I O N O F INDIVIDUAL COMPOUNDS TO H E A T OP H A R D E N I N G 

(In calories of each per cent in one gram of cement) 

Compound 

Value 
forO% 
CaCli 

at 
I Day 

Proba­
ble 

Error 

Value 
for 1% 
CaClj 

at 
1 Day 

Proba­
ble 

Error 

Blank's 
Value 

at 
I Day 

Woods 
Value 

at 
3 Da)s 

Tncalcium Silicate 80 ± 02 78 ± 02 57 98 
Beta Dicalcium Silicate 19 ± 02 26 ± 02 095 195 
Tncalcium Aluminate 1 62 ± 07 1 47 ± 06 2 00 1 70 
Tetracalcium Ferro-Aluminate 01 ± 08 25 ± 06 19 29 

T A B L E I I 

CHANGES IN T H E T O T A L H E A T E V O L V E D AT T W E N T Y - F O U R H O U R S B Y ADDITION 
OF O N E P E R C E N T OP C A L C I U M C H L O R I D E TO E X P E R I M E N T A L C E M E N T S 

Grouping— 
Heat Evolved 

24 Hours 
No CaCU 

No of 
Cements in 

Average 
Changes 

Produced by 
1% CaCl j 

Average Compound Compositions Grouping— 
Heat Evolved 

24 Hours 
No CaCU each Group 

Average 
Changes 

Produced by 
1% CaCl j CiA<" CiAFO) C :S(»' C J S « > 

[Calt^es per g) (Catortes 
perg) % % % % 

30-39 9 
40-49 9 
50-59 9 
60-69 9 
70-79 9 

9 
12 
24 
16 
3 

+7 
+5 
+4 

0 
- 2 

3 
4 

10 
10 
15 

15 
14 
12 
11 
7 

47 
35 
34 
25 
21 

30 
42 
42 
52 
53 

(1) C S A = 3CaO AlaO,-
(2) C4AP = 4CaO AUO3 Fe,0,-
(3) C2S = 2CaO SiOi (Beta) 
(4) C3S = 3CaO SiOs-

for each per cent present in each gram of cement) tncalcium sihcate, 
3CaO S1O2, bemg next in order The addition of calcium chloride 
appears to increase somewhat the heat contributed by dicalcium sihcate, 
2CaO SiOa and tetracalcium ferro-aluminate, 4CaO AI2O3 Fe203 and 
to decrease the heat from tncalcium aluminate The heat contnbuted 

* Calculations of the Compounds in Portland Cement, R. H Bogue, Ind & 
Eng Chem , Anal E d 1, page 192, 1929 

' Comparison of Selected Portland Cements in Mass Concrete Tests, Robert 
T Blank, J Am Concrete Inst , Vol 5 (No 1), page 9, 1933 

• Effect of Composition of Portland Cement on Heat Evolved During Harden­
ing Wood, Steinam and Starke Ind Eng Chem , Vol 4, p 1207 (1930) 
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by tncalcium sihcate shows very little change when calcium chloride is 
added 

In Table I I the experimental cements are divided mto five groups on 
the basis of the calories evolved per gram of cement at the end of twenty-
four hours without addition of calcium chlonde Column 1 gives the 
grouping, Column 2 the number of cements m each group, Column 3 the 
average change m the heat developed m 24 hours produced by the addi­
tion of one per cent calcium chlonde and the remaimng four columns 
the average compound composition From this table i t can be seen for 
the experimental cements that an increase in the calories of heat evolved 
from group to group was accompamed by an increase in percentage of 
both the tncalcium alummate and tncalcium sihcate, the two compounds 
as shown from Table I to be those contributmg the greater quantities 
of heat of hydration Furthermore, the increase m the heat evolved 
because of the addition of one per cent calcium chloride is greatest in the 
first group (cements of lowest heat), becomes less in the succeeding 
groups, reaching zero for the fourth group, and m the fifth group there is 
an actual decrease of two calories These changes in heat evolved 
because of the addition of calcium chlonde cannot apparently be 
assigned to the tncalcium sihcate content in each group smce it has been 
shown in Table I that each per cent of tncalcium sihcate present in one 
gram of cem'ent evolves the same number of calories with and without 
calcium chloride The changes do, however, appear to be mversely 
related to the amounts of tncalcium alummate and directly to those of 
dicalcium silicates and tetracalcium ferro-alummates present in "each 
group and in this respect are in agreement with the data of Table I 

Heat of Hydration of Eleven Commercial Cements The heat evolved 
from eleven commercial cements dunng the first 24 hours of hydration 
was measured with and without calcium chlonde to determme the 
nature of the change produced by the addition of 0 5, 1, 15 and 2 per 
cent of anhydrous calcium chloride 

The heat data pertauung to these commercial cements were analyzed 
in the same manner as described for the expenmental cements and simi­
lar conclusions were obtained as to the contnbution of heat by the 
individual compounds present as well as to the effect of calcium chlonde 

The effect of the addition of calcium chlonde on the heat curves for 
cement B (Standard portland) is shown in Figure 1 As the amount of 
calcium chlonde is increased the rate of heat evolution is increased 
The addition of 1 5 per cent of anhydrous calcium chlonde though 
increases this rate proportionately more than two per cent The amount 
of heat developed at 24 hours does not change more than a few calones 
for the various percentages of calcium chlonde added The other seven 
standard and the two white cements behave in a similar manner upon 
the addition of calcium chlonde 

Time-temperature curves plotted from the temperature data pertain-
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ing to these cements show that calcium chlonde generally increases the 
rate of temperature rise and decreases the time to reach the maximum 
temperature However, with the high-early strength cement the maxi­
mum temperature attamed both with and without calcium chloride was 
at or near the boihng point of water so that the heat of hydration could 
not be ascertamed satisfactorily since an undetermined portion of the 
heat was involved m the latent heat of vaporization of water. 

E F F E C T O F C A L C I U M C H L O R I D E O N T H E P H Y S I C A L P R O P E R T I E S O F M O R T A R S 

A N D C O N C R E T E S 

In order to obtain a measure of the effect of calcium chlonde on the 
physical properties of the cements in mortars and concretes i t was 
deemed advisable to control all factors, as far as possible, so that the 
admixture of calcium chloride would be the main variable 

Making the Test Specimens The usual evaluation tests for portland 

0% CALCIUM CHLORIDE 
0 5 -* . 
I 0°fe 

2 0^ 

10 12 
T I M E - H O U R S 

Figure 1. Heat Curves for Cement B 

cement' were made except that two inch mortar cubes were substituted 
for the briquets In these tests 0, 0 5, 1, 1 5 and 2 per cent anhydrous 
calcium chlonde, respectively, were added to the gaugmg water. The 
mortar specimens were kept m the molds in a moist closet at 70°F. 
for the first 24 hours, removed and stored in water at the same tempera­
ture until tested 

Concrete was tested in the form of 6 x 12 mch cyhnders made from a 
1:2:4 mix by volume, usmg local sand and gravel The amount of 

' Federal Specification SS-C-191 for Cement, Portland; Standard Methods of 
Sampling and Testing Portland Cement Am Soc Testing Materials, C77-32 
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water (6 5 gallons per sack) used for gauging gave a cement-water ratio 
of 1 73 by weight and contained, respectively 0, 1, 1 5 and 2 25 per cent 
of anhydrous calcium chlonde by weight of the cement 

The effect of two cunng temperatures dunng the first 24 hours was 
studied by means of plastic mortar tests' Pit run Ottawa sand was 
used as the aggregate The same cement-water ratio and percentages 
of admixtures of calcium chloride were used as m the concrete tests 
One group of specimens was made and stored at 70°F until tested 
Another group was molded at 90°F and stored at that temperature 
for the first 24 hours The specimens were then removed from the 
molds and placed m water at 70°F. 

Results The times of set are shown m Figure 2 I t will be noted 

INITIAL S E T C I L L M O R E 

^ 1 
I f " - — 

1 
1 « 

r iNAL S E T CI . L M O R E 

! 
PERCENT C A C L 2 

Figure 2 Setting Time of Standard Portland Cements 

that the average setting time, together with, in general, the spread of 
the time of set decreases as the amount of calcium chloride is increased 
Similarly the addition of calcium chloride to the white and high-early 
strength cements, not given in Figure 2, shows the same effect as ob-
seved with the standard cements All pats, both with and without 
calcium chloride, were sound 

A summary of the concrete strengths obtained on eight standard 
cements is given in Figure 3 The concretes with all percentages of 
calcium chloride show increased strength over the plain concrete at all 
ages tested At one day the average strength of the concrete with 1 5 
per cent admixture was 123 per cent higher than the average strength of 

' A Plastic Mortar Compression Test for Cement E M. Brickett, Am Soc 
Testing Mats Vol 28, (Part I I ) page 43, 1928 
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the plain concrete. At 28 days the increase was 13 per cent and at 90 
days 9 per cent, indicating that calcium chlonde has a greater accelerat-
mg action at early ages Figure 3 indicates that there is very little 
advantage of addmg more than two per cent commercial (1 5 per cent 
anhydrous) calcium chloride, the amount generally recommended for use 
at 70°F. The strength of the concrete contaimng white cement 
was withm the same range as for those with standard cements and 
calcium chloride had apparently the same effect thereon The strength 
of the concrete made with high early strength cement was also increased 
by the addition of calcium chloride However, the strengths were 
higher than those of the eight standard cements m all cases 

The effects of the addition of calcium chlonde on the strengths of the 

1 
Y 

1 3 7 26 JO 
AGE IN DAY5 

SPECIMEN-6X IZ" CYLINDER, MIX-1'2 4 , 6 12 GALLONS WATER PER BAG 

OXCACL, • 

\1,' ( I 3 X C 0 M H E R C I A L PRODUCT; mmmm 
l^Af^• {if. ' • ' 

Figure 3. Concrete Strength Summary of Eight Standard Portland Cements 

cements when tested in 1:3 standard sand mortars showed the same 
trends as observed on the concrete strengths 

The tests of the strength at different curmg temperatures have been 
undertaken to ascertam how strength of concrete may be affected by 
the addition of calcium chlonde under the temperature conditions en­
countered diirmg the construction season Specimens have been made 
for two curmg temperatures (70 and 90°F) and curmg a group of 
specimens at a temperature of 40°F is bemg studied Smce this 
part of the investigation is not fimshed a tabulation of the results ob­
tained to date will not be included in this report I t is of interest, how­
ever, to note here that the one day specimens without calcium chlonde 
cured at 90°F. have approximately the same strength as the 70°F 
specimens contaimng calcium chloride 

Dunng the molding of both the mortar and concrete specimens a 
greater ease of placing was noted when calcium chloride was incorporated 
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in the mix To obtain some measure of this phenomenon, flow measure­
ments were made on the concrete With each cement flows were in­
creased by additions of calcium chloride to the concrete The range of 
flows obtamed on eight standard cements as well as the average flow are 
plotted in Figure 4 against the amount of calcium chloride added The 
flow I S expressed as the per cent increase m diameter after dropping the 
flow table 15 times, a distance of 1 mch 

Each point on the average flow curve represents the mean of 72 
detemunations There was an increase in the average flow from 29 to 
41 with the addition of 1 5 per cent anhydrous calcium chlonde. The 
increase m flow was more marked m the range of 0 to 1 5 per cent cal­
cium chlonde than beyond 1 5 per cent. 

. 

] 
K T 

PERCENT COMMERCIAL CACL2 

Figure 4 Flow Tests of the Concrete of Eight Standard Portland Cements 
Mix—1 2.4. 6 5 gallons water per bag 

The flows of the concrete containing white cement were withm the 
same range as for those with standard cement, and the calcium chlonde 
had approximately the same effect The flow of the concrete containing 
high-early strength cement was similarly increased by the addition of 
calcium chloride but the flow was smaller m all cases, being 16 with 0 
per cent and 21 with 1 5 per cent calcium chlonde. 

S U M M A R Y 

In considermg the results obtained m this mvestigation, i t should be 
borne in nund that the tests are by no means fimshed, and that later 
information may alter some of the following tentative conclusions 

, ' 1 Calcium chloride increases the rate of heat evolution of all cements 
included in the investigation 

2 Calcium chlonde increases the total heat of hydration of low heat 
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cements and may decrease the heat of hydration of high heat cements at 
24 hours 

3 The chemical composition of the cement has an important effect 
upon both the rate and total amount of heat of hydration developed 
dunng the first 24 hours The general effect of calcium chlonde over 
the range m compositions studied was a tendency to level the heat of 
hydration to an average increase of about four calones per gram at 24 
hours 

4 The times of set of 11 commercial cements were decreased by add­
ing mcreasmg amounts of calcium chlonde The greatest proportional 
decrease was obtained by the addition of two per cent commercial cal­
cium chlonde 

5 Additions of calcium chloride did not affect the soundness of the 
cements 

6 The addition of calcium chlonde increased the strength of the 
concrete made from the cements tested at all ages to 90 days, beyond 
which results have not yet been obtained 

7 The flow of concrete was increased by the addition of calcium 
chlonde 
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REPORT OF PROJECT COMMITTEE ON 
F I L L E R S AND CUSHION COURSES FOR 

B R I C K AND BLOCK PAVEMENTS 
J O H N S C R A N D E L L , Chairman 

Professor of Highway Engineering University of Illinois 

S Y N O P S I S 

The report describes the recent use of a number of new fillers for 
brick pavements Among them are Temperature Resisting Ce­
ment, a bituminous compoimd known as Zorbit, an asphalt-rubber 
compound and Trinidad asphalt Means for removing filler from 
the top surface of the brick pavement are described To facilitate 
the removal, the brick have been coated with various materials, 
among them being whitewash, calcium chloride, and several pro­
prietary materials All are used successfully with proper precau­
tions and methods 

Several new materials have been advocated for fillers Durmg 1932 
Temperature Resistmg Cement was used on two jobs in Ohio, and from 
these i t was learned that: (a) the sand used with the cement should 
have a greater percentage of fines than is ordmanly found m concrete 
sands, (b) because of water repeUancy of the cement, caused by the 
bitummous film thereon, a longer time and a more thorough mixing is 
requisite, and (c) i t is not good practice to dump the filler direct from 
the mortar box to the pavement as there is likely to be some separation 
of mgredients 

Experiments are bemg conducted with a bitummous compound known 
as Zorbit This is a powdered asphalt which is mixed with a flux of 
such character that the resultant mixture is fluid for a reasonable length 
of tune, sets with a minimum of shrinkage I t adheres well, and seems 
to be capable of holdmg gnt or other skid-proofing substances 

Mention was made m the 1932 Proceedmgs of an asphalt-rubber 
compound which has been developed at the Umversity of Illinois 
This has been wholly satisfactory m a small expenmental patch m a 
pavement at Urbana, lUmois I t did not run in summer, and it is 
not bnttle m cold weather It's one disadvantage is that is does not 
flow readily enough to enter the jomts of a lugless brick pavement, 
although it does fill the joints of a lug bnck job 

Trimdad asphalt filler was used experunentally on January 6, 1933 
at New Castle, Pennsylvama on U S Route 422, between Chestnut 
and Wahiut Streets An area of 383 square yards was filled, using 
26 pounds of asphalt per square yard The brick were laid with wide 
jomts, to correspond with the old pavement already m place, on a 
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sand cushion The asphalt was pushed mto the jomts with the cus­
tomary squeegee, and a sand cover was apphed at 10 lbs per square 
yard 

REMOVAL OF FILLER FROM TOP OF PAVEMENT 

Numerous attempts have been made to find a material that may be 
applied to the surface of the bricks so that the bitummous filler may 
be peeled off without removmg i t from the jomts themselves White­
wash, calcium chlonde, and propnetary "separators" have been used 
successfully At first i t was thought that whitewash should be applied 
so as to leave a heavy coat, and that this should be dry when the bitu­
men I S apphed however i t has been found that if the filler is immedi­
ately peeled off damp whitewash is better than dry. I f calcium chlo­
ride solution I S used the filler may be apphed as soon as the bncks are 
sprayed, and the excess should be quickly scraped or peeled off Going 
one step further, i t is probable that m moderate weather i t may be 
possible to do a good job by merely spnnkhng the top of the pavement 
with water alone So long as there is a fihn of moisture present to 
prevent the asphalt from adhermg, there will be little difficulty m re­
moving the fihn. In hot weather water alone would evaporate too 
quickly and calcium chloride is indicated One very important item 
to watch I S that of foaming If too much watery solution is present 
then the filler will foam to such an extent that the jomts will not be 
filled And furthermore, smce the matenal recovered is put back in 
the heatmg kettle, there must be a mmimum of water present in it or 
there will be foammg in the kettle, which leads to a fire 

The 1933 specifications for Ohio do not permit of the filler being squee­
geed into the jomts. I t is to be poured over the surface or mto the 
joints, and then the excess removed I t has been found in practice 
that thin films of bitumen are difficult to scrape off, whereas thick 
films or layers are easy to remove m any weather 

The Committee will investigate various types of cement grout filler 
dunng the commg year. 

DISCUSSION 
ON 

FILLERS AND CUSHION COURSES FOR BRICK AND BLOCK 
PAVEMENTS 

M R GEO ' F SCHLESINGER, National Paving Brick Association The 
part of the report which is very interestmg to me is Professor Crandell's 
investigation of a new type of filler—some sort of rubber compound 
If we develop a filler that will not come up after i t is in the joints there 
will be no danger of any subsequent effect which would serve to de­
crease the coefficient of fnction. If Professor Crandell will discover 
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some filler of that kmd he will make a valuable contnbution With a 
vertical fiber wire-cut lug bnck we can use a much harder asphalt for 
filler than formerly, one that is not so susceptible to temperature 
changes Professor Crandell m his report also discussed the surface 
removal method which has now been made standard practice m a 
number of states where bnck pavements are used—Ohio, Illinois, 
Michigan, Indiana, and I think Pennsylvama There have been enough 
jobs built to leave no question m my mmd as to the ments of the surface 
removal method of filler application All engmeers that have used it 
say that is the preferred method of applying bitummous matenal to 
fill bnck pavements 

M K H S MATTIMORB, Pennsylvama Highway Department We are 
rather mterested m the methods used for removmg the excess asphalt 
Is there any danger of those liquid solutions gomg into the jomts of the 
brick and defeating the purpose of the bond' 

PROFESSOR CRANDELL- Yes The workmen must be careful not to 
splash this matenal over the top Use a spray or a mist You need 
only the least bit of any of these matenals to prevent adhesion provided 
you work quickly to remove the asphalt I f you wait an hour or two 
you will find that water or calcium chlonde may not work so well 
You wdl notice m the report m 1931 that a heavy coat of whitewash 
was recommended This was advocated so that you could go back 
week after next and still be able to remove the asphalt, because there 
is a layer of whitewash on the brick which does not permit the asphalt 
to adhere But this is not true if water or calcium chlonde are used 

M R SCHLESINGER- AS far as foammg mto the jomts is concerned, 
there hasn't been any particular trouble I t should be sprayed on and 
the surface kept just moist As between calcium chloride and white­
wash, we recommend calcium chlonde With whitewash the filler 
can be scraped off and it doesn't stam the surface of the pavement 
Nevertheless you get a good bnght lookmg pavement with calcium 
chloride 

A V . BRATT: HOW is the whitewash applied? 

PROFESSOR CRANDELL- I prefer the spray equipped with a large 
nozzle Mr Mattunore brought up the question as to whether the 
calcium chlonde would cause foaming in the kettle, and I have been 
fearful of that for some time A small amount of water in the kettle 
is dangerous 



WEATHERING TESTS ON CONCRETE 
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SYNOPSIS 

The paper presents results of tests to determine the effect of 
amount of mixing water and type of course aggregate on the dura­
bility of concrete The concretes were designed with three water-
cement ratios, 0 65, 0 85, and 1 10 by volume, each with two slumps 
of 2 and 7 inches Four widely differing crushed limestones were 
used as course aggregates Alternate freezing and thawing was 
used as a weathering test both on the concrete and on samples of 
crushed limestone In addition, the crushed rock was given 5 and 
10 cycles of a slightly modified A S T M soundness test with 
sodium sulfate The specimens of concrete were 4 by 6 by 18 inch 
beams and 6 by 12 inch cylinders 

Indications from the tests are, in part* Weathering resistance of 
the concrete decreased with increase m water-cement ratio and in­
creased with additional length of curing period The quality of 
the course aggregate was directly reflected in the resistance to freez­
ing and thawing of the concrete Freezing and thawing tests and 
the sodium sulfate test on the limestones graded the rocks in the 
same relative order of durability, 25 and 100 cycles of freezing and 
thawing being roughly duplicated respectively by 5 and 10 cycles 
of the sodium sulfate test 

This paper presents the results of certam tests made at the Ma­
terials Laboratory of the Umversity of Wisconsm to determme the effect 
of amount of mixmg water and type of coarse aggregate on the durability 
of concrete Four widely diffenng crushed limestones produced withm 
the state were selected as coarse aggregates Alternate freezmg and 
thawmg was used as a weathenng test both on the concrete and on 
samples of the crushed limestone, and, in addition, the crushed rock 
was subjected to five and ten cycle runs of a sUghtly modified form 
of the American Society for Testmg Matenals Tentative Method of 
Test for Soundness of Coarse Aggregate (C 89-32 T) This work, 
which IS part of a more extensive senes of weathenng tests, has been 
earned out by the wnter under the general supervision of Professor 
M 0 Withey, of the Department of Mechamcs, and with the cooper­
ation of the Wisconsm Highway Department, which furmshed a portion 
of the necessary funds and aided m the secunng of the rock samples 

M A T E R I A L S 

The three principal limestones which underbe a large part of southern 
Wisconsin are • (1) The Lower Magnesian limestone (Ordovican) which 
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18 somewhat irregular in character, frequently cherty, vanable in grain 
size and rather sandy, especially m the lower beds; i t is hard and wear 
resistant and breaks with a hackly surface into blocks of irregular out­
line • (2) The Trenton (Ordovican) which is a thm bedded argillaceous 
magnesian lunestone, parting planes with some clay often bemg very 
close together, i t is relatively low m hardness and wear resistance 
(3) The Niagara (Silunan) wluch is a dolomitic limestone of fine texture, 
uniform quahty, and is generally m massive beds, i t is hard, has a low 
percentage of wear and breaks into roughly rectangular blocks of uneven 
dunensions 

The Lower Magnesian is represented by one sample from quarry 
"C," a large roadside pit which has been used for a number of years 
Rock faces at this quarry are not badly weathered The Trenton is 
represented by quarry " A " which was a local pit just opened and m 
production at the tune of samplmg The material there was mostly 
thm bedded and rock faces which had been exposed for many years 
showed a considerable amount of dismtegration " B " is a large com­
mercial quarry in contmuous operation m a Trenton formation which 
is more thickly bedded, harder and less badly weathered than is usual 
for the Trenton Quarry " D " m the Niagara is a large commercial 
quarry m contmuous operation. The rock there is qmte massive, of 
good texture and uniformity and shows httle or no evidences of weather­
ing on faces exposed for many years 

Approxunately a ton of fresh clean rock was gathered by hand at 
each quarry At the laboratory this was crushed to a maximum size 
of 1§ mches and thoroughly washed In screemng the matenal for use 
in concrete, all fines under No 4 were wasted Coarse aggregate for 
the concrete was then artificially graded by weight with 60 per cent 
passmg the l|-inch screen and retamed on the f-mch screen and 40 
per cent passmg the |-mch and retamed on the No 4 screen. 

Janesville sand was used as the fine aggregate m all concretes I t 
was well graded to a maxunum screen size of No 4 and a fineness modu­
lus of shghtly over 3 00. I t contamed approxunately 65 per cent of quartz 
with dolomite the other pnncipal constituent. 

The cement used was a standard brand passmg the tests of the 
A. S. T. M . Standard Specification for Portland Cement (C 9-30) 
Information on the cement together with certam physical properties 
of the fine and coarse aggregates are given m Table I . 

T E S T S O N C O N C R E T E 

Concretes were designed for three water-cement ratios, 0 65, 0 85, 
and 1 10, by volume, each represented by two slumps, 2 mch and 7 
mch, makmg six kinds of concrete for each of the four coarse aggregates. 
Design mixes were made m each case, usmg the sand, crushed limestone 
and cement in differmg proportions to arrive at the mix givmg the de-
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T A B L E I 
P H Y S I C A L P R O P E R T I E S OP A G G R E G A T E S AND C E M E N T 

Coarse Aggregates 
All coarse aggregate was crushed limestone artificially graded by weight as 

follows 
60% passing IJ-m screen and retained on }-in screen 
40% passing i-in screen and retained on No 4 screen 

Sieve Analyses 

Material A B C D 

Formation Trenton Trenton Lower Magnesian Niagara 

Sieve size Percentage of material coarser than sieve 

1-in 3 4 3 4 12 4 7 5 
l-in 32 8 36 6 43 3 41 0 
f-in 81 3 82 8 83 2 82 5 
No 4 97 5 97 4 96 1 97 2 
No 8 100 0 100 0 100 0 100 0 

Fineness Modulus 7 12 7 17 7 23 7 21 

Coarse Aggregate 

Weights of 
Room D r y 

Rodded 
Material, in 

lb i>er cu f t 

Apparent 
Specific 

Gravi ty* 

French 
Coefficient 
of W e a r " 

Toughness, 
Average of 
10 tests on 

25 by 25 m m 
cylinders 

A Trenton 93 0 2 65 10 1 4 9 
B Trenton . 97 3 2 75 9 3 6 4 
C Lower Magnesian 97 6 2 72 8 37 7 4 
D Niagara 96 9 2 73 12 7 6 6 

• A. S T M Standard Method of Test for Apparent Specific Gravity of 
of Coarse Aggregates, D30-18 

" A S T M Standard Method of Test for Test for Abrasion of Rock, D 2-33 

Fine Aggregate 
Janesville Sand used in all concrete 
Weight of room dry, rodded sand—112 9 lb per cu ft 
Specific Gravity 2 70 
Percentage of Voids 33 

Sieve Analysis 

Sieve No Percentage Coarser than Sieve 

No 4 2 58 
No 8 20 50 
No 14 35 66 
No 28 55 78 
No 48 93 50 
No 100 99 31 

Fineness Modulus 3 07 
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T A B L E 1—Concluded 

Cement 
Residue on No 200 sieve—95 per cent 
Condition of Sample—Satisfactory 
Time of set Initial—3 Hr — Mm Final—5 Hr — Min 
Pat test by steam—Condition of pat satisfactory 
Kind of sand used in 1 3 mix—Ottawa Standard 
Temperature of water and air—yS'F. 
Water used for Normal Consistency of cement—23 5%, for 1 3 Mortar—10 4% 
Strength of neat cement briquettes at one day—453 lb per sq in 

Tensile Strength of 1 3 Mortar Briquettes 

Age, days Lb per sq in 

1 182 
3 280 
7 327 

28 408 
60 447 

180 470 
360 388 

Chemical Analysis Compounds Calculated from Chemical 
Analysis 

CaO 64 00 CaSO, 2 70 
MgO 2 39 4CaO kliOi FejOj 4 65 
AljO, 6 65 MgO 2 39 
FeiO, 1 53 3CaO AL>Os 15 03 
SiOj 21 74 3CaO SiOj 42 96 
SOj 1 59 2CaO SiOj 29 99 
Loss on Ignition 1 76 Loss on Ignition 1 76 

99 66 99 48 
Free CaO 18 

Sired water-cement ratio and slump with minimum cement content 
Economical proportions having been determined for each kmd of con­
crete by this method, \he preparation of actual test specimens was 
started About 500 pounds of concrete was made at one time in a 
one sack mixer, mixing for \ \ minutes This was sufficient for all 
specimens of a kind Corrections in the amount of water were neces­
sary at the mixer in many cases to get the desired slump In addition 
corrections were made for the amount of moisture contamed m the 
aggregates These two items explam the discrepancy between the 
design and actual values for the water-cement ratios of the various 
mixes Two types of specunens were made, 4 by 6 by 18-mch beams 
and 6 by 12-mch cylmders Information on the physical properties of 
the concrete may be found in Table I I Specunens were molded by the 
writer and an assistant and extreme care was taken to prevent any loss 
of water After molding they were covered with wet sacks, and the 
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following day, stripped and removed to the moist room All specimens 
were held in the moist room for at least 28 days 

At 28 days all of the compression specimens and one third of the 
beams were broken The beams were broken on a 16-tnch span at a 
speed of loadmg head of 0 023 inches per minute 

Another third of the beams was removed from ,the moist room at 
56 days, placed in trays and alternately frozen and thawed at the rate 

T A B L E I I 

P R O P E R T I E S OF C O N C R E T E 

Rock Mark 
Design 
Slump 

in inches 

Actual 
Slump 

in inches 

Proportions 
by Volume 

of Room Dry 
Redded 
Material 

Water-
Cement 

Ratio 
by 

Volume 

Cement 
Content 

in lb per 
cu ft of 
Concrete 

Weight of 
Saturated 
Concrete 

from Moist 
Closet at 

28 days, in 
lb per 
cu ft 

A-1 2 n 1-1 49-2 70 0 61 26 15 154 3 
A-2 2 1-2 25-3 59 0 84 19 30 151 9 

A Trenton 
A-3 2 2 1-3 08-4 54 1 04 15 35 152 1 A Trenton 
A-4 7 74 1-1 38-2 04 0 63 29 70 152 0 
A-5 7 64 1-2 23-2 91 0 84 20 85 149 4 
A-6 7 64 1-3 12-3 78 1 10 15 90 147 9 

B-1 2 24 1-1 49-2 60 0 63 26 40 156 9 
B-2 2 n 1-2 34-3 46 0 79 19 85 155 3 

B Trenton 
B-3 2 2i 1-3 07-4 37 1 02 15 65 155 3 B Trenton 
B-4 7 64 1-1 38-1 96 0 64 30 55 156 4 
B-5 7 7 1-2 22-2 80 0 85 21 60 154 8 
B-6 7 7 1-3 12-3 65 1 10 16 60 154 7 

C-1 2 n 1-1 49-2 58 0 64 26 20 155 6 
C-2 2 1-2 24-3 44 0 82 19 75 155 0 

C Lower Mag- C-3 2 H 1-3 07-4 35 1 04 15 50 154 0 
nesian C-4 7 74 1-1 38-1 95 0 64 30 15 154 4 

C-5 7 7i 1-2 22-2 80 0 84 21 30 152 8 
C-6 7 6 1-3 12-3 63 1 09 16 55 153 7 

D-1 2 2i 1-1 49-2 62 0 64 26 45 157 0 
D-2 2 2 1-2 24-3 48 0 81 19 85 155 8 
D-3 2 2 1-3 06-4 40 1 05 15 60 155 0 

J. ' l ingului D-4 7 8 1-1 38-1 97 0 63 30 20 154 9 
D-5 7 74 1-2 22-2 82 0 85 21 60 155 0 
D-6 7 6i 1-3 12-3 67 1 10 16 55 153 8 

of one cycle per day The six inch sides of the beams were vertical 
and the beams were half immersed in water upon mtroduction to the 
freezer and totally immersed while bemg thawed Freezing temper­
atures varied from 10°F immediately after placing m the freezer to 
—8°F 16 hours later Thawing temperatures averaged nearly 60°F 
These specunens were taken from the freezer, exammed and weighed 
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at 25, 60 and 60 cycles At 60 cycles they were broken over a 16-mch 
span with the side down which had been immersed m water m the 
freezer 

The final third of the beams was removed from the moist room at 
an age of six months and subjected to a test similar to the above m all 
respects' exceptmg that the concrete was placed m water only I to 
J inch deep when introduced into the freezer These specimens were 
also broken after 60 cycles of freezing and thawmg 

A number of specimens were made contaimng resistance thermom­
eters With these, it was found that the temperature mside of the 
concrete fell to below freezmg withm two hours after the specimens, 
at a temperature of GOT , were placed m the freezer with its temper­
ature of 10°F The temperature of the concrete then fell more slowly 
but had reached the freezer temperature of — 8°F. at the time of re­
moval, 16 hours later. In thawmg, an hour and a half was necessary 
to bring the mterior of the concrete up to withm five degrees of the 
temperature of the thawmg water. 

T E S T S ON R O C K 

After washmg, a quantity of each of the four crushed rocks was 
sieved by hand into four sizes This material was allowed to dry m 
the laboratory for two weeks or longer Separate samples of each size 
were then made up, about 3000 grams for material larger than If-m , 
1500 grams for f to l|-m , 750 grams for f to |-m , and 300 grams for 
No 4 to f-in These samples were placed m ordmary pmt and quart 
tin cans with holes punched m the lids and the cans were then set in 
trays for handlmg mto and out of the freezer The samples were 
thawed under water and the cans were kept full of water on mtroduc-. 
tion to the freezer so that all rock was continuously immersed. Freezer 
temperatures, length of cycles, etc , were the same as for the concrete 
The rock samples were removed from the water at 25, 50 and 100 
cycles and allowed to dry m the laboratory for a week, after which each 
individual sample was sieved by hand through the series of sieves ending 
with the No. 4. The samples were agam unmersed and returned to 
the freezer 

Other samples similar to the above were subjected to a modified 
form of the A S T M Tentative Method of Test for Soundness Coarse 
Aggregate (C 89-32 T) Sample sizes were as given above The test 
used differed from the standard in that the material was not oven dried 
before introduction to the sodium sulfate solution for the first time, and 
in that, after the completion of washmg the sodium suKate from the 
rock toward the end of the test, the rock was not then oven dned but 
was allowed to dry m the laboratory au- for at least a week After 
sieving, this sample was then run through an additional five cycles of 
the test to make the complete ten cycle test It was found sufficient 
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to dry the rock for four hours between unmersions in the sodium sulfate 
solution. In washing the sodium sulfate from the rock prior to drymg 
and sieving, it was found adequate to wash the rock five tunes in water 
as hot as was comfortable to the hand at periods not closer than two 
hours apart, allowmg the rock to remam m the water between washmgs 
The addition of a solution of barium chloride to the water from the 
last washmg gave no msoluble precipitate, which demonstrated that 
the sodium sulfate had been practically removed 

Absorption tests were run on both rock and concrete Rock samples 
consisted of about 1500 grams of room dry material between 1 and \ \ 
in m size The concrete specunens were halves of the concrete beams 
which had been broken at an age of 28 days and then stored m the 
laboratory. Values m Table V for the rock represent the average of 
at least three tests and for the concrete, two tests 

R E S U L T S O F T E S T S 

Table I I I shows the results of strength tests on the concrete cylmders 
and beams at an age of 28 days Also the strengths are given of the 
two sets of beams subjected to 60 cycles of freezmg and thawmg, one 
set being tested at an age of 22 weeks and the other at 40 weeks These 
two groups of beams were placed m the freezer for the first tune at 
ages of 56 days and 6 months, respectively A measure of the loss of 
strength of the concrete due to freezmg and thawing is given by the 
ratio found by dividmg the strength after freezmg and thawmg by the 
strength at the start of the test To do this it was necessary to estunate 
the strengths at 56 days and at 6 months on the basis of the 28-days 
strengths Columns 9 and 10 of Table I I I contam the results of these 
calculations, the strength at 56 days bemg assumed as 1| of that at 
28 days and the strength at 6 months l\ of that at 28 days These 
estimates of strength were made after a study of available data as to 
strength-time relationships for moduh of rupture of concrete beams 
and it IS felt that they are reasonably fair, with the possible exception 
that the values may be high at six months for the types, A-1, D-1 and 
D-4 There is little information available showmg the strength mcrease 
with age of concrete with a modulus of rupture of over 1000 pounds 
per square inch and it is possible that the assumed strength values at 
SIX months are too high m these cases Columns 11 and 12 of Table 
I I I show the percentage of strength of the concrete beems retamed 
after 60 cycles of freezmg and thawmg It should be remembered that 
the 56-day specimens were half immersed in water while m the freezer 
and the six-month specunens unmersed to a depth of not over \ mch 
in water 

A number of diagrams are devoted to interpreting the data mcluded 
in Table I I I Figure 1 shows the relationship between the strength 
and water-cement ratio for the concrete cyhnders broken at 28 days. 
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It will be noted that although the "A" Trentons show rather lower 
strengths than the rest of the concretes, all show the increase of strength 
with decrease of water-cement ratio Furthermore, there is no type 
which IS erratic in its behaviour Figure 2 shows the relationship 

T A B L E I I I 

E F F E C T OF W E A T H E R I N Q T E S T S ON STRENGTH OF C O N C R E T E 
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Col 9 Col 10 

1 2 3 4 6 6 7 8 9 10 11 12 

A-1 n 0 61 6,000 1,060 855 1,090 1,190 1,325 72 82 
A-2 0 84 3,890 840 535 735 945 1,050 57 70 

A Trenton A-3 2 1 04 2,410 660 40 125 745 825 5 15 
A Trenton 

A-4 7J 0 63 5,650 885 765 820 995 1,105 77 74 
A-5 6h 0 84 3,440 735 95 245 825 920 11 27 
A-6 6i 1 10 1,880 575 0 15 645 720 '0 2 

B-1 2i 0 63 6,600 1,000 875 990 1,125 1,250 78 79 
B-2 n 0 79 4,250 860 490 590 965 1,075 51 55 

B Trenton B-3 2i 1 02 2,540 640 40 125 720 800 6 16 B Trenton B-4 6i 0 64 6,550 1,010 830 1,035 1,135 1,265 73 82 
B-5 7 0 85 4,320 845 220 400 950 1,055 23 38 
B-6 7 1 10 2,220 635 60 90 715 795 8 11 

C-1 I f 0 64 6,370 1,015 980 1,055 1,140 1,270 86 83 
C-2 2J 0 82 4,470 880 295 615 990 1,100 30 56 

C Lower Mag- C-3 l i 1 04 2,370 775 325 400 870 970 37 41 
nesian C-4 7i 0 64 6,900 990 975 1,095 1,115 1,240 87 88 

C-5 0 84 4,520 855 405 775 960 1,070 42 72 
C-6 6 1 09 2,320 670 80 160 755 835 11 19 

D-1 2i 0 64 6,920 1,045 1,150 1,195 1,175 1,310 98 91 
D-2 2 0 81 4,470 935 730 885 1,050 1,170 70 76 

D Niagara < D-3 2 1 05 2,310 725 385 525 815 905 47 58 D Niagara < D-4 8 0 63 6 770 1,055 1,155 1,165 1,185 1,320 98 88 
D-5 7h 0 85 3,810 880 450 785 990 1,100 45 71 
D-6 6i 1 10 2,400 625 160 420 705 780 23 54 

* Broken at age of 22 weeks In moist closet 7 to 9 days after completion of 
weathering test 

** Broken at age of 40 weeks In moist closet 7 to 9 days after completion of 
weathering test 

Each value represents the average of three tests 
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between the moduli of rupture and water-cement ratio for the concrete 
beams broken at an age of 28 days Here tlie concretes of 7-inch slump 
using "A" Trenton as a coarse aggregate are quite low in strength 
again For medium arid low water-cement ratios the strengths of the 
remainder of the concretes are reasonably close but in the case of the 
high water-cement ratios there is considerable scattering of strengths 
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Figure 1 Compression Strength of Concrete Cylinders at 28 Days 

The " C " Lower Magnesian of 2-inch slump (C-3) shows an unusually 
high strength as compared with the others whereas the "B" Trenton 
with 2-inch slump is rather low The writer can assign no definite 
reason for this, especially as the compressive strengths of cyhnders 
made from the same batches were perfectly normal 

Figure 3 shows the effect of amount of mixmg water and kind of 
coarse aggregate on the resistance of the concretes to freezing and 
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thawmg. Each pomt on this diagram represents 12 specimens which 
include the 56-day and the 6-month specunens of both 2 and 7-inch 
slumps The decrease of resistance to freezing and thawing with an 
increase of water-cement ratio is very clearly and definitely sliown 
There is also a clearly shown banding of the concretes accordmg to the 
type of coarse aggregate used Data subsequently presented show 
that durabihty tests on the coarse aggregates graded them, in order 
of increasmg resistance to weathering. A, B, C, and D, with small, 
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7-in 

Symbol 
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o 
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11 

Figure 2. Cross Bending Tests on 4 x 6 x 18-in. Concrete Beams 

differences between A and B The freezmg and thawmg tests on the 
concrete show the same order so that there is a real basis for behevmg 
that, as far as crushed limestone aggregates are concerned, the durability 
of the aggregate is reflected m the durability of the concrete It must 
be remembered that the rock was all clean and fresh and washed be­
fore use, and whJe A and B would not rate as high under visual inspec­
tion as C and D, they were far from bemg "rotten " 

Figure 4 shows the effects of age and type of test on the resistance 
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of the concretes to weathermg Each pomt represents six specimens, 
which mclude those of 2 and 7-mch slump In one way it is unfor­
tunate that it was found necessary to reduce the depth of immersion 
for the six-month specimens to one-half mch while m the freezer m 
order to cut down the freezer load The 56-day specimens were im­
mersed m three inches of water, and this makes it unpossible to tell 
just how much of the spread between the sohd and dotted lines repre­
senting 6-month and 56-day specimens is due to age and how much is 

Each point represents IZ specimerts 
Average of Z curing periods 

56 days * 6 months * * 
Average of Z mijies designeaf for 

Z-in slump 7-in slump 
aggregate -Janesville sand 

* immersed in 3 inches of 
water while in freezer 

* » Bottom resting in ^nch 
of tvafer while in freezer 

D Niagara LS 

CLow Stag LJ 

B Trenton LS 

A Trenton L S 

07 0 3 0 9 10 
Water-cement Rotio by Volume 

Figure 3 Effect of 60 Cycles of Freezing and Thawing on 4 x 6 x 18-ln Con­
crete Beams 

due to type of test The writer is of the opmion that, masmuch as the 
bottoms of the specimens were immersed in each case and there was 
water available m the tray until it froze, that age was the major factor 
in makmg the six-month specimens the more resistant to the weathermg 
test The curves are by no means as regular as those m Figure 3 and 
it IS thought that a reason for this may be the smaller number of speci­
mens represented per pomt. The data for the concrete of "D" Niagara 
rock show that the 56-day concrete of low water-cement ratio was more 
resistant than the 6-month concrete of the same water-cement ratio 
It is thought that these ratios in Figure 4 may not truly represent these 
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ages, on account of lack of a good basis for estimating the increase m 
the modulus of rupture of such high strength concrete due to agemg 
from 28 to 56 days or to 6 months 
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Figure 4. Effect of Age and Type of Test on Resistance of Concrete to Freezing 
and Thawing 

Figure 5 shows the effect of consistency on the resistance of concrete 
to weathering The general appearance of the curves suggests that 
low slump concretes are somewhat more resistant than high slump 
concretes Each point represents six specimens made at the same time 
A thorough study of the on'gmal data from these tests reveals no con-
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elusive reason for the erratic behaviour of a few of the concretes repre­
sented on this curve sheet 

Of the four variables above—age, consistency, amount of mixing 
water, and type of coarse aggregate—the latter has been studied at 
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Figure 5. Effect of Consistency on Resistance of Concrete to 60 Cycles of Freez­
ing and Thawing. 

considerable length Table IV shows the effect of 25, 50 and 100 
cycles of freezing and thawmg and 5 and 10 cycle runs of a modified 
form of the A S T. M Soundness Test in reducmg the size of the crushed 
rock particles This effect is measured m two ways The first or 
"fineness index" method amounts to finding a modified fineness modulus 
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for the sample before and after the weathermg or soundness test This 
modified fineness modulus is found in tlie ordinaiy way with the excep­
tion that only four sieves, the 15-m , the f-in , the f-in and the No 4 
are used in actual sieving and considered in computing the results 

T A B L E IV 

E F F E C T OF W E A T H E R I N G T E S T S I N R E D U C I N G S I Z E OF C R U S H E D R O C K P A R T I C L E S 

Rock 

A Trenton 

B Trenton 

Entire Sample 

C Lower 
Mag-
nesian 

Entire Sample 

D Niagara 

Entire Sample 

0 Fineness Index* After Test Percentage Loss** After Test 

Size 

is*
 I

nd
ex

 B
el

 

Freezing and 
Than mg 

A S T M 
Sodium 
Sulfate 

Test 
(Modified) 

Freezing and 
Thawing 

A & T M 
Sodium 
Sulfate 

(Modified) 

Fi
ne

ne
i 

T
es

t 

25 
Cy­
cles 

50 
Cy-
cles 

100 
Cy-
cles 

S 
Cy-
cles 

10 
Cy­
cles 

25 
Cy­
cles 

60 
Cy­
cles 

100 
C j -
cles 

S 
Cy-
cles 

10 
Cy­
cles 

(u) No 4-f 1 00 0 93 0 84 0 78 0 94 0 63 7 3 15 6 21 6 6 2 37 6 
(b) l - J 2 00 1 88 1 76 1 61 1 92 1 53 8 5 16 9 26 6 5 4 30 7 
(c) M 4 3 00 2 80 2 65 2 44 2 78 2 22 12 9 21 7 37 3 13 6 37 8 
(d) 14+ 4 00 3 74 3 38 3 01 3 42 2 84 16 8 44 2 60 9 32 7 57 4 

>le 2 70 2 53 2 34 2 13 2 45 1 96 12 0 25 2 38 2 15 2 40 9 

No 4 - f 1 00 0 94 0 89 0 85 0 96 0 76 6 4 10 9 14 7 4 3 25 9 
hi 2 00 1 81 1 69 1 60 1 95 1 61 13 3 21 9 27 3 4 5 25 9 
M 4 3 00 2 83 2 72 2 56 2 74 2 46 8 8 17 7 26 4 16 1 28 0 
14+ 4 00 3 78 3 50 3 26 3 50 2 99 12 6 28 5 34 6 28 8 45 4 

2 70 2 53 2 38 2 24 2 46 2 13 10 5 20 4 26 9 14 6 31 2 

No 4 - t 1 00 0 97 0 93 0 88 0 98 0 91 3 4 6 7 11 7 2 3 9 3 
2 00 1 94 1 88 1 82 1 98 1 90 3 6 8 1 11 7 1 0 6 1 

i-14 3 00 2 94 2 89 2 80 2 98 2 92 3 2 6 7 11 4 1 5 4 3 
14+ 4 00 3 94 3 89 3 78 3 93 3 70 4 3 7 2 15 7 4 1 18 2 

2 70 2 65 2 59 2 51 2 66 2 56 3 6 7 2 12 6 2 2 9 0 

No 4-1 1 00 1 00 0 99 0 98 0 98 0 96 0 4 0 8 1 4 1 6 3 8 
W 2 00 1 98 1 97 1 96 1 98 1 97 1 3 3 0 3 7 1 5 3 1 
M 4 3 00 2 99 2 99 2 97 2 98 2 98 0 4 0 7 1 8 1 3 1 6 
14+ 4 00 3 99 3 98 3 93 3 99 3 95 0 I 1 6 5 0 0 6 3 6 

2 70 2 69 2 69 2 66 2 69 2 67 0 1 1 5 3 0 1 2 2 8 

* The "Fineness Index" is determined by adding percentages of the rock re­
tained on No 4, l-in , j - in , and 14-in sieves 

** "Percentage Loss" is the amount in per cent of the rock passing, after the 
test, the sieve on which it was originally retained 

*** Values for "Entire Sample" found by weighting the four sues, a, b, c, d, 
15, 25, 35, and 25 per cent respectively 

Each value represents the average of 3 tests 

The second method of measurmg the effect is by the "percentage loss" 
or that percentage of material passmg, after the test, the sieve on which 
it was all retamed before the test In computmg the average values 
for the entu-e sample, the different sizes were weighted accordmg to 
their use m a typical crushed rock concrete for road pavement 
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Figure 6 correlates the results of the various accelerated weathermg 
tests on the rock samples with lesults of freezmg and thawing tests on 
concrete beams The strength ratios for the beams are plotted as 
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p - „ - Modulus of Rupture after Freezing ond Thawing fr . \ 

Estimated Mod of Rupture Normally Cured (Concrete) 

Figure 6. Effect of Various Weathering Tests on Four Crushed Limestone 
Aggregates 

abscissas with the fineness mdices or percentages of loss for the corre-
spondmg rocks as ordmates. By comparmg the ordmate values for 
each accelerated test it can be seen that all of the tests classify the rock 
m the same manner. By comparmg dash and full lines it will be ob-
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served that 5 cycles of the A S T M Soundness Test are approxi­
mately comparable to 25 cycles of freezing and thawing m seventy and 
10 cycles of the former are nearly equivalent to 100 cycles of the latter 
It is mteresting to note the pronounced dismtegration of the poorer 
rocks caused by the A S T M Soundness Test The slopes of all 
curves m Figure 6 plainly mdicate that lack of durabihty of a hmestone 
rock, as measured by these weathermg tests, adversely affects the re­
sistance to freezing and thawing of the concrete containmg the rock 

Figure 7 is a comparison of the two ways of measuring the dis-
mtegratmg effects of the accelerated weathermg tests on a rock The 
straight Ime relationship shows that these two methods are in accord 
for the crushed lunestones tested This suggests the sole use of per-
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Figure 7. Comparison of Methods of Measuring Effects of Weathering Tests 
on Coarse Aggregates 

centage loss for a measure of the effect of such tests, masmuch as it 
mvolves less labor in sievmg then does the determmation of the neces­
sary data for calculatmg the fineness mdex of the material Figure 8 
shows the percentage loss of each of the different sizes for the four kmds 
of rock after 100 cycles of freezing and thawmg While there is a tend­
ency towards spread, it can be seen that with one smgle exception the 
percentage loss for any of the sizes tends to classify the rock as to 
weathermg resistance, and this one exception only fails to distmguish 
between the two poorest rocks, A and B The percentage loss for the 
matenal over 1| mch m size shows exactly the same trend as the per­
centage loss for the entire sample but exaggerates it for the poorer rock 
The whole of the evidence given here illustrates the possibility of usmg 
percentage loss on material of a fairly large size as a criterion of the 
relative degree of weathering resistance of the various rocks Such a 
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measure would reduce the amount of labor mvolved m makmg accel­
erated weathermg tests and lessen the possibihty of errors, as it is a 
rapid matter to sieve matenal of a large size and there is small likeh-
hood of losmg it at any stage of the test This point is now under 
investigation for about forty limestone aggregates at the Umversity of 
Wisconsin 

Table V shows the results of absorption tests on room dry concrete 
and crushed rock This material was not oven dried at any time 
For any given coarse aggregate, the concrete shows an mcrease m 
amount of absorption as the water-cement ratio increases Between 
the various concretes, however, there is no consistent relationship to 
be observed between absorption or rate of absorption and resistance 
to freezing and thawing No further studies have been included bear-

oifer 
100 cycles (^freezing 

and thamng 
Trenton L S 
Trenton L S 

- Lotv. Mag L S 
- Niagara L 5 

Entire 
Sample 

No4-i-in^ 

B C 
Kind of Crushed Limestone 

Figure 8 Effect of Freezing and Thawing on Different Sized Particles of 
Coarse Aggregates 

ing on this subject as a short exammation of Tables I I I and V will 
show that, m many cases, concretes of about the same absorption and 
rate of absorption had widely differing resistances to freezing and thaw­
ing Considering the absorption data for the crushed rock, it is note­
worthy that the A and B Trentons show a smaller rate of absorption 
as determined by the ratio of 6 minute absorption to 24 hour absorp­
tion than do the more resistant rocks C and D 

Table VI shows the percentage loss in weight of the concrete beams 
at various stages of the freezing and thawing tests In addition, the 
last column of the table gives the condition of the 56-day specimens as 
determined by visual mspection after 60 cycles of freezing and thawmg 
Each set of specimens was placed in one of six cla'sses according to the 
amount of disintegration observable In doing this, the writer assigned 
each type to its particular group after reference to pictures and written 
descriptions of the specimens and disregarded any information avail-
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able as to strength losses It will be noticed that the correlation be­
tween their condition and loss of weight was very good, which is only 
natural, as any considerable loss m weight leaves a sorry lookmg speci-

T A B L E V 

AB.SORPTION T E S T S ON C O N C R E T E AND C R U S H E D R O C K 

Tests on Concrete 

Rock Mark 
Actual 
Slump 

Wate> 
Cement 
Ratio 

Pereentage Absorption by Weight 
for Room Dry* Concrete at age 

of 23 Weeks 
Ratios 

Rock Mark 
in 

inches by 
Volume 6 15 1 6 24 48 6 Mm 1 Hr by 
Volume 

Mm Min Hr Hrs Hrs Hrs 24 Hr 24 Hr 

A-1 l i 61 23 31 52 91 1 28 1 44 18 41 
A-2 2f 84 54 78 1 20 1 95 2 49 2 76 22 48 

Trenton A-3 2 1 04 71 95 1 45 2 36 2 95 3 23 24 49 
A Trenton A-4 7i 63 27 42 71 1 24 1 66 1 88 16 43 

A-5 6i 84 41 62 1 06 1 85 2 47 2 79 17 43 
A-6 6§ 1 10 73 1 07 1 79 2 93 3 78 4 07 19 47 

B-1 2i 63 30 42 71 1 20 1 56 1 74 19 46 
B-2 I f 79 38 57 99 1 63 2 16 2 42 18 46 

B Trenton B-3 
B-4 

2i 
6J 

1 02 
64 

68 
36 

96 
53 

1 58 
87 

2 
1 

66 
45 

3 43 
1 88 

3 
2 

67 
10 

20 
19 

46 
46 

B-5 7 85 44 62 1 03 1 73 2 20 2 44 20 47 
B-6 7 1 10 64 89 1 46 2 41 3 03 3 26 21 48 

C-1 l i 64 38 51 77 1 19 1 44 1 68 26 53 
C-2 2} 82 56 77 1 20 1 89 2 39 2 58 23 50 

C Lower Mag- C-3 U 1 04 76 1 06 1 66 2 55 3 10 3 28 25 54 
nesian C-4 74 64 41 58 93 1 40 1 72 1 89 24 54 

C-5 71 84 57 80 1 23 1 86 2 34 2 52 24 53 
C-6 6 1 09 82 1 16 1 85 3 06 3.76 3 94 22 49 

D-1 2i 64 28 42 67 98 1 25 1 37 22 54 
D-2 2 81 41 54 90 1 43 1 83 2 00 22 49 

D Niagara D-3 2 1 05 68 95 1 52 2 33 2 82 2 97 24 54 
D Niagara D-4 8 63 35 49 81 1 22 1 62 1 65 23 53 

D-5 74 85 54 77 1 18 1 84 2 28 2 44 24 52 
D-6, 6i 1 10 61 92 1 54 2 63 3 31 3 52 18 47 

Tests on Rock** 

A Trenton 
B Trenton 
C Low Mag 
D Niagara 

39 58 88 1 23 1 30 1 33 30 68 
28 43 57 75 77 82 36 74 
56 61 71 83 89 95 63 80 
29 34 42 50 55 60 53 76 

* Stored for 19 weeks in Laboratory—Ave Temp 75^ , Ave Humidity 
Approx 40% 

** Rock stored in laboratory for more than one year Percentage absorption 
h&eed on weight of room dry material Temperature and humidity approx­
imately as above. 
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men The correlation between condition and loss of strength, while 
good for the specunens in the best and poorest groups, is only fau- for 
the intermediate groups Weight losses tend to be either extreme or 

T A B L E V I 

Loss OF W E I G H T OF C O N C R E T E I N W E A T H E R I N G T E S T S 

• 

Water-

Percentage Loss of Weight Durmg 
Freezmg and Thawmg Testa Condition* 

of 56 day 
Specimens 
at 60 cycles 

as deter­
mined by 

Actual 
Slump 

I D 
Inches 

Water-
Condition* 
of 56 day 
Specimens 
at 60 cycles 

as deter­
mined by 

Uock Mark 
Actual 
Slump 

I D 
Inches 

Cement 
Ratio 

by 
Volume 

56 day Specimens 
at end of 

6 Mo 
Spec 

at End 
of 60 

Cycles 

Condition* 
of 56 day 
Specimens 
at 60 cycles 

as deter­
mined by 

Cement 
Ratio 

by 
Volume 

25 
Cycles 

50 
Cycles 

60 
Cycles 

6 Mo 
Spec 

at End 
of 60 

Cycles 
Visual 

Inspection 

A-1 61 0 1 0 1 0 2 2 1 
A-2 2i 84 0 2 1 0 1 7 2 3 

A Trenton A-3 
A-4 

2 
7i 

1 04 
63 

2 8 
0 1 

25 6 
0 3 

57 5 
0 3 

6 4 
3 

6 
1 

A-5 Gk 84 0 1 4 2 8 2 3 
A-6 61 1 10 2 3 62 6 100 0 50 2 6 

n-1 2k 63 0 1 0 1 0 2 2 1 
B-2 U 79 0 0 4 0 5 6 2 

B Trenton B-3 
B-4 

2i 
6̂  

1 02 
64 

0 3 
0 1 

12 6 
0 1 

19 1 
0 1 

2 1 
1 

5 
1 

B-5 7 85 0 0 5 1 0 4 3 
B-6 7 1 10 0 3 7 3 15 9 5 9 5 

C-1 64- 0 0 1 0 1 2 1 
C-2 2i 82 0 1 8 3 1 1 4 

C Lower Mag­ C-3 u 1 04 0 6 3 8 6 2 2 3 4 
nesian C-4 7J 64 0 1 0 1 0 1 3 1 

C-5 75 84 0 0 5 0 8 5 2 
C-6 6 1 09 0 7 12 4 20 3 4 7 5 

• D-1 2J- 64 0 1 0 1 0 1 2 1 
D-2 2 81 0 0 3 0 7 4 2 

D Niagara D-3 
D-4 

2 
8 

1 05 
63 

0 
0 1 

1 8 
0 1 

2 9 
0 1 

6 
2 

3 
1 

D-5 7i 85 0 0 0 2 3 2 
D-6 6i 1 10 0 2 6 5 7 1 1 4 

• Notes on condition of 4 by 6 by 18-m beam specimens 
1 No appreciable disintegration 
2 Slight disintegration of mortar on top and side surfaces with slight bevel­

ing of top corners and edges 
3 Some disintegration of mortar on top and side surfaces with considerable 

spalling of concrete on upper corners 
4 Mortar spalling rather generally on top and side surfaces Checking 

visible on all surfaces Top corners disintegrated with this condition 
likely extending over ends 

5 Top, aides and ends all spalling badly with considerable loss of matenal 
but with a portion of the specimen still solid 

6 Nearly or completely disintegrated Can be largely broken up with bare 
hands 
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Fig. 9 
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negligible Because of this, the percentage loss of strength has been 
made the basis of classification as to relative durability of the con­
cretes studied in this paper As an illustration of the degree of severity 
of the freezing and thawing test, and also as a visual explanation of the 
grading given at the bottom of Table VI, pictures of four specunens of 
concrete made using " C " Lower Magnesian rock are shown in Figure 9 

E X P A N S I O N T E S T S ON C O N C R E T E BEAMS 

Incidental to the work described above, tests were run on some 
twenty concrete beams to determme their expansion due to alternate 
freezing and thawmg These beams had been made earlier by Messrs 
J H Craven and P R Ferguson m connection with another research 
project, but, as room was available in the freezer, it was thought that 
some expansion tests might well be included Full information on the 
physical properties of the beams is given m Table VII Freezing con­
ditions were similar to those of the specimens tested for strength, the 
only difference being that the expansion beams were not unmersed 
while in the freezer Approxunately every five cycles, durmg the thaw­
mg period, each of the specimens was measured with a 20-mch stram 
gage to get the change m length It will be noted that the prmcipal 
variables are water-cement ratio, slump, proportions of mix, curing 
conditions and kind of cement used 

With the above number of variables and 20 specimens, it is of course 
impossible to make a complete study of the effect of each on the ex­
pansion The effects of certam of the variables can be seen m Figure 10, 
however, m which unit expansion is plotted against cycles of freezmg 
and thawmg Three things are evident from a study of this figure 
Those beams made usmg B brand of qmck hardenmg cement showed a 
higher rate of expansion than any other of the specimens This may 
be partially explamed by the fact that the concrete m these beams 
had a rather low slump and may have inclmed to harshness with result-
mg low density However, the concrete m beams usmg "A" brand of 
quick hardenmg cement m some cases had low slumps but did not show 

Figure 9 Effect of 50 cycles of freezing and thawing on four concrete specimens 
made using " C " Lower Magnesian limestone as a coarse aggregate. These speci­
mens were cured 56 days before they were subiected to the weathering test On 
the basis of the grading used in Table VI, these specimens would be rated in 
Increasing order of disintegration as follows: C-1 in class 1, C-5 in class 2, C-2 
in class 3 and C-6 in class 5. 

Water-Cement 
Hark Ratio Vol Slump in inches 
C-1 0 64 I f 
C-2 0 82 2 i 
C-5 0 84 7J 
C-6 1 09 6 
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this high expansion In many ways the beams usmg "A" brand be­
haved much hke those using portland cement A second point to be 

T A B L E V I I 
EXPANSION TESTS ON CONCRETE BEAMS SUBJECTED TO FBEEZINQ AND THAWINO 

Data on Mixes 

Water-
Cement 

Ratio by 
Vol 

Slump m 
mcbes 

Pro portions 
of Mix by 

Weight 

Curing Conditions Cement 
Content in 

lb per cu ft 
of concrete 

No 
Water-

Cement 
Ratio by 

Vol 
Slump m 

mcbes 
Pro portions 
of Mix by 

Weight Moist 
Closet, 
days 

Air, ' 
days 

Moist 
Closet, 

days 

Cement 
Content in 

lb per cu ft 
of concrete 

lA 0 99 1 1 3 95 3 95 7 70 292 16 90 
7A 0 98 1 1 3 95 3 95 7 70 278 17 20 
IP 0 80 1 1 2 68 2 89 7 70 292 22 90 
7P 0 80 3i 1 2 68 2 89 7 70 278 23 20 
I B 0 92 i 1 3 95 3 95 7 70 292 16 60 
7B 0 93 0+ 1 3 95 3 95 7 70 278 16 10 

2A 0 65 14 1 2 25 2 78 7 70 291 25 35 
8A 0 65 1 1 2 25 2 78 7 70 271 25 45 
2? 0 51 3 1 0 85 1 40 7 70 291 46 50 
8P 0 51 2 1 0 89 1 40 7 70 271 47 00 
2B 0 57 1 i 1 1 86 2 54 7 70 291 28 70 
8B 0 57 i 1 1 86 2 54 7 70 271 28 15 

3A 0 89 H 1 3 51 3 51 7 70 290 18 75 
3P 0 68 U 1 2 43 2 86 7 70 290 24 50 

lOA 0 80 4 1 3 21 3 60 7 70 265 19 60 
lOP 0 57 2 1 1 75 2 34 7 70 265 30 75 

l l A 1 01 6 1 2 91 3 26 328 22 00 
I I P 0 80 3 1 2 68 2 89 348 23 55 
12A 0 65 6i 1 1 82 2 14 328 31 60 
12P 0 50 7 1 1 00 1 25 341 48 00 

A—Quick hardening cement 
B—Quick hardening cement 
C—Portland cement 
4 by 4J by 21-in concrete specimens measured over 20-in gage length 
Janesville sand and gravel used as aggregate 
Concrete not immersed while in freezer 

Data on Temperatures 

Concrete temp, on introduction to freezer 60°F (Approx ). 
Freezer temp on introduction of concrete 10°F (Approx ) 
Both fall to - 8 ° F in 16 hours or less 

Concrete thawed m water at 60°F (approx ) for 8 hours 
Concrete reaches temp of 55°F (approx ) in l i hours 

observed is that the four specimens of high slump cured continuously 
in the moist room showed much higher rates of expansion than did the 
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other beams of "A" and portland cements, which were all of lower 
slumps and which had had some air curing Both the method of curing 
and the consistency apparently had some effect here Lastly, given 
two beams of about the same consistency and usmg the same brand 
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Figure 10 Expansion of 4 x 4} x 21-ln Concrete Beams Due to Freezing and 
Thawing 

of cement, the one with the higher water-cement ratio generally showed 
a shghtly greater rate of expansion 

The eight beams which had a umt expansion of over 0 001 were all 
showmg some visual evidence of disintegration due to freezing and thaw­
ing Beams IB and 7B (unit expansion, 0 003) were badly disintegrated 

SUMMARY 

1 For the concretes using the four crushed limestones of differing 
characteristics as the coarse aggregates 
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a Tlie resistance of the concrete to freezing and thawing was found 
to decrease directly as the water-cement ratio increased 

b The quahty of the coarse aggregate as determined by any of the 
given accelerated weathermg tests was directly reflected m the resis­
tance to freezmg and thawmg of the concrete 

c The resistance of the concrete to freezmg and thawing was some­
what increased by an additional length of curmg prior to the weathering 
test. 

d. Sixty cycles of freezmg and thawmg with partial immersion of the 
type used proved a severe weathermg test for concrete cured m a 
moist room 

e. Strength losses due to freezmg and thawmg were not always ac­
curately indicated by loss m weight or condition as determined by visual 
inspection, although the last two measures agreed very well between 
themselves 

f No definite relationship was found to exist between the absorptive 
properties and the resistance to freezing and thawing of the concretes 
tested 

2 For four crushed limestone coarse aggregates: 
a Freezing and thawmg tests and a shghtly modified form of the 

A. S T M Tentative Method of Test for Soundness of Coarse Ag­
gregate both graded the rocks m the same relative order of durability 
or resistance to weathermg 

b The reduction m particle size due to 25 and 100 cycles of freezmg 
and thawmg was roughly duphcated by that due respectively to 5 and 
10 cycle runs of a shghtly modified form of the A S T M Soundness 
Test 

c. Change m either "fineness mdex" or "percentage loss" served 
equally well as measures of the amount of dismtegration caused by 
weathermg tests 

d. Evidence was developed that a measure of weathermg resistance 
is given by the percentage loss of the large size rock particles alone 

DISCUSSION 

ON 

WEATHERING TESTS ON C O N C R E T E 

M R a T . GOLDBECK, Director, Bureau of Engineering, National 
Crushed Stone Association. In discussmg Mr Hanson's excellent paper, 
I find myself m the very undesu:able position of wishmg that it were 
possible for me to heartily disagree with his test results, but finding, 
upon analyzmg them, that I can offer no major criticisms I do not 
thmk Mr Hanson would imply that his results are anythmg more than 
mdicative They cannot be conclusive because of the comparatively 
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small number of test specimens used for each mixture of concrete and, 
further, because of the very limited number of limestones tested 

It IS very clearly mdicated by these tests that the durability of con­
crete IS controlled largely by the water-cement ratio of the mixture, 
but there is one pomt I should like to bring out m this connection which 
Mr Hanson has not touched on to any great extent 

It will be recalled that with each stone he made six mixtures, two 
of them with a low water-cement ratio, two with a medium and two 
with a high water-cement ratio The mixtures were so designed that 
three of them had a rather dry consistency as mdicated by the slump 
test and three of them a comparatively wet consistency The water-
cement ratios used m the wet consistency concretes were almost identi­
cal with those used m the dry consistency concretes Although Mr. 
Hanson does not show the cement factor used in the various mixes, 
it must be clear that in order to obtam high slump m one case and 
low slump m another, more cement paste must have been used in 
the wet consistency mixtures than m those of dry consistency, and, 
therefore, a greater volume of water must have been used in those 
mixtures having a high slump than m those havmg a low slump. 

As cement requires a comparatively small amount of water for hy­
dration, roughly two gallons per sack there must have been left over a 
larger amount of free water in the case of the wet mixtures than in 
the case of the dry mixtures This free water creates porosity, and 
higher porosity m the wet mixtures than in the dry In all probability 
this will explam why the wet mixtures dismtegrated to a greater extent 
than the dry mixtures in the freezing tests, notwithstandmg the fact 
that they had the same water-cement ratio as the dry mixtures 

These results are quite m line with those obtamed m our laboratory 
a few years ago We found that the free water, which creates porosity, 
IS a somewhat better mdex of the resistance of the concrete to weathering 
than IS the water-cement ratio 

Mr Hanson's results seem to mdicate that rocks which show low 
resistance m accelerated tests, whether freezmg and thawmg or sodium 
sulfate tests, seem to brmg about more rapid dismtegration in concrete 
than rocks which are more resistant This indication seems to be quite 
reasonable However, an analysis of Mr Hanson's curves indicates 
that a rock having comparatively low resistance in the accelerated test 
may give just as good strength results as a rock of high resistance if it 
is used with a low water-cement ratio concrete 

Mr Hanson speaks of the desirability of usmg the percentage of loss 
of weight of the rock sample after a given number of cycles of freezing 
and thawing as a proper mdex of the weathermg resistance of that rock, 
the same sieve being used in the determmation of percentage of loss 
as in the preparation of the sample In this connection I should like 
to call attention to the fact that a serious error may be introduced in 
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the determination of the percentage of loss by this procedure It may 
well happen that, due to the test, fragments of rock, essentially sound, 
may become spalled off so that they then will pass the sieve openmg 
used in the preparation of the sample These sound pieces would be 
accounted as unsound in the procedure suggested by Mr Hanson, where, 
as a matter of fact, these fragments may be entirely sound 

Let me illustrate what I mean by some test results obtamed m our 
laboratory on a sample of limestone The 2^ inch to H inch fraction 
after the sodium sulfate test, was sieved through the 1̂  inch screen 
It had a loss of 40 per cent, when sieved through the 1 inch screen, 
it had a loss of only 9 per cent, and when sieved through the f inch 
screen, a loss of only 8| per cent The other fractions gave sunilar 
results The large fragments which passed through the 1| inch screen 
were not unsound any more than the fragments which were retained 
on this screen They were merely spalled off so that they now could 
pass through this size of opemng 

The American Society for Testing Materials' specifications are de­
fective m this particular method of determining the percentage of loss 
after tlie test and it is my suggestion that it could be made into a satis­
factory specification through the use of a screen havmg an opening 
one-half the size of the openmg of the minmium size screen used m the 
preparation of the sample 

I think we should be very careful m interpreting any form of acceler­
ated soundness test, whether it be made on concrete or on aggregates 
In the first place, as everyone concerned with construction realizes, 
concrete is used under a wide variety of conditions of exposure As 
yet, we do not know the relation between these exposure conditions 
and the extreme conditions of exposure which obtain in our accelerated 
laboratory tests We know that certam types of materials will break 
down very badly when subjected to freezing and thawmg, or to the 
sodium sulfate test and yet these same materials have been used for 
years with entire satisfaction The mere fact that they fail in some 
arbitrarily chosen accelerated laboratory test is not necessarily a proper 
criterion of their suitability for the service which they are supposed 
to render 

Although some materials fail badly m an accelerated test, they seem 
not to cause any particular defect in concrete structures unless it be a 
slight blemish in the surface of the concrete after long years of exposure 
On the other hand, other materials which, in the laboratory test, fail 
no worse than the type of material which I have just mentioned, will 
cause concrete to expand and disintegrate in a comparatively short time 
when exposed to the weather Some materials expand with great force 
upon disintegration, others merely soften and break apart in the course 
of tune One type of material is dangerous, the other type can be 
and has been used with perfect safety 
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The expansion tests reported by Mr Hanson are interesting and they 
indicate a type of investigation which should be extended in connection 
with weathermg tests It will be noted that the expansion specimens 
designed for a six mch slvimp exhibited far greater expansion than those 
designed for a two inch slump, again suggestmg that the free water, 
that is the uncombmed water which creates porosity, had something 
to do with the amount of expansion obtained 

A number of mvestigators have undertaken investigations in the 
weathermg tests of aggregates and of concrete, each using his own partic­
ular method, but m the vast majority of cases the investigator is left 
in doubt as to the true meaning of his test in terms of the service value 
of the material under consideration Would it not be a fine thing if 
this matter of accelerated soundness testing could be tackled from a 
fundamental viewpomt by a number of mvestigators workmg together 
in a large cooperative investigation and including, m addition to 
laboratory tests, thorough mspections of the service behavior of the 
materials themselves' I venture to say that in the course of a very 
few years, were such a cooperative investigation outlined and earned 
forth, we should have a far more defimte idea of the meaning of accel­
erated tests and the proper method of carrymg them out than exists 
at the present writing Mr Hanson, I feel is workmg along the right 
lines and it is to be hoped that his work will be continued so that addi­
tional data will be accumulated He is to be congratulated on the 
character of the results which he has obtained They are not extensive 
but, none the less, they seem to be mdicative and in agreement with 
one's good judgment Let me suggest that when the paper is pub­
lished it will be made even more valuable by the inclusion of all of the 
essential data 



REPORT OF COMMITTEE ON MAINTENANCE 
B C TiNEY, Chairman 

TREATMENT OF I C Y PAVEMENTS 

SYNOPSIS 

The reduction of traffic hazards caused by shppery roadways is 
one of the important problems demanding the attention of mainte­
nance engineers at the present time and it is essential that a solution 
be found The formation of ice on the pavement surfaces consti­
tutes one of the worst and most difficult conditions to combat It 
has been the practice of highway maintenance engineers of certain 
northern states to use calcium or sodium chloride for treatment of 
icy pavements These materials are usually added to sand or cinders 
and the mixture spread upon the travelled surface They serve to 
lower the freezing point and embed the abrasive particles in the ice, 
thus rendering the surface non-skid Considerable diversity of 
opinion, however, has existed concerning the most effective manner 
in which these chlorides should be used, whether or not they damage 
the surface of concrete pavements, and their relative ability to melt 
ice 

Progress reports of methods in practice for treatment of icy pave­
ments and investigations using concrete specimens of 28 days and 
SIX months of age have been presented in the Tenth, Eleventh and 
Twelfth Annual Proceedings of the Highway Research Board This 
report reviews the previous reports and presents the results of tests 
on concrete specimens one year of age, together with the recom­
mendations of the Committee 

For studying the values of calcium chloride and sodium chloride for 
the treatment of icy pavements a program of research on the following 
factors was outlined: 

(1) Meltmg power of calcium chloride and sodium chloride at various 
low temperatures 

(2) Minimum amount of each salt necessary to embed abrasive 
material in ice at various low temperatures 

(3) Effects of calcium chloride and sodium chloride on the surfaces 
of concretes subjected to repeated freezings and thawings 

(4) The value of pretreatment of the surface witli various coverings 
to protect the concrete from possible scalmg when these salts are used 
for thawing ice 

Research m accordance with the above outline was conducted by the 
State Highway Department of Michigan and by the Engmeer Depart­
ment of the District of Columbia 

Concrete blocks of approximately 100 square inches area were pre­
pared with raised edges so that solutions of chlorides could be held on 

330 



TREATMENT OF ICY PAVEMENTS 331 

the surface Series of different consistencies of concrete, of different 
degrees of finish, and of different ages, usmg various concentrations of 
solution at various degrees of low temperature were mcluded in the tests 

Cement mortar specimens (2x4 mch cylmders) were prepared in two 
consistencies and two fimshes. These cylmders were immersed to one-
half their depth m solutions of sodium and calcium chloride 

Both the block and cylmder specimens were subjected to 30 cycles of 
freezing and thawmg. 

In the report of the Michigan Department the data have been evalu­
ated and graphs presented which show the results of the tests Figures 
1 and 2 show clearly the relative effects of sodium and calcium chloride 
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Figure 1. Surface Condition Rating of Specimens at End of 28 Days 
ages of Three Application Rates. 

upon 28-day concrete of various consistencies and types of finish Fig­
ures 3 and 4 show this same companson, but on specunens six months of 
age, taken from the results reported by the Engineer Department of the 
District of Columbia Figure 5 shows the relative effects of these 
chlorides on concrete specimens one year of age; taken from Michigan 
Department investigation 

The program of tests carried out by the Engmeer Department of the 
District of Columbia mcluded some specimens covered with a 40 per 
cent solution of sodium sihcate and some covered with 85-100 penetra­
tion asphalt previous to the apphcation of the chloride solutions, as 
well as specimens having applications of various concentrations of 
chlorides and subjected to various temperatures Also specimens were 
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included on which was applied a calcium chloride solution of such con­
centration that freezing did not occur 

CONCLUSIONS 

The relative ice-melting power of the two chlorides constitutes a 
measure of their ability to embed sand In these tests sodium chloride 
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Figure 2 Surface Condition Rating of Specimens at End of 28 Days. Averages 

of Three Application Rates, Two Finishes, Two Consistencies 

had the greater melting power and therefore the greater potential sand 
embedment property at temperatures above approximately plus 10°F 
Between plus 10°r and minus 6 5°F the differences in melting power 
are slight Below minus 6 5°F , approxunately the eutectic pomt of 
sodium chloride, this salt has no melting or sand embedment power, 
whereas calcium chloride continues to be active down to its eutectic 
pomt, mmus 58 S'F. Table I shows the relative meltmg capacities of 
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Figure 3. Effects of Calcium Chloride and Sodium Chloride Treatments on 
Surface of Concrete. 

A. Four per cent calcium chloride on plain concrete (slight disintegration). 
B. Four per cent sodium chloride on plain concrete (marked disintegration). 
C. Eight per cent calcium chloride on plain concrete (slight disintegration). 
D. Eight per cent sodium chloride on plain concrete (slight disintegration). 

TABLE I 
COMPARISON OF MELTING CAPACITIES OF CALCIUM AND SODIUM CHLORIDE 

Laboratory Tests 

Temperature 
Deg. F. 

Pounds of Ice Melted Per Pound of Chemical 
Temperature 

Deg. F. 77-80 per cent Flake Calcium 
Chloride Pure Sodium Chloride 

- 3 0 ° F . 2.9 
-20 3.2 — 
-10 3.5 — 
- 6 . 5 3.7 3.2 

0 4.0 3.7 
5 4.4 4.1 

10 4.8 4.9 
15 5.5 6.3 
20 6.8 8.6 
25 10.4 14.4 
30 31.1 46.3 
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calcium and sodium cliloride at various temperatures obtained in these 
tests. 

Disintegration of concrete which may occur in connection with the 
treatment of icy pavements with chlorides, is not due to the action of tlie 
chlorides, but rather to the repeated freezing and thawing action pro­
duced by the treatment. 

Figure 4. Effects of Treatments with Chlorides and Boiling Water upon Con­
crete Surface. 

A. Twelve per cent calcium chloride on plain concrete (slight disintegration). 
B. Twelve per cent sodium chloride on plain concrete (slight disintegration). 
C. Thirty per cent calcium chloride on plain concrete (no disintegration). 
D. Block from which an ice coating (plain water) was removed by the applica­

tion of boiling water (slight disintegration). 

Both sodium and calcium chloride, applied to the surface of concrete, 
increase the pitting and scaling which may occur from repeated freezing 
and thawing. The use of sodium chloride is more detrimental than 
the use of calcium chloride. 

Mortar cylinders partially immersed in solutions of calcium and 
sodium chloride, and subjected to repeated freezing and thawing. 
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showed damage to the mortar bond The sodium chloride was more 
detrimental than the calcium chloride since the specimens immersed in 
solutions of the former developed large longitudinal cracks with minor 
spider-web cracks, and in many cases the entire cylmders disintegrated 
Cylinders unmersed in calcium chloride solutions developed only surface 
scalmg 

Coatmg of the concrete with oil, asphalt, or sodium sihcate previous to 
making the tests did not prove of value m protectmg the concrete 
against pitting or scalmg of the surface 

One of the most important factors controlhng the seventy of pittmg 
and scaling is the amount of chert, shale, or soft stone that exists near 
the surface of the concrete It is evident from a detailed study of the 
specunens that the presence of such material near the surface would 
almost invariably result in deep pittmg and removal of surface mortar 
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It should be noted that the results from these tests were due to 30 cycles 
of freezmg and thawmg and the solutions of chlorides were the maxunum 
amounts which might be used In practice, a considerable amount of 
the chloride would be absorbed or adsorbed by the abrasive and much 
of it would be dissipated by traffic Such results as are shown by these 
tests would be found only where concentrations of the solutions and 
abrasives were permitted to remam on the surface of the concrete and 
where conditions were such that repeated freezing and thawing would 
occur The tests do mdicate, however, the importance of the proper 
supervision and care which should be exercised in using this method of 
treatment of icy pavements 

Field observations of concrete pavements indicate that 
There are comparatively few cases where pavement scalmg can be 

attributed to the use of calcium chloride in the treatment of ice 
Many pavements where calcium chloride has been used over a 

period of years in the treatment of ice, show no indications of 
scaling. 
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The Committee believes that the importance of safeguarding life add 
property on icy pavements far outweighs the minor damage that may 
be done to the pavements 

RECOMMENDATIONS 

After careful consideration of the results of these investigations, the 
Committee makes the foUowmg recommendations — 

Use If the treatment is to be applied to cement concrete pavements, 
the use of calcium chloride is recommended. 

In the case of pavements other than cement concrete the Committee 
has had no information that either calcium or sodium chloride will pro­
mote dismtegration by freezmg and thawmg and therefore either of the 
chemicals may be used, exceptmg that calcium chloride is preferable at 
temperatures lower than 6 5°F below zero 

Abrasive Materials Cmders are preferable, although coarse sand may 
be used smce it is more generally available 

Preparation of Stock Piles In treating stock piles to prevent freezing, 
25 to 50 pounds of calcium chloride or sodium chloride for each cubic 
yard of abrasive should be spread over the piles either dry or in solution 

Application At the time of application, the material should be treated 
with an additional fifty pounds of flake calcium chloride or sodium 
chloride per cubic yard The treated abrasive should be applied at 
the rate of 1̂  to 2 pounds per square yard of pavement surface Me­
chanical spreadmg is preferable to hand work 

The use of either chemical, without abrasives, for the purpose of re­
moving ice IS not recommended for general practice, exceptmg m cities 
where abrasives tend to clog dramage systems In such cases it is 
desurable to remove the resultmg slush from the pavement 

There is defimte information that the presence of sand or cmders on 
xhe pavement surface, after the ice has melted, will cause damage to 
the pavement by grindmg action under the wheels of vehicles It is 
therefore important not to apply an excess of sand or cinders and to 
remove any accumulations of such abrasives from the bottoms of grades 
or other locations where they may collect 

DISCUSSION 

ON 

TREATMENT OF I C Y PAVEMENTS 

M R G A RAHN, Pennsylvania Highway Department The basic 
theory of embeddmg a gritty material m the ice, in order to provide 
tractive resistance for vehicular traffic, is sound 

I note that the report recommends the use of flake calcium chloride, 
and does not mention calcium chloride solutions All of our work in 
Permsylvama has been done by impregnating the cinders with a 35 
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per cent solution Due consideration was given to the various methods 
used with this material in conjunction with cmders, and m the final 
analysis it was felt that if the mdividual particles of the cmders could 
carry a certam portion of the salt, this would be much more efficient 
than a dry mixture of the flake and cmders, which at its best would 
tend to segregate 

Our method consists of pouring the 35 per cent solution over the 
cmder pile unmediately before use If a crust is formed this will dis­
integrate under the action of the solution The impregnated cmders 
are spread m a manner sundar to dry cmders This will form a mat 
upon the icy surface, and an immediate reaction is noted, the particles 
bemg embedded to a depth of to | mch, dependent on the density of 
the ice With untreated cinders it will require a patrol to spread them 
mormng and evenmg, whde the treated cmders remamed efficient for 
as many as 14 days It is estunated that this makes a savmg of be­
tween 65 and 70 per cent of the cost of cmdermg This method of 
treatment is not economical on ice which will only lay for a day or two, 
but IS economical m sections where the icy condition is continuous over 
a considerable length of tune 

Flake calcium chloride has been found economical in the removal of 
ice from gutters, and will lower the cost of this operation approximately 
50 per cent 

Economics also enters into this problem from the standpoint that 
cmders are difficult to obtam, due to the shutdown and curtailed oper­
ation of mdustnal plants at the present time Even prior to the tune 
which we are now passmg through, it was ofttunes difficult to obtain 
cmders in the quantity necessary to carry on this work I think we 
all agree that cmder is the ideal material to use, and m the search for 
a substitute the inherent quahties of this material should be kept m 
mmd In other words, my opmion is that the material should be black, 
gritty, and free from very fine particles. 

Black, from the psychological standpomt that this matenal can be 
seen by the motorist, and will be conducive to a feelmg of safety, which 
would be lackmg m a hght colored material I recall several mstances 
m Pennsylvania when we received reports that certam hills had not 
been cmdered Upon investigation we foimd a hght colored granulated 
slag had" been placed on the pavement, and due to its color it blended 
with the color of the ice, and m some cases had blown away This 
gives rise to another pomt, the material used should stay put A 
black material also absorbs heat, which aids m embeddmg the particle 
m the ice 

Ontty, from the standpomt that it will be more readily embedded, 
gives tractive resistance and is not so easily removed under the action 
of traffic, as rounded material 

Free from fines from the standpomt that an excess of fine material 
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will produce a greasy condition whicli will tend to increase skidding 
rather than prevent it 

The problem of making highways safe for traveling durmg all seasons 
of the year is one which cannot be passed by Winter travel, especially 
m the northern states, is hazardous at.its best We should lend our 
best efforts m reducing this hazard to a minimum 

D B C D L O O K E R , Internahonal Salt Company I beheve all of us 
agree that 30 cycles of freezmg, thawmg and drymg out on successive 
days is a condition which is much more severe than is ever encountered 
m actual practice The drymg out of a pavement after a sleet or snow 
storm IS a much slower process By the tune the ice has all melted 
and the road surface has dried, most of the chloride has been carried 
to the side of the road. 

Practically all of the reports of injury to concrete have referred to 
railroad switches and ice cream stands where large amounts of salt 
(Sodium Chloride) had been used If calcium chloride had been used 
m like manner, the report proves that the concrete would, also, have 
been mjured Sodium chloride is being used, correctly, either alone or 
m combmation with sand or cmders by highway departments, trans­
portation companies and cities without injury to concrete or other road 
surfaces. 

Low Temperatures In the Umted States, except perhaps m the ex­
treme north, there is very little occasion for treating pavements with 
sand or cmders which have been impregnated with chloride when the 
temperature is lower than mmus 6 degrees Fahrenheit Table 1 and 
calculations from published works (Comptes Rendus 148, 550, 1909 
and J Am Chem Soc 40, 1204, 1918) show that there is practically 
no difference in the meltmg power of sodium chloride and 77-80 per 
cent calcium chloride between 10 degrees F . and mmus 6 degrees F 

Neither chemical has appreciable sand embedment power at low 
temperatures As the temperature rises and the amount of traffic 
mcreases, sodium chloride will prove the more effective When the 
price of these two chemicals is considered, the savings are apparent 
when sodium chloride is used 

Preparation of Stock Piles In order to make a mixture equivalent 
to the 35 per cent calcium chloride solution which has been recom­
mended, dissolve 50 pounds of sodium chloride m 18 gallons of water 
This makes about 20 gallons of saturated brine Mix as much of this 
solution with the cmders as they will take up Spread 30 to 50 pounds 
of sodium chloride over each cubic yard of material before it is applied 
to the road at the rate of 1 5 to 2 pounds per square yard of surface 
Fme rock salt is best adapted to this purpose I t may be easily dis­
solved if suspended m water near the top of the container in an open 
mesh bag or a basket made of screen wire 
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For those who do not care to use cinders or sand, a very thin layer 
of sodium chlonde may be spread on the ice by means of a mechamcal 
spreader 

In the absence of field experiments to show that sodium chlonde, 
when properly used, will not injure cement concrete pavements more 
than calcium chloride, the use of sodium chloride wdl prove economical 
and efficient on the thousands of miles of asphalt, tar-bound macadam, 
water-bound macadam, brick and gravel roads to make them safe for 
traffic 

I t IS hoped that consideration will be given to the continuation of 
this research by some field work in which the effects of sodium chlonde 
on concrete, when properly applied, be observed under actual traffic 
and highway conditions 

R E P O R T OF SUBCOMMITTEE ON 
MAINTENANCE OF CONCRETE PAVEMENT 

CRACKS AND EXPANSION JOINTS 
W H R O O T , Stibcommiltce Chairman 

Maintenance Engineer, Iowa Highway Commission 

SYNOPSIS 

This report is a record of the conditions of application and results 
secured with various fillers on three experimental road sections in 
Iowa In 1931 five asphalts, three tars, one asphalt cut back and 
one asphalt emulsion were tried on one road In 1932 materials 
similar to the more successful asphalts and tars used in 1931 and a 
heavier cut back asphalt were used on two other roads 

The cut back and the emulsion used in 1931 gave some trouble in 
application and neither appeared to solidify rapidly enough to be 
considered satisfactory for use under traffic The heavier emulsion 
gave satisfaction although it was difficult to £U3ply 

The asphalts with penetration around 100 ar25°C and fairly soft 
tars with a float test around 112 gave good results 

The results of similar experiments in California and Connecticut 
are to be reported later 

In 1931 this subcommittee of the Maintenance Committee of the 
Highway Research Board presented a statement of the results which 
are desu-ed to be attamed by the mamtenance of expansion jomts and 
cracks in concrete pavements This statement was as follows* 

1 By the proper maintenance of cracks and jomts in concrete 
pavements we hope to prolong the life of such pavements by 
a Reducmg the spallmg and breakmg down of the concrete 

adjacent to the crack or jomt, and 
b Deferring the blowing up of the pavement, due to com­

pression failures and reducmg the number of such failures 
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In order to maintain the cracks and joints adequately we should 
have a matenal which will: 

a Penetrate the entire depth of the crack, 
b Remain in the crack for several seasons, 
c Be stiff enough that it will not flow from the crown to 

the sides of the pavement and yet not so stiff that it 
will form objectionable ridges when forced out of the 
crack by expansion, 

d Pour cold, and 
e Largely prevent surface water and foreign material from 

entering the crack 

T A B L E 1 
I D E N T I F I C A T I O N O F C R A C K F I L L E R S 

Research Project R-70, On Iowa Primary Road No 15 

Key Brand of Material ' Name of Producer 

Section A Asphalt Crack Fillers 

C Genasco Crack Filler Barber Asphalt Co 
D Genasco Block & Joint Filler Barber Asphalt Co 
Z — Carter-Waters Co 
G — The Texas Co 
H — Shell Petroleum Corp 

Section B Tar Crack Fillers 

A Tarmac Hot Patch Koppers Products Co 
B Tarmac Special Crack Filler Koppers Products Co 
F Barrett Special Pitch The Barrett Co 

Section C Asphalt Cut-Back 

I • Shell Petroleum Corp 

Section D Asphalt Emulsion 

E Colas Quick Breaking Emulsion The Flintkote Corp 

At the meetmg of the Mamtenance Committee it was decided that 
three independent experimental projects should be carried on, one by 
Mr Dennis in California, one by Mr Hamhn in Connecticut and one 
by Mr Root, chairman of the subcommittee, in Iowa The Con­
necticut and California experiments are not complete and this report 
deals entu-ely with the Iowa project 

In 1931 the Iowa Department chose Primary Road No 15 from Ames 
to the Hamilton county line for experimental study These 12 miles 
of road were constructed in 1931 with premolded fibre type expansion 
joints at intervals of 80 feet and at the time of the experiment no 
mamtenance of cracks or joints had been done. 
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For the purpose of this investigation one drum samples of five asphalt 
crack fillers, three tar crack fillers, one asphalt cut-back and one emul­
sion crack filler were available The identification of these materials 

T A B L E I I 

C H A R A C T E R I S T I C S O F A S P H A L T C K A C K F I L L E R S , S E R I E S O F 1931 

Specific 
Soften­

ing 
Penetration Loss on 

Heating Flash 
Total 

Bitumen Ductility 
at 25°C 

Cm 

Inor­
Key Lab No Gravity 

at 25°C 
Point 

(K&B) 
"C 

0°C 
200 Gm 
60 Sec 

25°G 
100 Gm 

S Sec 

5 Hrs @ 
I63°C 

% 

Point 
Deg F 

Soluble 
in CSi 

% 

Ductility 
at 25°C 

Cm 
ganic 
Aih 

% 

C B-462 1 118 46 29 91 0 4 460 87 2 1 0 0 + 9 9 
D B-463 1 204 52 12 43 0 2 450 74 0 80 20 9 
Z B-464 1 005 44 34 130 0 4 565 99 7 1 0 0 + 0 0 
G B-466 1 012 49 38 89 0 2 525 99 1 37 0 6 
H B-467 1 041 51 24 68 0 2 510 99 6 104 0 2 

T A B L E I I I 

C H A R A C T E R I S T I C S O F T A R C R A C K F I L L E R S , S E R I E S O P 1931 

Key Lab 
No 

Specific 
Gravity 

at 

Float 
Test 

Seconds 
Water 

% 

Distillation Percentage 
by Weight Total to Sp Gr 

of Dis­
tillate 0 

Soften­
ing Pt 
of Res­

idue 

Total 
Bitu­
men 

Soluble 

Inor­
ganic 
Ash 

26°C @50°C 

Water 
% 

170°C 270°C 300°C 
—30O°C (R&B) 

Deg C 
in CSi 

% 
% 

A T - U O 1 208 68 0 0 0 0 9 5 24 7 1 030 44 5 92 4 0 0 
B T - I U 1 232 1 8 0 0 + 0 0 0 0 0 6 2 2 — 67 78 5 1 05 
F T - 1 1 2 1 255 1 8 0 0 + 0 0 0 0 0 0 — — 76 67 2 1 62 

T A B L E I V 

C H A R A C T E R I S T I C S O F A S P H A L T C U T - B A C K C R A C K F I L L E R , S E R I E S O F 1931 

Key Lab 
No 

Water 
% 

Distillation Percentage 
by Volume Total to Flash 

Point 
Deg F 

Specific 
Viscosity 
(Engler) 

60 cc , 
80°C 

Penetration 
of Residue 
100 gm , 6 

Sec @25°C 

Total 
Bitumen 

in Residue 
Soluble m 
C S i - % 225°C 318°C 360-C 

Flash 
Point 

Deg F 

Specific 
Viscosity 
(Engler) 

60 cc , 
80°C 

Penetration 
of Residue 
100 gm , 6 

Sec @25°C 

Total 
Bitumen 

in Residue 
Soluble m 
C S i - % 

I B-468 Trace 0 0 22 5 30 0 190 63 7 Too Soft 99 0 

T A B L E V 

C H A R A C T E R I S T I C S O F A S P H A L T E M U L S I O N C R A C K ^ ^ I L L E R , S E R I E S O F 1931 

Key Lab No Asphalt Content 
Percent 

Penetration of Asphalt 
Residue 100 Gms , 

6 Sec @ 25-C 

E B - 4 6 5 57 0 120 

IS given m Table I The producer m each case furnished the material 
either from the producing plant or a company warehouse. 

Shortly after the arnval of each drum of material at Ames, a sample 
was removed and filed m the Highway Commission Laboratory for 
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testing The tests were performed after the completion of the field 
work, and the results are presented m Tables I I , I I I , I V and V 

A condensed record of the data recorded during the apphcation of 
the fillers appears in Table V I . 

T A B L E V I 
R E C O R D S O F A P P L I C A T I O N O F C R A C K F I L L E R S 

On Primary Road No 15, North of Ames, Iowa 
Construction Project No F-72B 

Date of 
Filling 

Killer 
Key 

Location 
Weather 

Temperature Record 
Deg F Heating 

Time 
Hours 

Applying 
Time 
Hours 

Date of 
Filling 

Killer 
Key 

From 
Station 

To 
Station 

Weather 
Air Pave­

ment Filler 

Heating 
Time 
Hours 

Applying 
Time 
Hours 

Asphalt 

11/25/31 C 133 146 Fair 31 5 35 5 410 6 0 1 5 
11/30/31 146 165 Cloudy 37 0 35 5 410 6 0 1 5 
11/30/31 187 196 Cloudy 37 0 35 5 410 
11/30/31 D 165 187 Cloudy 37 0 32 5 400 4 5 2 5 
11/25/31 Z 41 98 Fair 31 5 35 5 390 6 0 1 5 
11/30/31 G 196 233 Cloudy 34 0 32 5 430 3 0 1 5 
11/30/31 H 233 253 Cloudy 34 0 32 5 420 2 5 1 0 

Tar 

11/25/31 A 1 41 Fair 23 0 30 5 295 6 0 1 5 
11/25/31 B 98 133 Fair 31 5 35 5 400 2 0 1 5 
12/ 1/31 F 254 279 Fair 27 0 30 0 370 1 5 1 0 

Asphalt Cut-Back 

12/ 1/31 I At Station 280 Fair 29 0 31 0 120 0 5 0 5 

Asphalt Emulsion 

12/ 1/31 E At Station 282 Fair 34 0 37 0 — — 0 5 

PREPAJIATION AND H A N D L I N G O F M A T E R I A L 

The materials, exceptmg the asphalt emulsion, were prepared for 
use by heating m a small, portable, gas-heated kettle having a capacity 
of about one and one-haK drums Each material was heated to the 
temperature at which it would readily flow from the pouring pots 
which were of the cone-shaped variety with bottom discharge For 
the asphalts a temperature in the neighborhood of 400°F was found 
high enough in most cases to cause the desired liquidity Temperatures 
for the tars were generally somewhat lower than that The asphalt 
cut-back could be heated safely to but little more than 120°F , at which 
temperature it was in condition to pour satisfactorily The asphalt 
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emulsion flowed satisfactorily without heating, although its temper­
ature was only slightly above that of the air or pavement 

In Table I V , the temperature required to produce the optimum 
hquidity has been recorded for each material Record was also made 
of the tune requu-ed for heatmg each charge The values varied princi­
pally on account of the differences in the sizes of the charges introduced 
into the kettle at the begmnmg of the meltmg The values shown for 
heatmg tune are shght mdication of the resistance of the material to 
melting 

Satisfactory consistency for pourmg was maintained throughout the 
entire charge of each matenal at the temperatures recorded, except 
that for asphalts C and D , which became steadily thicker in spite of 
the stirring given at frequent mtervals dunng the heating and using 
of the batch. Slight mcreases of temperature offered but little remedy 
for this situation, which is beheved to be due to the gradual segregation 
of the mmeral matter contamed m these two fillers Some form of 
mechanical agitatio;i would be necessary to keep this matenal m sus­
pension at the temperatures requured for pourmg these asphalts in 
cold weather. 

B E H A V I O R O F F I L L E R S I M M E D I A T E L Y A F T E R P L A C I N G 

The hot material, when introduced mto the cold crack, sometimes 
sputtered and boiled violently due to the presence of ice, ice particles, 
small pieces of frozen earth, or free water This action was usually of 
httle consequence. Sometimes a small amount of frothy asphalt would 
overflow onto the pavement surface The subsidence of the material 
in the crack would then, m most cases, requu:e the addition of more 
material to fill the crack The cold pavement soon cooled the material 
in the crack and the small amount unavoidably spilled on the edges 
in pourmg. 

Durmg the appUcation of all of these fillers the road was kept open 
to traffic The action of the freshly placed fiUer under traffic was 
noted for each matenal. Without exception, the asphalts and tars 
behaved satisfactordy, in that they were unaffected by the traffic 
None of these materials were picked up by the tires of cars or trucks, 
even immediately after they were poured. 

The asphalt cut-back, however, was picked up extensively by the 
tu"es of passmg cars; also it whipped out in strmgs and spattered the 
cars This matenal could be used only m case a rather heavy sanding 
was given the crack immediately after pourmg This was tried and 
found to be a successful method of appbcation, but of necessity a much 
slower process than that for fillers which could be used without sanding 

The asphalt emulsion behaved smularly, except that it spattered 
more than the cut-back, and failed to respond satisfactorily to the 
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sand treatment Neither the cut-back nor the emulsion appeared to 
solidify rapidly enough to be considered satisfactory crack fillers for 
use under traffic 

These materials were observed frequently througli the winter of 
1931-1932 and a thorough inspection was made early in the summer of 
1932 Tar A gave satisfactory results Tars B and F were too hard 

T A B L E V I I 
I D E N T I F I C A T I O N O F C R A C K F I L L E R S 

Research Project R-70 
On Primary Road No 14, Marshall County 

Item Section A 
Asphalt 

Section B 
Tar 

Section C 
Asphalt Cut-Back 

Key J K L 
Brand of Material Iowa State High­ Tarmac Iowa State High­

way Specifica­ way Specifica­
tion tion 

Name of Producer Pioneer Asphalt Koppers Prod Standard Oil Co 
Co Co 

T A B L E V I I I 

C H A R A C T E R I S T I C S O F A S P H A L T C R A C K F I L L E R S , S E R I E S O F 1932 

Key Lab 
No 

Specific 
Gravity 
at 25°C 

Soften­
ing 

Point 
( R & B ) 
Deg C 

Penetration Loss on 
Heating 

6 Hrs @ 
163°C 

% 

Flash 
Point 

Deg F 

Total 
Bitumen 
Soluble 
in CSs 

% 

Ductility 
ut 25°C 

Cm 

Inor­
ganic 
Ash 

% 
Key Lab 

No 
Specific 
Gravity 
at 25°C 

Soften­
ing 

Point 
( R & B ) 
Deg C 

0"C 
200 Gm 
00 Sec 

25°C 
100 Gm 

5 Sec 

Loss on 
Heating 

6 Hrs @ 
163°C 

% 

Flash 
Point 

Deg F 

Total 
Bitumen 
Soluble 
in CSs 

% 

Ductility 
ut 25°C 

Cm 

Inor­
ganic 
Ash 

% 

,1 B-703 1 013 48 33 98 0 2 510 99 8 100+ — 

T A B L E I X 
C H A R A C T E R I S T I C S O F T A R C R A C K F I L L E R S , S E R I E S O F 1932 

Key Lab 
No 

Specific 
Gravity 

at 
25°C 

Float 
Test 

Seconds 
@&0'C 

Water 
% 

Distillation Percent by 
Weight Total to 

bp Or 
of Dis­
tillate 

0— 
300°C 

Soften­
ing Pt 
of Re­
sidue 

R & B 
Deg C 

Total 
Bitu­
men 

Soluble 
in CS2 

% 

Inor­
ganic 
Ash 

% 
Key Lab 

No 

Specific 
Gravity 

at 
25°C 

Float 
Test 

Seconds 
@&0'C 

Water 
% 

170°C 270°C 300°C 

bp Or 
of Dis­
tillate 

0— 
300°C 

Soften­
ing Pt 
of Re­
sidue 

R & B 
Deg C 

Total 
Bitu­
men 

Soluble 
in CS2 

% 

Inor­
ganic 
Ash 

% 

K T-189 1 216 112 Nil 0 0 5 7 12 5 1 037 53 87 0 — 

and were unsatisfactory Asphalt Z was satisfactory. Asphalts C , D , 
G and H seemed to lack adhesive qualities and were unsatisfactory 
Asphalt cut-back I and asphalt emulsion E were entirely unsatisfactory 

In 1932 it was decided that this experunent should be earned further 
usmg an asphalt of the general characteristics of the 1931 Z asphalt 
and tar of the general characteristics of the 1931 A tar I t was, also, 
decided that a heavier cut-back asphalt would be used m this experi-
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C H A R A C T E R I S T I C S O F A S P H A L T C U T - B A C K C R A C K F I L L E R S , S E R I E S O F 1932 

Key Lab 
No 

Water 
% 

Distillation Percent by 
Volume Total to Flash 

Deg F 

Specific 
Viscosity 
(Engler) 

90 cc , 
60°C 

Penetration 
of Residue 
100 Gm , 
5 Sec @ 

25°C 

Total 
Bitumen 

in Residue 
Soluble in 
CS. - % 

Key Lab 
No 

Water 
% 

225°C 315°C 360°C 

Flash 
Deg F 

Specific 
Viscosity 
(Engler) 

90 cc , 
60°C 

Penetration 
of Residue 
100 Gm , 
5 Sec @ 

25°C 

Total 
Bitumen 

in Residue 
Soluble in 
CS. - % 

L B-704 Nil 11 0 20 0 77 5 80 90 82 99 8 

T A B L E - X I 

R E C O R D S O F A P P L I C A T I O N O F C R A C K F I L L E R S O N P R I M A R Y R O A D N O 14 N O R T H O F 
M A R S H A L L T O W N , I O W A , A N D O N P R I M A R Y R O A D N O 169, W E S T A N D N O R T H 

O F O Q D E N , I O W A 

Material | Asphalt 
J 

Tar 
K 

Asphalt Cut-Back 

Run Number 1 4 3 6 2 5 
Location 

From Station 3 4 1 + 4 2 341+42 2 5 5 + 4 5 80+40 3 1 5 + 1 5 4 9 2 + 3 2 
To Station 3 1 5 + 1 5 429+32 2 1 8 + 5 0 123+00 2 5 5 + 4 5 4 3 9 + 0 0 

Date of Filling 11/21 /32 11/21/32 11/23/32 11/28/32 11/21/32 11/23/32 

Weather | Fair Fair Cloudy Fair Fair Cloudy Weather | 
Quiet Quiet Windy Windy Quiet Windy 

Temperature of Air, 
Deg F 15-26 22-32 27-28 27-32 28-32 26 

Temperature of Pavement, 
Deg F 15-30 31-33 30 25-26 33 30 

Temperature of Filler, 
Deg F 350-400 250-365 210-260 225 120-150 140 

Heating Time, Hours 3 0 2 50 0 5 0 75 5 5 0 5 
Applying Time, Hours 1 5 2 75 1 5 2 00 3 0 1 0 
Number of Cracks Filled 34 147 49 76 83 16 
Thickness of Expansion 

Joint, Inches 1 0 0 75 1 0 0 75 1 0 0 75 
Spacing of Joints, Feet 80 60 80 60 80 60 

Quantity of Filler Used, 
Lbs 400 400 525 525 428 65 

Length of Section, Miles 0 497 1 665 0 700 0 807 1 130 0 183 
Quantity of Filler per Mile, 

Lbs 805 240 750 651 379 355 

Notes 
1 Runs No 1 to 5, inclusive, were on Road No 14, and Run No 6 was on 

Road No 169 
2 Cracks at joints in Run No 1 appeared to be generally a little more open 

than the others having one inch joint material 
3 Cracks at joints m Run No 4 were somewhat smaller than those of the 

other runs for this thickness of joint material '•• 
4 Runs Nos 1, 2 and 3 were on limestone concrete, and Nos 4, 5 and 6 on 

gravel concrete 
5 All pavement cured during construction with 24 hours of wet burlap, 

followed by asphalt emulsion coating, which was in turn coated with 
white-wash 

345 
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ment A newly constructed pavement on Road No. 14 north of Mar-
shalltown was chosen, also, a section of Road No 169 west and north 
of Ogden These pavements were constructed m 1932, some with one 
inch joints spaced at 80 foot intervals and some with f mch joints 
spaced at 60 foot intervals This information is shown m Table X I 
In this expenment the joints which had opened were filled and also 
all cracks which had formed between the jomts were filled Table V I I 
shows the identification of the crack fillers used. Tables V I I I , I X , and 
X the characteristics of the materials and Table X I general information 
The tar and asphalt were applied in the same manner as described in 
the 1931 experiment 

The asphalt cut-back used m the series of 1932 does not appear to 
flow freely at any temperature to which it is safe to heat it m open 
kettles With care it may be handled at temperatures between 120 
and 140°F. However, as it has a flash pomt of SO'F , great care must 
be used to prevent fire It flows sluggishly into the crack and frequently 
shows considerable settlement m cracks that were full when poured 
It sticks to wheels of passmg traflBc slightly when warm, but does not 
appear to adhere to them after cooling I t sticks fairly well to con­
crete, and remams soft at 30''F when freshly placed 

A year f after the apphcation of these materials a careful mspection 
of the roads was made and all three seemed to have given good satis­
faction although it will be noted from the above that the asphalt cut­
back was very difficult to apply 

CONCLUSIONS 

From these experiments it appears that asphalt of the general char­
acter used in the 1932 experiment with a penetration of about 100 at 
25°C or fairly soft tar with a float test of about 112 makes satisfactory 
crack fillers. We are almost convmced, however, that the filling of 
openmgs adjacent to premolded expansion jomts is a waste of material 
This filler, together with a considerable portion of the expansion joint 
material, is forced out of the crack by the expansion of the pavement 
durmg the first warm days m the spring and we have found it necessary 
to cut this excess matenal from the surface of the pavement with a 
motor grader As long as there is a fair thickness of expansion joint 
matenal in the joint we believe that foreign particles entenng the crack 
along the side of the joint will not cause spalling but will be embedded 
in the expansion joint material 
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D I S C U S S I O N 

ON 

M A I N T E N A N C E O F C R A C K S A N D J O I N T S 

M R B F R E I B E R G , Laclede Steel Co Has any research been done m 
Iowa to find out whether matenal comes up mto the crack and expan­
sion jomt from below or whether it comes primarily from the top^ In 
other words, when we attempt to seal expansion or contraction jomts, 
IS it more necessary to seal them from below or from the top' 

M R R O O T : We have never made any experiments along that line 

C H A I R M A N L A N G : I take it from Mr Root's paper what he has in 
mind IS spallmg—that the filling of the crack has not been of any 
particular aid m preventmg spallmg A number of states are having 
trouble with what they call high joints, which appears to be due in 
some places to water gettmg into the joints causmg swelling of the soil 
and in other places it is a distinct formation of ice crystals or layers 



REPORT OF C O M M I T T E E ON T R A F F I C 
W A V A N D U Z E B , Chairman 

Director of Vehicles and Traffic, District of Columbia 

M O T O R V E H I C L E A C C I D E N T S AS R E F L E C T E D B Y P S Y ­
C H O L O G I C A L T E S T S A N D R E A C T I O N M E T E R 

B Y W A V A N D D Z E B 

S Y N O P S I S 

Accident records show that the majority of traffic accidents are 
caused by a small percentage of the drivers It is desirable to devise 
some method to determine what drivers are likely to have accidents 
Applicants for drivers' licenses in Washington are required to answer 
orally a number of questions concerning the regulations Recently, 
some 200 applicants were given an additional written psychological ' 
test consisting of twenty-four questions and a reaction time test 
The applicants were graded and their ratings have been compared 
with their accident records with indications that it can be forecast 
which drivers will have the worst accident records It is recom­
mended that applicants for licenses be given a written psychological 
test, a physical examination, a driving test, and, if it can be devised 
a test to measure emotional stability 

There are 27 States, includmg the District of Columbia, which compel 
motor vehicle operators to have a hcense This means that 22 States 
do not requu-e a driver's permit Some States require written exami­
nation, others wntten and oral, some oral and some no examination 
at all The majority of States, however, require a dnver's test The 
minimum age limit is 12 years, m South Carolma, and several States 
have 14, 15 and 16 years The methods of examimng the drivers and 
the questions asked are almost as numerous as the number of States 
listed 

Opimons as the requirements of a safe operator are plentiful, but the 
actual measurement of the applicant's ability for the operation of a 
motor vehicle is very madequate The majority of the States have 
only two points m common—that is, they are all insufficient and un-
rehable I t seems to me that if drivmg abihty really exists it can be 
measured and tests prepared that will obtam this measurement 

A motor vehicle admimstrator has only one desire and that is to keep 
reckless and accident-prone drivers from operatmg motor vehicles 
This can be done by education A large proportion of all accidents is 
caused by a group of drivers composed of a relatively small percentage 
of the total number Therefore, the first concern of those in charge 
of motor vehicle operation should be the detection and the ehmination 
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of these mcompetent drivers before, and not after, they obtain their 
driver's permits 

The highway engineer has contributed much m makmg the streets 
and highways safe for vehicles operated m a reasonable and safe manner 
He has ehmmated the more dangerous curves, widened and super-
elevated curves on highways m rural districts, widened streets in urban 
sections, reduced grade crossings, and has generally increased road 
capacity 

The automotive engmeer has likewise contributed to making our 
streets and highways safe Most cars are now equipped with four-
wheel brakes, safety glass, steel frames, balloon tures and tire treads 
that practically ehmmate old-fashioned skid chains There has been 
improvement m lightmg durmg the past few years, but the lights in 
use leave a great deal yet to be desired We beheve also'that much 
can yet be done by both the highway and the automotive engineer 
toward makmg the vehicle and the road safe for motor vehicle 
operation 

Approximately 75 per cent of automobile accidents are attributed 
to the dnvers We think human engmeers—if we may use that term— 
should now contribute m a greater measure toward the reduction of 
accidents. Motor vehicle admmistrators must, with the help of the 
legislatures if necessary, put mto effect laws and regulations which will 
eluninate the mcompetent drivers by education, if possible, or exami­
nations which will restrict the mcompetent or careless operator 

The District of Columbia has about the average system for hcensmg 
drivers, but we reahze that we are not puttmg mto effect the restrictions 
on the issuance of operator's licenses that it is possible to make 

With this thought m mmd we had all the apphcants for drivers' 
permits on May 18th, 19th and 20th, of 1933, take a short written 
test to see if a test of this type would show any correlation with 
traffic violations We made this experiment in an effort to find out if 
a short, written psychological test would help m pickmg out the good 
driver from the score he had made m the test While it may be a little 
early to make any predictions the results seem gratifymg 

We gave the test to 300 persons on the days mentioned, but our study 
IS based on the 210 of them who got then: permits to drive The rest 
never received their permits This shows that our group was a selected 
one to begm with. 

The test itself is composed of three parts. Part I has twenty-four 
True-False questions deahng with driving situations. Part I I has five 
completion questions dealmg with the dnvmg regulations. Part I I I 
has mne multiple choice questions, designed to test drivmg judgment 

In order to check their records we put the drivers' permit numbers, 
along with their test scores m the files at the Traffic Bureau A check 
was made after three months and another at six months Oddly enough 



350 HIGHWAY RESEARCH BOARD 

the number of applicants who were arrested in the three-month period 
just about doubled when the''six-month period was checked, and two 
persons got one violation in each period 

Out of the 210 persons tested and checked, 26 were found to have 
records at the end of the six-month period Seven persons had two 
violations and two persons had three violations Only six apphcants 
out of the 26 who had violations were above the average score and only 
two of the SIX had scores above 75 per cent 

Looking at the test from a statistical standpomt we found we had a 
range of scores from six, as the lowest, to 48, as the highest, with the 
average at 36 The average was a little higher than we expected, but 
we believe it is due to the selection, since we took only the scores of 
the successful apphcants We had eliminated about 40 per cent who 
did not get their permits, tlierefore, we might expect the average to be 
a little higher than it would have been liad we based it on the total 
number who applied 

While it is recognized that a test of tins type would have to be put 
in alternate forms, say four or five, and the forms would have to be 
worked out on a much larger number of cases, it does seem like a step 
in the right direction 

I t IS generally agreed that an actual operating test is essential to 
determme the ability of the apphcant to drive a car, and this should 
be more than merely driving around the block and parking the car 
The time has come when we must realize that driving an automobile 
is a privilege and not a right, and the sooner we become more strict 
in the hcensmg of our drivers the better 

In closmg I recommend the foUowmg for the licensing of drivers. 
(1) A written psychological test 
(2) A physical exammation of applicants and a periodic one of 

dnvers in the future 
(3) An eye test with color and peripheral test 
(4) An actual driving demonstration 
(5) Some test for measuring the emotional stability of the 

individual 
Mr Roy Brown, of the Firestone Rubber Company, has built a 

machme which measures in one hundredths of a second, first, the tune 
elapsmg from the instant a light appears to the tune that the applicant 
removes his foot from the pedal corresponding to the accelerator and 
second, the tune from the mstant that a hght flashes that he takes to 
move his foot from the pedal correspondmg to the accelerator to the 
pedal correspondmg to the brake and to start the application of the 
brake 

This machme has been used by the Psychological Laboratory at 
George Washmgton Umversity and also by the Department of Vehicles 
and Traffic of the District of Columbia The Department of Vehicles 
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and Traffic gave some 300 subjects this test, but sufficient tune has 
not elapsed to make a thorough analysis of the data However, a 
hurried mspection mdicates the foUowmg 

1 The average reaction time under No 1—that is, the tune elapsmg 
from the instant the hght goes on to the tune the applicant takes his 
foot off the accelerator—is about 0 1 per second Under No 2, or the 
tune elapsmg from the instant the hght goes on and the applicant takes 
his foot off the accelerator and starts to apply the brake it is about 
0 2 of a second 

2 Withm certam limits (16 to 55) chronological age is not very 
closely related to reaction tune. At the upper end of the age scale, 
however, Dr Walter R Miles, Professor of Psychology, Yale Umversity, 
has made tests which seem to mdicate that the reaction tune slows 
up considerably. 

Unquestionably the reaction of the subject from the tune he is given 
a signal to the tune the brake is applied is a factor m an mcrease or 
reduction of motor vehicle accidents If a motor vehicle is gomg at a 
rate of 40 miles an hour and the reaction is 0 3 of a second longer than 
it should be a car will move approxunately 20 feet during this period 
This may be sufficient to cause a serious accident 

N O T E S O N T R A F F I C S P E E D S 

B Y A N J O H N S O N 

Dean, College of Engineering, University of Maryland 

SYNOPSIS 

During the summer of 1933 the Maryland State Roads Com­
mission in cooperation with the University of Maryland carried on 
a highway traffic speed survey to obtain comprehensive knowledge 
of the way traffic actually uses the state highways 

The speed of traffic was observed at about 50 of the regular traffic 
census stations which the State Roads Commission has used for 
many years 

At each point two observers counted and measured the speed of 
traffic from 9 A M until 4 P M This was done by the use of the 
Eno Foundation speed detector as devised by Professor C J Tilden 
of Yale University About 500 vehicles were timed in each direction 
at each station 

The average speed as observed from 41,000 vehicles was 35 5 miles 
per hour, with 87 per cent of all the traffic within 45 miles per hour 
and 99 per cent within 55 miles per hour and with only an occasional 
vehicle moving over 65 miles per hour 

The percentage of various rate of speeds was 
8 per cent between 15-25 miles per hour 

36 per cent between 25-35 miles per hour 
43 per cent between 35-45 miles per hour 
12 per cent between 45-55 miles per hour 
1 per cent between 55-65 miles per hour 
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During the summer of 1933, there was undertaken by the Maryland 
State Roads Commission, m cooperation with the Umversity of Mary­
land, a traffic speed census. The object was to ascertam the speeds 
at which highway traffic moves over the state highways 

For this purpose, traffic speeds were observed at 54 stations, as shown 
on the sketch m Figure 1 At each point selected, which corresponded 
to some regular traffic census station, two observers measured speeds 
from 9 A M until 4 P M One observer counted the traffic, divided 
as to du-ection, while the other observed the speed It was the plan 
to measure the speed of 1000 vehicles, 500 in each direction at each 
station At a number of stations, however, the traffic proved to be 
insufficient to make 1000 observations m the tune available 

LOCATION 
O F 

T R A F F I C S P E E D S T A T I O N S 

O N 

M/^RYLAND S T A T E HIGHWATTS 

1933 

Fig. 1 

The method of measurmg the speed was by the aid of an Eno Speed 
Detector, as developed by Professor C J Tilden of Yale University 
It IS a very simple device which consists of a box with two sides open 
On the diagonal plane is placed a mirror The observer stands 176 feet 
from the mirror, which is placed so that objects movmg along the road 
will be reflected to the observer's eye He notes the tune on a stop 
watch as a vehicle goes by him and agam as it is flashed in the muror 
Thus, if this time is two secondj, it indicates a speed of 60 miles per 
hour, three seconds, a speed of 40 miles, and so on 

This method of determinmg the speed of vehicles was checked several 
times by comparmg the speed thus recorded with that indicated by state 
police on their speedometers No practical difference was observed 

I t was possible to carry on this work without attracting undue at­
tention of motonsts, in fact, but few of the drivers noticed it at all, 
and those that did had slowed up after the speed had been observed 
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The highest average speed for any of the 54 stations was 47 miles 
per hour, with an average of 49 miles per hour for the east bound traffic, 
and 45 miles per hour for the west bound traffic This was on the Elk-
ton-Glasgow Road, Route U S 40 There were six stations at which 
the average speed observed was over 40 miles per hour 

The majority of the stations occupied for observing speed were in 
the zone where the legal limit is 40 miles per hour, the average speed 
m this zone being 37 miles per hour (See Figure 2, also Table I ) 

A few stations were occupied m more restricted zones In the 35-
mile zones, the average speed observed was 33 miles per hour 

In the 25-mile zone, where traffic was observed at four stations, the 
average speed was 34 miles per hour 

I /^i/eroge S7 MPH 

9 9 9 9 9 9 9 9 " V 9 - 9 Y ' 9-9-9-9-9-9 

Figure 2 Range of Average Traffic Speed at Various Stations in 40 m p h 
Zone on the Maryland State Highway System Each speed Is the result of several 
hundred observations See Table 1. 

The following table shows the distribution of traffic accordmg to speed 
in the 40-mile zone 

10 per cent of all the traffic was within 15-25 miles per hour 
32 per cent of all the traffic was within 25-35 miles per hour 
45 per cent of all the traffic was within 35-45 miles per hour 
11 per cent of all the traffic was within 45-55 miles per hour 
2 per cent of all the traffic was within 55-65 miles per hour 

It is seen that 87 per cent of the traffic was under 45 miles per hour, 
and but two per cent was over 55 miles per hour 

Of the 52,704 cars timed, there were only 90 travehng faster than 
60 miles per hour, divided as follows: 

19 cars at 63 miles per hour 
55 cars at 66 miles per hour 
5 cars at 70 miles per hour 

10 cars at 75 miles per hour 
1 car at 80 miles per hour 
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The car traveling at 80 miles per hour was on the Elkton-Glasgow 
Road, two miles east of Elkton 

On three roads it happened that coimts were taken on the same day 
as the county fairs and the speed records show th^t the cars travelmg 
towards these events were gomg at a much higher rate of speed than 
the cars gomg m the opposite direction 

Thus, at station AA-5 on the Cram Highway, the average speed of 
the traffic durmg the rush to the races was 48 miles per hour, while 
the speed of traffic in the opposite direction was but 39 miles per 
hour 

In all, of the 52,704 vehicles that were timed, 45,348 were at stations 
withm the 40-mile zone, and the remamder were in the lower speed 
zones 

From the results obtamed, i t appears that 40 to 45 miles per hour 
I S a reasonable regulation, which is observed by the large majority of 
drivers in all parts of the state The drivmg public on our highways 
I S content- for the most part to jog along at a moderate rate of 
speed 

-fO 37 30 14 13 IZ II 20 /B 17 /6 

Figure 3. Relation Between Width of Pavement and Speed of Traffic 

The relation that the width of pavement has upon speed of traffic 
was studied but without convincmg results 

For this purpose the data were assembled in Figure 3 showing the 
average speed at the different stations, arranged according to width 
of road 

In this figure, each of the ordmates represents the mean of obser­
vations taken at a single station, averaging about one thousand vehicles 
per station I t will be noted that the average for each of the dif­
ferent widths is not far from the same value, about 35 or 36 miles per 
hour 

One thing that is notable is that the 18, 17 and 16-foot widths, while 
mamtammg the same average speed as the wider widths of roadway, 
do not show as great a vanation I t is evident that more data than 
are here presented will be required to determine definitely what effect 
the width of the roadway has upon the speed of traffic 
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DISCUSSION 

ON 

HIGHWAY TRAFFIC SPEEDS 

CAPTAIN L . A. LYON, Deputy Superintendent, Uniform Division, 
Department of Public Safety, Michigan: This Department has recently 
completed a survey of the speeds at which motor vehicles are being 
driven on the Michigan highways. This survey was made by all of 
the officers of the Department while on their regular patrols, either 
with motorcycle or patrol car. The checks were made on all types of 
highways and under various weather conditions, from the congested 
area around Detroit to the lonesome trails of the far north. 

The officers were instructed to pace the first ten vehicles they could 
on the various types of roads each day for two weeks. Thus, they did 
not pick out passenger cars or high speed vehicles. They were also 
instructed to make the check without the knowledge of the driver of 
the vehicle, if possible. 

Cars were checked under the following conditions: 

47 per cent during daylight. 
53 per cent during darkness. 
16 per cent during rain or on wet roads. 
10 per cent on gravel roads, and the balance on various types of hard sur­

faced roads, mostly concrete. 

The percentages of the vehicles traveling at the various speeds were 
as follows: 

25 miles per hour and under 5 
30 miles per hour 9.7 
35 miles per hour 12.6 
40 miles per hour. 20 
45 miles per hour 17.9 
50 miles per hour 16.6 
55 miles per hour 8.6 
60 miles per hour and over 9.6 

Little difference in average speed can be noted as between wet and 
dry roads. 

On paved highways the average speeds were: during daylight, 43.3 
miles per hour; during darkness, 41.5 miles per hour. 

Two per cent of all vehicles checked on pavements in daylight hours 
were trucks; 1.5 per cent during night hours were trucks. 

On gravel highways the average speeds were: during daylight 39.8 
miles per hour; during darkness 34.0 miles per hour. 

On gravel roads 4.5 per cent of all vehicles checked in daylight hours 
were trucks; during darkness 3.7 per cent were trucks. 

Sixteen per cent of all cars checked were of foreign registration and 
were probably through traffic, and nearly all on pavement. The aver-
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age speeds were dunng daylight, 48 1 miles per hour, during darkness, 
47 2 miles per hour. 

The cars that were apparently from some other part of the state and 
could be classed as through traflSc constituted 22 7 per cent The 
average speeds were: during dayhght, 48 3 miles per hour; during dark­
ness, 48 miles per hour. 

We find that the average speed of all vehicles checked on all types of 
highways and under all weather conditions is 43 7 miles per hour 

The above data are all we can obtam from the reports as submitted 
With this experience we expect to make a more detailed survey in the 
commg year, and would like suggestions as to data that should be 
included 

The results of the survey seem to mdicate that 45 miles per hour is 
a good average speed, and that a regulation declaring speeds in excess 
of that figure to be prima facie evidence of unreasonable speed would 
be in order 

ALCOHOL AND MOTOR VEHICLE DRIVERS 

By D B W R M I L E S 

Yale Institute of Human Relations 

SYNOPSIS 

A man may keep his car right side up and on the road when he is 
too intoxicated to walk but this fact is not reassuring to others on the 
highway Although beverage alcohol appears to give subjective 
stimulant action to a person, its real effect is a depressant action on 
most of the functions of body and mind The alcohol effect which 
interferes with driving ability is fourfold. (1) A poorer grade of 
attention to external signals and environment, (2) Slower responses 
of eyes, hands and feet, (3) Less dependable, that is more variable, 
muscular responses, (4) Increased self assurance which prompts to 
the assumption of right-of-way and willingness to take a chance 
Although alcohol is directly mentioned in only 7 to 10 per cent of 
fatal highway traffic accidents, it is the belief of informed traffic 
officials that one-third of such accidents are at least partly charge­
able to use of alcohol by the driver OfiScials need a method to 
definitely determine whether a driver is intoxicated as a basis for 
court action Determination of percentage of alcohol m the blood 
or urine by biochemical means is a feasible undertaking This 
method should be tried out in some representative areas to secure 
scientific data in this controversial field 

The motor car of today is a splendid mechamsm, comfortable, respon­
sive and powerful, a truly marvelous extension of the human personality 
but it can not drive itself, society counts on its bemg used by responsible 
people who have reached and are mamtammg the human adult level 
of understandmg and emotional balance A large army of engmeers 
is continually at work improvmg the automobile m all possible ways 
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consistent with reasonable economy: for example in givmg it greater 
pickup and speed plus effective traction and brakes Another army 
IS equally energetic and effective m providmg roads and highways 
suitable m special pattern and m surface characteristics for motor 
traffic The human factor is the thu-d dunension m this picture and 
it 18 the most difficult one to treat successfully The third army, 
therefore, needs to be and is the largest of the three I t has been 
relatively slow m mobihzmg and has found difficulty m analyzing its 
field and orgamzmg its program The task of the human engmeer is 
comparable to that of the automotive engineer or the highway engineer, 
for in the last analysis, he is mterested m desigmng, constructing, test­
ing, remodelhng, etc but here the materials worked upon are human 
habits, psychological attitudes, economic stresses, and social customs 
Withm this special field of human engmeermg, traffic accidents and 
fatalities constitute the all too hteral "break-down-test" from which 
crucial facts applicable to general practise are derived And within 
the traffic accident division of the field falls the subject of alcohol 
intoxication, or to speak more generally, accident-proneness followmg 
upon the dnnkmg of alcohohc beverages 

Many of the members of this conference are no doubt famihar with 
alcohol accident statistics as published and know that m recent years 
approximately 20 to 40 per cent of cases where drivers hcenses have 
been suspended or revoked the charge has been intoxication (34) ' 
Although alcohol is directly mentioned m only 7 to 10 per cent of our 
fatal highway traffic accidents, i t appears to be the belief of traffic 
commissioners (56) and other informed mdividuals that probably a 
fourth to a third of our automobde accidents are at least partly charge­
able to alcohol use by the drivers Alcohol statistics at present avail­
able are necessarily understatements especially for two reasons In 
the first place on both the legal and the medical sides it has been diffi­
cult to arrive at satisfactory defimtions of intoxication (2) (33) A 
moderate impairment of performance due to the effect of alcohol on 
the nervous system is ncJt always qualitatively different from the impair­
ment which may come with fatigue, the loss of sleep, illness, or at times 
from a period of prolonged inattention The relative similarity of 
behavior mismanagement from different causes (some of them quite 
usual ones) has tended to draw the Ime defimng actual "intoxication" 
near the extreme pathological side, thus omitting generally from the 
group all except the most flagrant cases This minimizes the total 
statistical unport of the alcohol factor as far as the pohce records are 
concerned, and it is from these that the alcohol traffic figures are drawn 
at present In the second place, society has been more ready to wink 
sympathetically at the drinker than to scowl disapprovingly at him 

' Numbers in parenthesis refer to bibliography at end 
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and IS mclmed when he has a motor vehicle accident to bring a charge 
of "careless drivmg," thus sparmg hmi from a more obnoxious desig­
nation On the scientific side there is a third unportant factor operatmg 
to confuse recorded statistics, namely that impairment from alcohol 
does not contmue at a constant level and is a characteristically transitory 
psychological state The results m an examination of a traffic violator 
depend on his condition at the time of the examination, they cannot 
show except by inference what the condition was an hour earlier There 
is now considerable evidence to support the expectation that the use 
of chemical tests as a means of exammmg for "mtoxication" will partly 
overcome the difficulties mentioned But the total situation is un­
doubtedly very complex on the side of personal judgment because so 
many drivers are theu: own employers without a sense of employer's 
responsibdity Amencan railroads have adopted a stringent rule "G" 
forbiddmg employees to drmk or to frequent places where mtoxicating 
liquors are sold But traffic violators do not come under the control 
of one or of a group of responsible employers, nor do they become subject 
to traffic commissions until after the misdemeanor has taken place and 
so preventive measures are not systematically possible 

Alcohol's unmediate unpairment of drivmg abihty is quite generally 
recogmzed The amassmg of scientific evidence on the effects of alcohol 
and the fittmg together of this evidence with the result of findmg alcohol 
to be a depressant and not a stunulant for mental functions (12) (44) 
(58) has been reviewed repeatedly (e g , 16) and need not be restated 
here in detail I t will be sufficient for us to remmd ourselves of some 
of the characteristics of behavior, foUowmg the ingestion of alcohol, 
that are pertment to the task of the motor driver One unportant effect 
which is predommantly physiological should be mentioned first Ex-
perunents on different kinds of anunals agree in showing that muscular 
incoordmation resultmg from alcohol appears more strongly m mal-
control of the lower or hmd limbs than m the fore lunbs or arms Rats 
and dogs and other animals suitably dosed with alcohol can contmue 
locomotion, of a rather poor type, by means of their forehmbs while 
actually draggmg their hmd limbs The human bemg is, of course, 
out of the rumung under sunilar dosage conditions, and hence it is 
that the staggering gait of the partially mebriated man has such classical 
diagnostic significance Because of this marked effect on the legs the 
automobile is particularly useful to the more or less mtoxicated indi­
vidual He can sit and drive when it would be difficult for hun to 
proceed as a pedestrian The vehicle, guided and driven largely by 
use of the less affected arms, permits him to make progress that would 
if he were dependent solely on the more affected legs, be physiologically 
inconvenient even impossible for hun at the tune 

The mental changes produced by alcohol are numerous and among 
them are included the alterations in mood and attitude that account 
for the wide and enthusiastic use of the substance by pleasure-seeking 
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mankind Because these emotional changes are psychologically at 
least as important as the sensory and muscular alterations which typic­
ally follow the mgestion of moderate amounts of beverage alcohol in 
bemg at variance with the theoretical normal conditions for the auto­
mobile driver, I mclude them in the following catalogue of behavior 
patterns of those who drive after drinking The muscular and sensory 
responses are more amenable to experimentation than the emotional, 
and, whatever the mood, speed, precision and undivided attention are 
essential to efficient driving 

(1) Experiment shows that reaction times in the responses of eyes, 
hands, and feet are slower after alcohol mgestion than under similar 
conditions but without the beverage Measured in the laboratory 
this slowmg of reaction tune is approximately 5 to 10 per cent after the 
usual experimental dosage This change is m itself large enough to 
contribute to accident proneness and sometimes to present the chief 
precipitating cause 

(2) Less uniformity in response follows the ingestion of alcohol 
Motor coordinations of the arms and legs are less true to patterns of 
efficiency and more vanable m amplitude when alcohol is mfluencing 
the nervous system Under certain circumstances what is essentially 
the correct coordmation may be performed m such a clumsy mdirect man­
ner that the result is the equivalent of havmg done just the wrong thmg 

(3) A poor grade of attention to diverse external stunuli follows the 
takmg of alcohol The less erect body posture together with modifi­
cations of vision and hearmg in the direction of poorer perceptual 
facilities all operate to accentuate the attention decrement This effect 
of alcohol I S sometimes spoken of as a narrowing of the attentional 
field The well-known tendency of the alcoholized individual to repeat 
himself or to contmue talkmg mtermmably on the same topic is evi­
dence of the perseveration occurrmg in this narrowed attentional field 
and of the similarly limited ability to turn from one type of stimulus 
or cue to another 

(4) On the emotional side the achievement of increased self-assurance 
is apt to be the first change noticed, it is probably, often unconsciously, 
an objective in the use of alcohol Everywhere even a slight socially 
acceptable toxic effect is recognized as brmgmg this subjectively desir­
able feelmg to the drinker Many are the claims advanced for the 
gams achieved among fnends by a glass or two of "stimulant," but in 
highway traffic the charactenstic alcohol effect beside makmg the mdi-
vidual satisfied with his poorer muscular control prompts him to the 
assumption of the right-of-way and makes him unduly willing to venture 
on a sporting chance ' 

(5) Further disturbance of emotional balance is a fairly common 

' The person who knows the scientific side of the alcohol effect but who not­
withstanding has imbibed alcohol, as a driver, may employ more cautionary meas­
ures than usual, e g stopping at the side when traflSc seems thick. 



366 HIGHWAY RESEARCH BOARD 

result from unbibmg alcohol, i t tends to mcrease as the tolerance level of 
the mdividual is passed This modification m the psychology of the 
dnver may take diverse forms, some of which are conceivably desu'able, 
while others are fimdamentally undesu^ble Certainly a person who is 
by nature inhibited, fearful and over-cautious may be without the use of 
alcohol a danger on the road, but probably the number of people of this 
kind who can best alter their temperamental difficulties through the use 
of alcohol as a prehmmary to drivmg is relatively small because m 
general other less desirable changes will occur to offset the intended 
gam On the other hand, the mdividual who knows from past expen-
ence that i t is unwise for hun to drive after havmg taken alcohol may, if 
he has mdulged, be made thereby to assume the hampermg tunid and 
overcareful manner somewhat as does a man who knows that he is 
drivmg without a license Individual differences m emotional effect are 
quite large Alcohol makes some mdividuals hilarious, others bad 
tempered and irritable Paradoxically, the important element m com­
mon I S vanabihty which charactenzes emotional mood after alcohol and 
this means that habitual attitudes are no longer to be depended upon 
Whatever its characteristics an undercurrent of unusual feelmg is apt 
to be a habihty on the highway 

Exact laboratory experiment has been made with reference to the 
effect of alcohol upon efficiency m the objective part of behavior The 
subjective has also been studied and quahtative results are available 
A bnef statement regardmg findmgs on the effects of alcohol on typists 
IS mtroduced here because it best illustrates alcohol effect on the speed 
and accuracy of mdividuals highly tramed m the particular skill in­
volved FoUowmg the findmgs on the influence of alcohol on typmg a 
short review will be given of all the available experimental studies 
showmg the mfluence of alcohol on automobile drivers 

Five skilled typists all of whom were spontaneously moderate users of 
alcohol served m the experiments (44) The results are here presented 
as averages for the group The men took their alcohol m 20 per cent 
beverages and the amount was admmistered accordmg to body weight 
Dose A contamed from 21-28 gm of absolute alcohol (dependmg on the 
size of the man), and Dose B sunilarly contamed from 32-42 gm 
Control non-alcohohc dnnks were used with the same five men on non-
alcohol days and a comparison made of the two sets of experiments 
Withm the first two hours after the smaller dose the typmg rate de­
creased only 2 per cent, but there was an increase of 39 per cent m the 
errors The pulse rate was 6 per cent faster, the finger response 3 per 
cent, the eye response 7 per cent, the voice response 4 per cent slower 
In the second two hours after takmg the smaller amount of alcohol there 
was practically no change m the rate of typmg but there was still an 
average of 15 per cent mcrease in errors made The pulse rate remamed 
high, average 7 per cent increase and finger, eye and voice all requured 



MILES—ALCOHOL AND VEHICLE DRIVERS 367 

longer times than the normal for response, 2, 5, and 3 per cent respec­
tively Withm the first two hours after takmg the larger dose of alcohol, 
which represented an mcrease of 50 per cent over the smaller one, a 
decrease appeared m typmg rate amountmg to 4 per cent with an 
mcrease m errors of 72 per cent The pulse rate was 8 per cent higher 
than normal, the finger, eye and voice qmckness were slowed up 4, 9, 
and 5 per cent respectively. In the second two hours after takmg dose 
B the typmg rate had recovered practically to normal but the errors 
were still 35 per cent more numerous than under non-alcohol conditions 
The pulse rate had not gone down but was 9 per cent faster than normal, 
finger, eye and voice speed had regamed somewhat, but they still 
showed 3, 4, and 2 per cent slower speed than at a similar tune after 
sundar work on the days when the non-alcohohc solution had been 
taken These results are typical and characteristically illustrate alcohol 
experunents m the psychological laboratory 

The questiomng pubhc is not satisfied to estimate accident proneness 
m automobile dnvers from results on what perhaps seems to the layman 
so different a task as typmg And so a new alcohol experimentation is 
necessary that directly mvolves the use of the automobile Difficulties 
and actual casualty risks to be overcome m providmg conditions for 
such a scientific expenment are, of course, considerable Experunents 
on chauffeurs mvolvmg the performance of tasks under special condi­
tions devised to parallel actual dnvmg requirements are a first step in 
the desired direction Recent work along this Ime still mostly un­
published, has been done by Bahnsen and his associates (3) in Denmark, 
and a paper by Mayerhofer (40) of Germany is of this nature Mayer-
hofer studied the effects of 40 cc of absolute alcohol m wme and beer on 
some twenty mdividuals, and he summarized the effects of alcohol on 
reaction time in situations psychologically qmte sundar to those involved 
in automobile drivmg He found the followmg conditions, (o) Length-
enmg of the reaction tune, (6) marked increase of the errors in co-
ordmation reaction, multiple reaction and disjunctive reaction, (c) false 
judgments of the speed of the movements of other people and of oneself, 
(d) greater expenditure of energy in movement, especially m the case of 
misperformances, (e) decreased attention; (f) omission or disappearance 
of critical blockmg or protective inhibition, optimistic judgment of 
situations, {g) tremor of the hand; {h) ataxia Heise and Halporn (30) 
are probably the first to report on a test (prepared by Dietze) mvolving 
the actual drivmg of an automobde (on a closed highway), under other­
wise sunilar alcoholic and non-alcohohc conditions "A car was rigged 
up so that shootmg a gun would give the signal to apply the brakes and 
this in turn would shoot another gun The knowledge of the speed of 
the car and the distance apart of the bullet marks on the road f urmshed a 
means of measunng reaction tune. Also a curved lane marked by 
corrugated packmg boxes, whose configuration could be changed without 
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notice, made quick decisions necessary and prevented the subject from 
anticipatmg the signal to stop By spendmg several hours with each 
subject we were able to notice changes in the mdividual, and were also 
fortunate m bemg able to ehcit the subjective symptoms " I t was 
found with this apparatus that when travellmg at a speed of 30 miles 
per hour the subject, when he had not had alcohol, required 16 feet on 
the highway from the tune of hearmg the signal until he began to apply 
his brakes After takmg alcohol (1 to 5 ounces of whisky) the distance 
required for puttmg on the brakes gradually increased from 16 to 22 
feet "The drivmg test was ended abruptly when the road rose up in 
waves before the dnver " He'se and Halporn describe the results in 
Dietze's complete series of tests, as follows "Our subjects all men­
tioned dizzmess and two of them a sense of unreality as the most 
prominent subjective sensations The most strikmg change was that 
of the mteUigence, particularly the abihty for self-cnticism All but 
one passed the routme (physical) exammation for sobriety but all suffered 
a moderate slowmg of reaction tune, and all made mistakes such as 
coUidmg with boxes and shootmg the gun on the brake pedal nt the 
wrong t ime" These important prelunmary experiments --liould 
stimulate other mvestigators to make sunilar tests under practical 
drivmg conditions 

The diagnosis of "pronounced drunkenness" usually offers no difficulty 
to the traffic officers But m the prelunmary stages of mtoxication or 
in the clearmg-up mterval after a smgle or a short tune of indulgence 
diagnostic certamty is difficult For such cases the services of a medical 
expert are generally regarded as necessary The latter m addition to 
information derived from answers to theu- direct questions take into 
account the mdividuals' general appearance, attitude, orientation in 
space and tune, memory, pronunciation of difficult words, condition 
with respect to the conjunctivae of the eye, reaction of the pupils, gait 
and standmg steadmess, accuracy of hand movements, smell of breath 
and rate of pulse Furthermore, the medical exammer has carefully to 
rule out possible cases m which a simulation of symptoms of mtoxication 
occur, but where actually the mdividual has not been drmkmg but is 
instead suffenng from accident or disease Generally the total picture 
based on the medical and psychological signs enumerated is fairly 
adequate for a diagnosis Even though the total picture is qmte clearly 
indicative of behavior modffied by alcohol in the direction of accident 
proneness when it comes to translatmg this evidence mto terms of legal 
procedures practical difficulties arise A clever attorney by takmg the 
separate symptoms one by one, may convmce a jury that all were 
natural changes due to any one of a number of causes, and when the 
picture is thus broken up it loses its total psychological unpression and 
medical diagnostic value and so perhaps the case is dismissed Fortu­
nately for progress in diagnosis a new and more objective kind of 
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evidence has been introduced This is the so-called chemical test and 
to a discussion of its methods and results I wish to devote the remainder 
of my tune today 

Let me briefly sketch the physiological process involved when al'cohol 
IS ingested by a human being or other animal I t is now very well 
known that when ethyl alcohol is taken into the stomach it begms 
promptly to be absorbed without waiting until such time as it passes 
into the small mtestmes Also without having been changed m any 
way by bodily processes alcohol quickly appears in the blood and begins 
to be used m the metabolism Dogiel in 1874 was among the first to 
show that alcohol could be found m both arterial and venous blood 
within two minutes after having entered the stomach, and Higgins (31), 
a former colleague of mme, showed that alcohol begms to be burned m 
appreciable quantity within 5 to 11 mmutes after drinking The prompt 
appearance of imchanged alcohol m the circulation and its ready 
diffusion throughout the whole organism makes the interestmg substance 
umquely accessible for observation and study not only in the breath but 
also in the body fluids, the saliva, the blood and the urine By the year 
1900 the work of several physiologists and chemists, mcluding note-
worthily two Frenchmen, Gr^hant (27) and Nicloux (46) had resulted 
in the general finding that the amount of alcohol appearing in the blood 
approximately parallels the size of ingestion The next few years saw 
the development of various methods for detecting alcohol m the body 
fluids and in 1913 appeared an unportant paper by Schweisheuner (52) 
in which the claim was made that the psychic condition of men who have 
imbibed depends on the degree of concentration of the alcohol in their 
blood Schweisheuner said "With animal experiments, such a proof 
could naturally not be given But in this research, it is absolutely 
demonstrated that with abstainers, moderate drinkers and habitual 
drinkers, the condition of intoxication mdicated by such signs as dizzi­
ness, numbness, tiredness, and in slighter cases by talkativeness and 
hilarity, is exactly parallel m increase and decrease with the increase and 
decrease of the alcohol content in the blood Furthermore, i t appears as 
far as the abstamer and the habitual drinker are concerned, that an equal 
concentration of alcohol in the blood caused in the former more marked 
sjonptoms of drunkenness, in the latter lesser symptoms" (transl) 
The next experunents directly involvmg the relation of the psychological 
to the chemical function of alcohol were made, I believe, almost simul­
taneously m England by Mellanby and in America by myself Mel-
lanby m his experiment at this tune used dogs checking his results on a 
few men, my own studies were entirely with men and involved carrymg 
out rather elaborate physiological and psychological measurements, the 
results bemg checked at intervals against the sunultaneous findmgs for 
alcohol content m the body fluids The results of MeUanby and my 
own verified the general finding of Schweisheuner that the toxic effect 
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paralleled the height of the alcohol concentration in the blood Tiie 
mam difference, probably quite an important one, between the German 
findmgs and ours have to do with the declmmg portion of the concentra­
tion curve We found the parallel in the toxic effect and the concentra­
tion curve on the nsmg part of the curve and at the maximum But 
after the maxunum had been passed and the curve was declming we 
found the alcohol symptoms clearing up more rapidly than Schweish-
eimer's statement had led us to expect Mellanby stated "A dog begins 
to show signs of mtoxication when the alcohol m the blood reaches 
about 354 cubic mm per hundred grams of blood. At this stage it wdl 
probably hit its hmd toes agamst the floor m walkmg. Its movements 
will be slower and after a penod of excitement its mterest m external 
conditions will be less than usual This only apphes to the ascending 
portion of the curve I t has already been stated that the symptoms 
decline after the maxunum of the alcohol in the blood has been reached 
When the alcohol has declmed again to 354 cmm the dog will probably 
appear almost normal and will certainly be less mtoxicated than at 
the correspondmg pomt on the ascent of the curve " In other words 
mtoxication resultmg from short penods of drinkmg is a kmd of mental 
and motor disorgamzation ansmg from mterferences with normal 
nervous system action produced by the mvasion of the drug substance 
mto the organism When the strength of the pharmaco-dynamic at­
tack decreases the organism experiences a rather sudden turn for the 
better A psychological factor that comphcates attempts at psycho-
chemical correlation is a partial adaptation that the orgamsm makes 
even when the toxic load is heaviest As soon as the handicap is re­
duced even shghtly a reboxmd toward adjustment and orgamzation of 
functions takes place The Schweisheuner concept, that the toxic 
effect exactly parallels the rismg and fallmg of the concentration curve, 
has been practically convement but it does not fully fit the psychological 
facts The tendency for the subject to clear up psychologically before 
alcohol has disappeared from his system may account for the contra­
dictory statements made concermng a particular individual and for 
the great diagnostic difficulty that exists m examining patients 30 
nunutes or more after an accident has taken place 

The value of the objective chemical test is commg to be generally 
recogmzed Recently several studies have been pubhshed which give 
comparisons between the results of chemical analyses of fimd samples 
and mdependent symptom diagnoses of degree of mtoxication Al­
though alcohol appears m all the body fluids, practical considerations 
lunit the types of matenals that may be studied. The most accessible 
sample is the breath, yet it offers certam difficulties as a pomt of attack 
In this country Bogen (8) and m Sweden, Liljestrand and Lmde (36) 
have, however, used it rather extensively In theu: studies the person 
to be exammed blows up a small rubber sack resembbng a rubber pillow 
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and having a capacity of two liters and then the air while still warm is 
passed through indicating chemicals The test is not entirely rehable 
because gas commg directly from the stomach may mtrude mto this 
exhaled air and thus carry mto the sample larger alcoholic content than 
the same amount of normally mouth breathed air would contain The 
possibility of this type of error in the sample collection probably applies 
especially to the period nearest to the drmkmg of the beverage, and 
the examiner can not be sure just when his patient last took alcohol 
It IS not uncommon immediately foUowmg an accident for a person 
to have alcohol urged upon him, perhaps even forced between his lips 
if friends are trymg to revive hun from a state of unconsciousness or 
confusion And so the breath test is doubly dubious 

Sahva is accessible as fluid to be tested for alcohohc content and it 
may prove best for the purpose (21) (35) Not a great deal has been 
done by way of experimentation with it up to the present Blood sam­
ples and urine samples, particularly the former present more difficulties 
on the side of the willmgness or unwillmgness of the mdividual under 
exammation, but m spite of the imtial psychological reluctance of people 
to cooperate both of these sample methods are commg mto use m con­
nection with automobile traffic and police court activity Where they 
are used public opmion will no doubt gradually bring about their more 
common and more ready acceptance The blood sample method is 
already used by the pohce doctors of Sweden The lobe of the ear or 
the tip of the finger of the suspect, after proper non-alcohohc cleansmg, 
IS pricked with a needle Small specially prepared capillary tubes 
ready m a mailmg receptacle are ffiled from the drop of blood that is 
squeezed out; the tubes are closed and the receptacle is mailed to the 
central testing laboratory where chemical analysis is made by means of 
a micro-method devised by Prof. Eric Widmark who has greatly ad­
vanced this kmd of investigation (62) The prelimmary Swedish 
statistics are of great mterest but the work is probably not at present 
advanced to the pomt where the boundary Ime of mtoxication can be 
definitely fixed by this method In addition to the very infonnmg 
studies of Widmark other pubhcations are appearing m Sweden One 
on the subject of alcohol and accidents has just come out under the 
authorship of Hmdmarsh and Lmde (32) Prof Liljestrand' the phar­
macologist of Stockhokn under whose du-ection the mvestigation was 
carried out has reported this work as follows "From April 1st 1932 
to March 31st 1933 such cases as were taken mto the Mana Hospital 
m Stockholm for accidents and put mto the surgical climc were investi­
gated by one of the authors personally and then a blood sample was 
investigated (by Widmark's method) Some cases—m all 17 per cent— 
could not be investigated, smce they came at times when the two 
authors were unable to see them, but these cases are all considered in 

' Personal communication dated November 23, 1933 
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the calculations to be free from alcohol The number of people in­
vestigated was 505 (men, women and children) Among them 125 
were found to have alcohol m the blood, 115 men and 10 women In 
the followmg therefore only the men are considered The total number 
of men investigated was 283, thus 41 per cent were found to have alcohol 
in theu- blood Of the 283 accidents 113 took place in traffic (motor 
cars, trains and so on), 50 of them (44 per cent) having alcohol in the 
blood Of those havmg alcohol the followmg table gives some 
information. 

Alcohol lesa than Alcohol more than 
1 pro mille> 1 pro raille 

All accidents 42 (26%) 73 (64%) 
Traffic accidents 17 (34%) 33 (66%) 

The correlation between the clinical diagnosis and the alcohol in the 
blood gave interestmg results At an alcohol concentration of 1 pro 
mille 63 per cent were diagnosed as mfluenced by alcohol, at 1 33 pro 
mille the correspondmg percentage was 78% and at 1 66 pro mille 88% 
These numbers show that climcal signs of alcohol mtoxication were 
found in this material much earlier than in the material mvestigated 
by Widmark m his "Die theoretischen Grundlagen und die praktische 
Verwendbarkeit der gerichthchmedizmischen Alkoholbestimmung" 
(Berlm und Wien 1932) Undoubtedly this is due to the fact that the 
two authors got a great expenence and took much time for each patient 
(In no case was the diagnosis "influenced by alcohol" without a positive 
findmg m the blood) I t is interesting, because it demonstrates that 
there are obvious symptoms rather early, symptoms that are probably 
not without danger " 

Since alcohol is so highly diffusible it was the theoretical expectation 
that it would show equal concentration values in blood and in urine 
for comparable periods followmg mgestion In my own researches at 
the Carnegie Nutrition Laboratory in 1919 I trusted this assumption 
at first and used alcohol measures from urme samples for correlation 
with results in physiological tests after alcohol ingestion A little later 
m checking up the comparison between comparable urme and blood 
samples for my subjects I found that the former gave characteristically 
a higher alcohol concentration value than the latter, m fact almost 
50 per cent higher in the period from 40 mmutes to 2 hours after inges­
tion My data published m 1922 (43) were, I beheve, the first to show 
this difference between the alcohol concentration m the two body fluids 
importantly used by a number of mvestigators for obtainmg measures 
of the alcohol m the body The difference relationship that I had found 
was corroborated with larger quantities of alcohol and over a longer 
penod by Southgate and Carter, m 1926, (55), by Bogen m 1927 and 

1 One mgm of absolute alcohol per cubic centimeter of blood which may be 
stated as 0 1 per cent 
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a larger number of subjects but with sunilar dosages to my own, by 
Carlson and associates in 1934 (11) The Carlson study presents for 
36 subjects the relation between dosage, blood concentration and urme 
concentration followmg in general the method I had employed for my 
study of nme subjects A formula derived by the Carlson group from 
a combination of their data with those of Southgate and Carter furnishes 
a useful practical index for predictmg the blood alcohol concentration 
when the urme alcohol concentration has been measured The formula 
IS as follows blood alcohol equals 0 71 times urme alcohol plus 0 01 
The equation derived from my data corroborates the Carlson-South-
gate-Carter formula for the range m amount of alcohol concentration 
covered by both I t seems justifiable on the basis of the general agree­
ment of mvestigators to adopt the practical expedient of usmg urme 
samples as an index to alcohol blood concentration at least where 
there is any legal obstruction to takmg blood samples For further 
details and for the methods of determmmg alcohol content reference 
may be made to the origmal papers cited at the end of this article 

Undoubtedly it is rather too early confidently to set the "mtoxication 
line" in terms of blood or urme alcohol content As a program of 
chemical tests (objective examinations) takes shape it will probably 
exert some influence m the direction of defimteness on the more sub­
jective side of the exammation Many writers at present appear to 
regard anythmg lower than one milUgram of absolute alcohol per cc 
of blood, correspondmg to A of 1 per cent, as permissable and as evi­
dence of a non-mtoxicated condition. The present writer has held 
that this IS rather too high if we are trymg to pick a safety-first value 
The results of Hmdmarsh and Lmde mentioned and discussed above 
in Liljestrand's commumcation tend to strengthen this rather more 
conservative definition smce one-quarter of their "alcohol-accident" 
group appeared withm the range falhng at or below this value (TV of 
1 per cent) and more than half of the cases included who showed more 
than 0 1 per cent were diagnosed by these mvestigators as "influenced 
by alcohol " 

The followmg personal communication from Dr Larsen' who has 
been usmg the chemical test at Queen's Hospital in Honolulu is of spe­
cial practical as well as scientific mterest 

"We have been using the unne alcohol test for a number of years and have 
a large number of determinations on both clinical as well as outside alcoholic 
cases Our findings ran fairly parallel with those of Bogen However, we find 
the chroiMc alcoholic can have a much higher alcohol test without clinical symp­
toms than the individual who is not an habitual drinker 

In certain urines there are substances non-alcoholic in type, which if they 
happen to froth over will give a positive reaction that may suggest the presence 
of two to three milligrams of alcohol when none is present To avoid this oc-

' Personal communication dated October 12, 1933 
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casional false positive we use a trap between the tubes We have never noticed 
this caution in the hterature, but we feel it might be very important 

From the automobile standpoint we feel it is important to prove whether a 
person has been drinking, for we believe firmly it is not the heavy alcoholic who 
IS the greatest danger in a car, but the one who has merely taken a few 'shots' 
and considers himself cold sober Therefore a 0 5 mgm test will prove that 
the man's brain was under the influence of alcohol and his judgment not reliable 
Perhaps this is old history to you, but here where we have had an unusually high 
rate of fatalities and definite objection on the part of many to accuse the moderate 
drinker, we have had to stress this side of the argument 

Another point we have made is to take into consideration the specific gravity 
of the urine to show whether large amounts of water had been ingested before the 
specimen was obtained We recognize, of course, that occasionally we can have 
a negative test in the face of some symptoms of alcoholism The test, however, 
has been very useful m shortening the law process Now both lawyers and 
clients when they know a chemical test can prove whether they have been drink­
ing or not are much more inclined to confess at once This saves a lot of legal 
bickering 

We have not published our results since we felt that as yet we did not have 
enough new evidence to warrant a new publication " 

It IS to be hoped that Dr Larsen and all others m this country and 
abroad will publish theu- findmgs as soon as they become available 
We wish and need to know each other's results, the techmcal difficulties 
as well as the successes that have been met, and not least of all the 
criticisms of method and treatment that stunulate progress 

In presentmg the present paper it has been my object to mtroduce 
the topic of the relation between alcohol and traffic accidents rather 
than to settle any pomts or phases with reference to it The subject is 
a hve one Beverage alcohol has legally returned and will probably 
continue m many states for years to come Benedict (4) has pointed 
out the fact that m Amenca alcohol is commonly used as an accessory 
food, that is, between meals more often than is the case in other 
countries This unbibing on a relatively empty stomach results usually 
m a stronger toxic effect relative to the amount mgested Furthermore, 
it IS too frequently the youthfully, thoughtless urge for vivid thrilling 
experience that brmgs the alcohol and the speed experiences together 
temporarily Some mdividuals are sure to try to employ both of the 
powerful agencies, alcohol and gasohne at the same tune An experi­
enced adult under the mild influence of alcohol can usually drive a 
modern automobile with some success, but no matter what he clauns 
or thmks about it, probably he is, when even mildly mtoxicated, more 
acceptable to society at large in almost any other r61e than that of 
motor driver To the army of drivers the right to pursue their way 
unhampered seems malienable and to preserve this nght safely to the 
majority objective and thorough means of checking infringements of 
their privilege by the mmonty need to be more fully developed and then 
generally employed The chemical test for intoxication in case of 
accident is one of the most promismg of these. 
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Highway engmeers in the United States are quite aware of the fact 
that during the last 15 years more of our citizens liave been killed in 
automobile accidents than have lost their lives in military action or 
have died of wounds m all our foreign and domestic wars Our death 
toll from the automobile at present is approaching 100 hves per day 
and for injured nearly 3500 Even though at present we cannot state 
exactly the percentage value of alcohol's contribution to these figures 
the fact remams that we know this contribution is quite matenal 
Alcohol IS among the more specific thmgs that can be pomted to as 
predisposmg causes m the accident picture And yet people of all 
kmds are interested m facts and especially m the relation of facts to 
their own comfort and safety They do not want accidents and they 
want accident makers removed or else taught better traffic habits m-
cludmg especially reframmg from drinkmg before or durmg the oper­
ation of motor vehicles They will be sympathetic to new methods 
of protectmg society on the highroads that are both simple and objec­
tively fair. 
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D I S C U S S I O N 

ON 

A L C O H O L A N D M O T O R V E H I C L E D R I V E R S 

M R WALTEB W MATTHEWS, Bureau of Highway Patrol and Safety 
State Revenue Department, Pennsylvania I would like to call attention 
to a paper entitled "Medicolegal Aspects of Drunkenness," which was 
read before the Medical Society of the State of Pennsylvama m 1932 
by Dr. H A Heise and Dt Benjamin Halporn of the Mumcipal 
Hospital at Umontown, Pa Dr Heise has been conductmg several 
tests with the assistance of our department directed prunanly towards 
unnalysis as a measure of presence of alcohol m the system and he has 
reached some very mterestmg conclusions In Fayette County, Penn­
sylvama, m 1924 before the chemical test was used, 34 persons accused 
of drunken dnvmg were found not guilty and 21 were found gmlty or 
pled guilty He says "In 100 recent consecutive cases m which the 
alcohol m the urme exceeded 0 19 per cent by weight, 87 were found 
guilty, 6 were pronounced not guilty but paid the costs, and 7 were 
acqmtted " 

Incidentally m the conduct of some of these tests we have furnished 
highway patrolmen to keep certam portions of the highways more or 
less free of traffic and to assist as observers, and one of the humorous 
statements m his report is that he acknowledged the services of, and 
congratulated, those who have offered to dnnk whiskey for the sake 
of science I happen to know that what he did was to ask for vol­
unteers Quite a number of drivers volunteered and he kept feedmg 
the whiskey at mtervals until he got up to one-third of a pmt per 
person and then the tests stopped abruptly' Perhaps the most inter­
estmg conclusion reached is that it is practically impossible to prove 
defimtely alcoholic mtoxication from the sjmiptoms alone One of the 
thmgs that has to be considered is that drivers may evidently be stunu-
lated by some 16 other biological conditions Just as in the observation, 
the Doctor speaks of, a typist who was unaccustomed to alcohol, drank 
one ounce of whiskey, and shortly thereafter was able to type more 
rapidly than before, but made many more mistakes The next day 
the experiment was repeated and 15 umts of insulm were given a half 
hour before the alcohol was taken The alcohol curves were identical 
and the subject displayed many of the symptoms of drunkenness and 
certainly would have been pronounced mtoxicated by the average 
physician The alcohol m the urme, however, did not exceed 0 015 
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per cent, giving definite evidence of the value of tiie test in proving 
that ceitain symptoms are not due to alcohol 

I would like to hear some discussion on the practical side of handlmg 
some of these tests from the pohce pomt of view One of the diffi­
culties we have m Pennsylvama is in gettmg doctors to agree to give 
such tests because of the fact that they will later be tied up for long 
intervals in court When they get into court they must qualify as 
experts Theu- testunony is often broken down by clever attorneys, 
and you have a condition whereby discreditmg the doctor's testimony 
and that of the witnesses a man may be proven not drunk, and yet it 
would be perfectly obvious to a high school gu-1 that her escort in a 
similar condition was pretty "tight" I would like some of the other 
gentlemen to explain how some of these intricate tests could be put 
into actual practice in police work, as it seems to be more and more the 
assumption that we must have a physician's test to prove mtoxication 

Then we have on the other hand the legal techmcalities involved 
I have in mmd a controversy beyween Pennsylvama and New York 
State We convict a New York driver m Pennsylvama for, as our 
law says, "dnvmg while under the influence of intoxicatmg liquor " 
We suspend his further dnvmg privilege m Pennsylvama We certify 
that case to New York on the assumption that New York State will 
take away the New York hcense Their law reads that he must be 
convicted of "driving while mtoxicated" and their courts have ruled 
there is a distmction between drivmg "while under the influence of 
intoxicatmg hquor" and drivmg "while mtoxicated " 

There we are again, the techmcahties mvolved in attempted scien­
tific tests, combined with loop-holes m the laws present a very mter-
estmg problem from the pomt of view of actual enforcement 

PROF R A MOYER, Iowa State College What is the extent of the 
influence of liquor on the abflity of the driver? The test I have m 
mmd IS a very realistic laboratory drivers test which Dr Lauer of 
the Psychology Department at Iowa State College has developed and 
used during the past ten years He has tested a great many drivers, 
mcluding the Chrysler test course drivers who were demonstratmg 
Chrysler cars at the World's Fair this summer Although the Chrysler 
drivers were given a high ratmg, they were not able to get a perfect 
ratmg, which indicates the useful range and rehabihty of his tests 

It seems to me that drivers should be tested m normal condition 
and then, by varymg the amounts of alcohol, should be tested at vari­
ous stages of intoxication By that means some index would be ob-
tamed as to the amount of liquor necessary to make the response of the 
driver such that he would be considered a dangerous driver I am 
of the opmion that Dr Lauer would be agreeable to carrymg out such 
tests. He has an excellent set up and I am sure that all of us agree 
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that it IS a very important question concerning which we should have 
as much subjective test data as it is reasonably possible to obtain 

D R M I L E S : I think Professor Moyer's question is a natural one 
However we know already the effects of alcohol and unless the op-
portumty is presented to get a prior ratmg on mdividuals who are 
likely to be intoxicated we cannot afford to waste too much time on 
just repeats although Dr Lauer and I have talked over the problem 
of settmg up and makmg some tests with his particular outfit A good 
many investigators have tested different vanations m the dosage and 
have shown the mcreasmg effect with the mcreasmg dosage 

There are individual differences of course Habitual users tend to 
show somewhat higher amounts of alcohol m the blood after given 
dosages, in some way or other the adaptation of the body is toward an 
accelerated appearance of alcohol m the blood rather than the opposite 
In terms of effect on ten people, if the average is 10 per cent you will 
find about three that will have an effect of 14 to 17 per cent poorer 
performance, about three that will have from 9 to 12 per cent, three 
from 4 to 6 per cent, and one fellow who will have practically zero effect, 
or perhaps score better than normal But too often we have been will-
mg to stress the extreme mdividual differences and thus give alcohol 
the benefit of the doubt Of course we know some men who drink 
and dnve and get home all nght, by the law of probability there should 
be some such cases 

Some one has said that the superego is that part of the human that 
IS soluble m alcohol Just the rate of the solubility, etc is a big ques­
tion but there is no doubt about the totahty of the effect We know 
the gravity of the situation and now we are bemg faced by msurance 
compames askmg for data on which to rewrite the structure of accident 
rates because they expect a distmct change 

CHAIRMAN MARSH I have heard within the last month or so of a 
proposal to make a test by the amount of alcohol m the air from the 
lungs Has that ever been investigated thoroughly? 

D R M I L E S : Yes', it was mvestigated by Dr Liljestrand in Sweden 
Such a test was devised by Dr Bogan in Cincinnati I t is something 
that no one can particularly object to The person tested blows up 
a rubber bag that has a capacity of four or five quarts Then this air 
(contents of the bag) is passed through some chemicals The trouble 
IS there are other volatile substances given off m the breath that may 
register on these same chemicals The breath test gives some mdication 
but quantitatively is not dependable,—the urme test is more depend­
able and the blood test is most dependable 
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B E H A V I O R ! 

B Y B R U C E D . G R E E N S H I E L D S 

Professor of Engineering Science, Denison University 

SYNOPSIS 
This report presents a new method of securing accurate data on 

traflSc behavior by means of pictures and illustrates the use of such 
data in the development of a new formula for expressing the relation 
between the number of vehicles passing a given point, their average 
speed, and spacing 

From the position of a vehicle in two or more pictures taken at 
short definite intervals of time its velocity and acceleration can be 
determined A sixteen minute Simplex moving picture camera was 
geared for a constant time interval between exposures 

From 6,000 pictures of 794 vehicles the following expression for 
the spacing of cars whose speed is controlled by that of the leading 
car of a group was developed 

S = 21 + IIV 

wherein S is the distance center to center in feet between the vehicles 
and V IB the velocity in miles per hour 

This paper presents a new method of securmg the accurate data on 
traffic behavior which are necessary both for the design of streets and 
highways with adequate capacity and for the proper regulation of 
traffic The method which mvolves the use of pictures taken at short, 
defimte intervals of time on motion picture film was developed as the 
result of an mvestigation earned out durmg the past year as a Um-
versity of Michigan Fellowship project This Fellowship was granted 
by the Detroit Edison Company 

In the first part of the work, the writer had the cooperation of the 
Michigan State Highway Department which lent the assistance of 
Frank Olmstead, Assistant Research Engmeer, who made valuable sug­
gestions m coimection with the development of eqmpment and the 
analysis of data Durmg the latter part of the study, the Dow Chemi­
cal Company of Midland, Michigan, sponsored and financed an m-
vestigation of the effect of road surfaces on vehicle speeds 

R L Mornson, Professor of Highway Engmeering and Highway 
Transport, who durected the project has made many valuable sugges­
tions as well as given indispensible and constructive cnticism 

R S Swmton, Assistant Professor of Engmeenng Mechamcs, has 
followed the work very closely throughout, given unsparmgly of his 
time and has been especially helpful in developmg the necessary technic 

The results of the study indicate that the average minunum spacing, 

' This paper is a portion of a dissertation presented for the degree of Doctor 
of Philosophy in the University of Michigan 

382 



GREENSHIELDS-TRAFFIC BEHAVIOR 383 

center to center m feet, at which automotive vehicles travel, may be 
expressed by the formula, »Si = 21 -(- 1 I F , where S equals the spacmg 
m feet, and V equals the velocity m miles per hour If V is expressed 
m feet per second, 1 I F must be changed to 0 75F The coefficient, 
0.75, IS the brake reaction-time m seconds Brake reaction-tune is 
the tune it takes an automobile driver to brmg the brakes mto oper­
ation after he has received a stimulus to do so The data seem to 
indicate that the reaction-time may vary with dnvmg conditions so 
as to give different spacmgs for city traffic and for the open highway 
The photographic method of investigation may also be used to study 
practice m passmg, the variation m the speed and number of vehicles 
on each lane of a multiple highway, the tune lost by traffic mterrup-
tions, and the amount of traffic congestion on a highway 

The new method is described and its use is illustrated m the develop­
ment of a new formula for expressmg the relation between the number 
of vehicles passmg a given pomt, their average rate of speed, and the 
average spacmg at which they travel A brief review of literature 
pertment to the subject of speed and spacmg is given before the devel­
opment of the formula After the development and discussion of the 
formula other traffic problems and the adaptation of the picture method 
to their solution are briefly outlmed. 

METHOD OF SECURING AND ANALYZING DATA 

By takmg pictures of vehicular traffic at short, definite mtervals of 
tune an instantaneous record of the position of the vehicles at the end 
of each mterval can be obtamed. From the position of a vehicle in 
each of two successive pictures its velocity may be found, and its ac­
celeration from three or more The spacmg of cars m the same picture 
IS evident. In case the followmg vehicle does not appear m the same 
picture, but m one at a later mterval, the spacmg may be fairly accu­
rately determmed from its velocity and the mterval of time elapsmg 
between the pictures m which the vehicles appear 

Field Method 

The field method of securing data was quite sunple. A 16 mm 
Sunplex movie camera was used to take the pictures An electric 
motor driven by an automobile storage battery operated the camera 
with a constant time interval between exposures Figure 1 shows the 
camera with the motor attachment Varymg the voltage by changing 
the battery termmals controlled the time interval, which might be 
varied from one-half to two seconds This method was found better 
than rheostat control The time interval was carefully measured with 
a stop watch over a penod of 40 to 100 exposures and checked by the 
sweep hand of a photographic tuner included m the pictures In order 
that movmg cars might appear m at least two consecutive pictures a 
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field of twice the space traveled per time interval was required. To 
avoid photographic blur due to motion, a moving car had to be at least 
300 feet from the camera. In this case the length of road included in a 
picture was about 125 feet. The blur might have been lessened by 
using a faster shutter. At the beginning of each film, and hourly 
during a run, there was included a photograph of a bulletin board 

1 \ 

Figure 1. Camera with Motor Attachment 

giving tlie location, date, hour, time interval, shutter opening and otiier 
pertinent information. 

The white cloth stretched along the opposite side of the road in 
Figure 2 was used to keep the vehicles from fading into the dark back­
ground. Figure 3 shows three frames of pictures taken with the movie 
camera at this station. The vertical lines are added to show how the 
pictures look when projected upon a screen with lines drawn upon it 
for scaling distances. 

The measured distance from the camera to the road together with 
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Figure 2 

Figure 3 
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the camera characteristics suffices to give the scale of dimensions which 
are more accurately determmed if the camera is set at right angles to 
the road As a check, however, a complete plan of the section of the 
roadway studied is recorded givmg the distances from the camera and 
between objects m the pictures such as fence posts'or poles Where 
no identification exists a 100 foot tape is laid along the pavement and 
at every 10 foot interval a marker is held over the pomt and photo­
graphed There is thus obtamed a defimte scale for the picture 

Method of Analysts 

The process of analysis consists of two parts, first, the pictures are 
projected upon a white screen ruled with parallel markmgs and the 
throw of the lantern is adjusted so that these divisions wiU represent 
five or ten foot mtervals along the roadway m the picture, and second, 
the distance of travel or speed and the spacmg between cars is taken 
from two pictures, projected upon the screen at the same tune In 
order to obtam a traffic flow curve for the highway the tune may be 
read from the tuner photographed. 

The method of studying the pictures may be illustrated from Figure 4 
In the first picture at the top the rear car is at pomt 9 of the scale and 
55 feet behmd the car m front, measured from front to front of car. 
In the second picture 0 80 of a second later, it has advanced to pomt 
50 on the scale or has traveled 41 feet. Reduced to miles per hour 
this IS 34 9. By readmg the scale m the third picture it is found that 
the speed of the car is practically uniform, that is, there is no accelera­
tion. To facihtate readmg m case accelerations are not wanted, the 
projection lantern may be mounted on a thm board secured in place by 
a center pm so that the board and projector may be easily turned to 
the right or left to brmg the car m the first picture to zero on the scale 
and thus the distance the car has moved, or' speed, may be recorded 
directly m the place of the station 

H E L A T I O N O F T H E S P E E D AND SPACING O F V E H I C L E S 

Data secured by the picture method make possible also the derivation 
of a formula which expresses m a useful way the relation between the 
number of vehicles m a lane passmg a given pomt, their velocity and 
the average minimum spacmg at which they travel Other valuable 
studies have been made to detenmne this relation but it is beheved 
that they have not been based upon as accurate data as it is possible 
to secure by the picture method It may be reasoned, logically, per­
haps, that the driver of an automobile mamtains a sufficient spacing 
between his own car and the one ahead to be able to stop should the 
first car meet with disaster, but whether he does or not can be found 
only by observations such as are possible with the photographic method 
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A review of the literature on the subject of speed and spacing is in­
cluded for the purpose of comparison and for aid in the interpretation 
of new data 

J 

^4 

h ^ 'o '°3 

4 , 

Figure 4 

A iV. Johnson's Investigations 

A N . Johnson, Dean of Engineermg at the University of Maryland, 
derived a formula based upon the idea that cars should mamtain a 
sufficient distance from the car m front for brmgmg the car to a stop 
The formula is as follows: 

N= 
5280 V 

15+ 15 
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In this formula N is the number of vehicles per hour passing a given 
pomt at a velocity of V miles per hour with an average car length of 

y 2 
15 feet, and — is the clearance between the cars This formula was 

1 5 

widely accepted Dean Johnson afterwards, however, (1928)' from 
data obtained from airplane pictures, changed the clearance to vary 
as the 4/3 power of the velocity This gave the maximum discharge 
at 34 5 miles per hour as compared to about 15 miles in the first in­
stance This is shown by the curves in Figure 7 The velocities were 
obtamed from the velocities of cars travelmg with the traffic and, from 
the fact that, smce adjacent photographs overlapped, the same group 
of pictures appeared in two succeedmg pictures, displaced by the 
distance that they had traveled between exposures The author states 
that as the scale of the different photographs vaned somewhat, as well 
as the interval between exposures, the results would be expected to show 
a like variation in accuracy One hundred and twenty-seven pictures 
were taken 

Sigvald Johannesson's Investigations 

Sigvald Johannesson'' derived a formula based upon "certain obser­
vations" of the "Relation of Rate of Speed to Spacing of Vehicles" 
as follows 

Rate of speed Spacing center to center 
miles per hour of vehicles in feet 

3 0 33 
5 0 42 
9 5 45 

12 0 50 

From this he deduced that the "spacmg is guided by a certam fixed 
length, say five feet, plus a time interval, which judged by the recorded 
vehicle spacmgs noted above, may be taken to be 1 5 seconds " In 
other words, the minimum open space between two motor vehicles 
travelmg at a certain rate of speed may be taken to be five feet plus 
the distance the vehicles will travel m 1 5 seconds at that rate of speed. 
The equation he then uses for the maximum density of traffic is as 
follows 

5280L 
" 2 2 F + 2 5 

' Maryland Aerial Survey of Highway TraflBc Between Baltimore and Wash­
ington, By A N Johnson, Proceedings of Highway Research Board, Vol 8, 
page 106 

•Highwaj Economics, by Sigvald Johannesson Pub 1931 McGraw-Hill 
page 88 
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in which N equals maximum density in number of vehicles per hour 
and V IS the velocity m miles per hour Accordmg to this equation, 
the density increases with the rate of speed and converges toward 40 
vehicles per mmute as a maximum This is shown in Figure 7 

N W. Dougherty's Investigations 

Professor N W Dougherty, of the Umversity of Tennessee, has 
evolved an equation' for road capacity under the assumptions that all 
vehicles move in a lane at uniform speed and that they travel at a dis­
tance apart to prevent collision if a vehicle m front meets with disaster 
Three factors are taken into consideration: 

(a) overall length of vehicle and clearance, 15 feet, 
(b) brakmg distance, s = 0 0259 V , where s = stopping distance 

m feet and V = speed in feet per second 
(c) time elapsed from the mstant m which the driver observes 

the disaster ahead until he can apply his brakes This time 
IS assumed to be 0 5 second 

This gives a reaction distance of d = 05 V Reducing this to give N, 
the number of vehicles which can pass a point m one hour at a velocity 
of V miles per hour, there results the equation • 

52807 
15 + 0 0556 + 0 75 y 

The curve for this equation is shown in Figure 7 

The Personal Equation m Automobile Driving* 

In many fields of activity the presence of the so-called personal 
equation has been defimtely established, and due allowance made for 
it In few occupations is the existence of the personal equation more 
evident than in that of automobile drivmg F A Moss and H H 
Allen m 1925 carried out an investigation of the personal equation in 
driving 

The object of the tests was to determine 
(a) the average time that elapses between the hearing of a signal, 

such, for example, as the shot of a pistol, and the applying 
of the brake 

(b) the relation between the reaction-time and the variability of 
the individual 

(c) the effect on reaction-tune of such factors as the speed of 
dnvmg, trammg, age, sex, race, and general intelligence 

» Roads and Streets, Vol 70, Sept 1930, Page 319 
* The Personal Equation in Automobile Driving, F A Moss and H H Allen, 

Transactions of the Society of Automotive Engineers, 1925, Part 1, Pages 497-
510 
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To carry out these experiments, apparatus was devised that consisted 
of two revolvers mounted securely on the underside of the runnmg 
board of an automobile and pomted downward toward the road. One 
revolver was fired by the experimenter as a signal, and the other by 
the person imder test m makmg the imtial motion of applying the brake-
pedal. Shells loaded with red lead were employed, so that when each 
gun was fired, a bnght red spot was made upon the road The reaction-
tune was determmed from the speed of the car and the distance between 
the red spots on the pavement The speed of the car was accurately 
measured by a chronometnc tachometer 

The average reaction-tune for the 57 drivers tested was 0 54 second 
The variation was from 0 31 second to 1 02 seconds for different dnvers 
The authors state, however, that owmg to the high mteUigence of the 
subjects tested, probably many dnvers could be found who might have 
reaction-tunes as long as 1 5 or even 2 seconds 

The experiment showed that: 
(1) The reaction-time is not appreciably changed with different 

speeds 
(2) The reaction-tune vanes little with age and sex. 
(3) Persons of a high intelligence seem to have a shorter reaction-

time. 
(4) Persons who have a shorter reaction-time show the least 

variation m different tests 
(5) The reaction-tune may be reduced by trauung, the reduction, 

however, m some men must stop far short of that m others 

Selection of Data 

An attempt was made m the investigation of speed and spacmg of 
vehicles to take only such observations as would show vehicles with a 
speed controlled by the vehicle m front. I t is qmte evident on a heavily 
traveled highway where the tendency of traffic is to bunch up, that the 
speed of the vehicles m the group is controlled by the leadmg vehicle 
When the vehicles are travelmg at a higher speed and at greater dis­
tance apart it is harder to detenmne whether the speeds are affected 
by congestion. It was decided to take pictures only of groups of vehi­
cles which seemed to be drivmg at controlled speeds and to throw out 
all observations where the relative velocity of the leadmg vehicle differed 
by more than five feet per second with the one foUowmg. 

Followmg the method illustrated m Figure 4, about 6000 pictures 
of both urban and rural traffic comprising 794 vehicles were studied to 
secure the information used in the denvation of the formula. The 
observations of spacmg for each two mile variation m velocity, 
shown m the chart on page 391 when averaged and plotted in Figure 5, 
seem to be fairly well represented by the straight Ime equation 

S = 21 + 11 V 
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where S equals the spacing of vehicles, center to center, in feet, and V 
equals the average velocity in miles per hour 

Rationalizing the Equation 

It was felt that the equation should contain terms for: 
(1) the spacmg of cars with a velocity at or approaching zero, 
(2) an allowance for the distance traveled during the reaction-time 

of the driver, and, 
(3) possibly a term which would take account of the caution or 

judgment of the dnver 
Smce the spacmgs of groups of cars waitmg for stop-hghts to change 

had been observed to be from 20 to 22 feet, center to center, giving 

5. 
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Figure 5. Speed and Spacing of Vehicles The numbers show the observa­
tions for each point 

about a five foot clearance, the first term of the equation, 21, was 
assumed to be the spacing in feet at zero velocity 

The average reaction-time of 0 54 seconds, found by Moss and Allen, 
to a stimulus of sound was multiphed by 4/3 to give 0 72 second as the 
approxunate brake reaction-tune to a sight stimulus ^ If the velocity, 
y , m miles per hour is changed to feet per second the coefficient, 1 1, 
becomes 0 75, which agrees closely with 0 72, the reaction-time in 
seconds 

The third term is apparently non-existent The data, however, 
comprised in the 794 observations are admittedly lackmg both for high 
and for low speeds Additional observations of about 500 vehicles, 
to give a total of 1341 observations are shown in Figure 6 I t is noted 

' Willard Lee Valentine, A Psychology Laboratory Manuel, page 41 
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that the data for slow speeds from zero to about 15 miles per hour 
taken from city traffic, seem to determine a line whose equation is 

5 = 21 + 1 40 y 

where V is expressed in miles per hour 
This means that reaction-time may be modified by driving con­

ditions or else that the driver, usmg his judgment, allows himself longer 
time to react The amount of this variation in reaction-tune can be 
shown only by further study based upon new data 

The equation means that the variation in the minimum spacing be­
tween vehicles depends entirely upon the reaction-tune of the driver 
Smce the negative acceleration of an automobile after the brakes have 
been apphed is practically constant, a car will not collide with the one 

R 

It 

to - 3d 4d so io 
Jpocinq in Feat, Cen/er fo Center 

Figure 6 Speed and Spacing of Vehicles The point of zero velocity is the aver­
age of 143 observations Each of the other points is the weighted average of 99 
observations. 

ahead if the brakes are being applied on both cars and if both cars were 
travelmg at the same speed before the brakes were apphed A graphic 
comparison of this formula with those of several other investigators 
IS shown in Figure 7 The number of cars passing over a highway 
increases with higher velocities so that the theoretical capacity of a 
highway is increased by one-thu-d if the average speed of all vehicles 
passmg over it is raised from 20 to 40 miles per hour This is an argu 
ment for a minimum speed regulation on congested highways 

Additional Data on Reaction-Time 

It was decided to run a check test of brake reaction-tune usmg a 
sight stimulus Two cars were parked, one about fifty feet behind the 
other A chronoscope reading to thousands of a second was wired in 
curcuit with the tail hght of the front car and the brake pedal of the 
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rear car, so that it would measure the tune from the commg on of the 
tail hght and the pressmg of the brake pedal 

Each person tested for reaction-tune was told to remove qmckly his 
foot from the accelerator pedal when he saw the hght flash and push 
down on the brake pedal as if he were stoppmg the car. Each person 
made six or more trials 

The average tune of 13 mdividuals tested on one car was 0 86 second, 
"and the average of 27 mdividuals on another car was 0 74 second 

These results agree very closely with the 0 75 second amved at m 
the speed-spacmg formula, and serve to confirm the conclusion that 
the coefficient of V in the formula is the brake reaction-tune 

^ 3OO0 

N ^ S a i l (J0HN30f^) 

t (DOUGHenTY) 

ye/ocify in Mi les per Hour 

Figure 7. Graphic Comparison of Formulas for Determining tlie Relation Be­
tween the Number of Vehicles Passing a Given Point and Their Rates of Speed. 

Significance of the Findings 

The spacmg between the cars at various speeds is less than has 
formerly been supposed It is controlled by the reaction-time of^the 
driver This reaction-time may perhaps not be the same at all times 
for the same mdividual It is indicated that the reaction-tune may be 
greater m city traffic or else that the dnver allows himself more tune 
to react, which amounts to the same thmg as far as performance is 
concerned 

Smce the two cars tested showed an average difference of 0 2 second 
in reaction-tune for four individuals tested on both cars, the unportance 
of a convenient location of the brake pedal in reference to the accelerator 
becomes apparent 

O T H E R PHASES O F T R A F F I C B E H A V I O R F O R STUDY 

There are other phases of traffic behavior that could be studied with 
profit Sufficient work has been done to show that solutions of the 
problems mvolved are possible 
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Passing Practice. At what speeds do cars pass each other? What 
space and tune do they require to pass? Under what conditions do 
drivers undertake to pass? Pictures taken of a long vista of highway 
such as could be obtamed from a high promontory across a valley should 
give ideal data on this problem 

Amount of Congestion. Cpngestion starts at the pomt where the 
density of traffic is such as to retard its average speed' As long as 
cars can freely pass each other there is no congestion. 

The amount of congestion can be found by first determming from 
freely movmg cars, say those over 125 feet apart, the average speed 
on the highway when it is uncongested. The average speed of vehicles 
for different densities of traffic will then show the amount of congestion 
If the average free speed on a highway is 45 miles per hour, a speed 
of 40 miles per hour for a certam density shows an average loss of five 
miles per hour per vehicle or a congestion of ^ The composition of 
traffic should be the same m order to give a true comparison for the 
average speed of trucks is different from the average speed of passenger 
cars 

Stop-Laght Practice What is the total tune loss for timed signals 
and how does this vary with different traffic densities' A study of 
traffic-actuated signals should be included. Observations of over one 
thousand cars have been tabulated and a tentative formula, based upon 
the average acceleration practiced by drivers at stop-lights, has been 
developed to show the tune lost by traffic mtemiptions 

Speeds A ttamed Under Different Limitations How are speeds related 
to types of roadway surface, to block lengths, to parkmg systems, to 
street widths and to lane of travel' Zioes lane marking on city streets 
speed up traffic' In the part of the work sponsored by the Dow Chemi­
cal Company, 341 cars passing over a certain section of concrete road 
from 1 1 A M to 5:30 P M . had an average speed of 47 8 miles per hour 
During the same time 64 trucks maintained an average speed of 37 9 
miles per hour. On another day 146 cars had an average speed of 47 7 
miles per hour. The average speed of 416 cars on a gravel road was ob­
served to be 32 6 miles pei hour and of 39 trucks 28 2 miles per iiour 
The weather was dry dunng the observations and there was no con­
gestion Further studies along this line should be made 

Traffic Surveys A device whereby the camera will be operated by 
a solenoid actuated by a photoelectric cell should be of great aid in 
getting rather complete traffic information Counting devices operated 
by the photoelectric cell have already been used successfully The 
pictures would show the types of vehicles, their speeds and the times of 
day at which they passed. This information for each car would all 
appear on one picture smce the timer mcluded in the picture would 
show the time of day while the distance the car had traveled during the 

* Proceedings of the Highway Research Board, Vol 6, page 218. 
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small delay from the time it cut the ray of light falling on the cell and 
the snapping of the camera would show its speed Given the speed of 
all vehicles and the number passing in any period of time it becomes 
possible to show the amount of congestion or speed retardation durmg 
that period Such a device is now being developed under the direction 
of Professor Swinton 

Not all of the possible uses of the photographic method of investigat­
ing traffic behavior have been listed, but its potentiahties are evident 

This type of study will give pictorial records which should make 
valuable information available to those concerned in the design of 
vehicles and the design and maintenance of highways 

D I S C U S S I O N 
ON 

T H E P H O T O G R A P H I C M E T H O D O F S T U D Y I N G T R A F F I C 
B E H A V I O R 

P R O F J T R U E M A N THOMPSON, The Johns Hopkins University I 
shall briefly descnbe some work which has been going on under my super­
vision at The Johns Hopkins University smce last June for the United 
States Bureau of Public Roads 

I would not presume to intrude upon this meeting a discussion of my 
own work were it not for the fact that it bears such a definite relationship 
to that of Professor Greenshields In addition, since it is too early to 
advance conclusions oi to publish, I feel it should be made a matter of 
record here to avoid possible duplication of effort 

The work to which I refer is also a motion picture study, but in this 
instance it attempts to discover the lateral placement of vehicles in the 
act of passing one another, both when moving in opposite directions 
and when moving in the same direction Obviously, this information 
IS greatly needed To mention only one example of its usefulness, it 
will probably throw some light upon the moot question as to whether 
certain classes of vehicles require greater pavement width than do other 
classes 

Another question whose answer we sadly lack is "How much distance 
does it take for one vehicle to pass another safely when they are travel­
ing in the same d i r e c t i o n T h i s question derives its importance from 
the fact that it so definitely influences sight distance and has such a 
significant bearing upon the limitations which should be imposed upon 
vehicle length We also tried to answer this question 

To accomplish our ends we mounted a motion picture camera out­
side the driver's window of an automobile in which there were two per­
sons, one to drive and operate the camera, the other to make certain 
observations and record them This observer's car trailed a vehicle to 
be studied at about 300 feet and paced it as exactly as possible so that 
Its speed would be known Nothing happened until a second vehicle 
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got in line between the observer's car and the one to be studied, and as 
soon as it turned out to the left to pass the first vehicle, the film was put 
in motion and kept going until the passing was completed As soon as 
the observer's machine got over the point where the second vehicle 
turned out to pass, a spot of white paint was dropped and a similar 
spot was made when the observer's machine was over the point where 
the passing vehicle had turned in again and straightened out The dis­
tance between the two paint spots was measured, the speed of the passed 
vehicle recorded from the speedometer in the observer's car, and the 
length of the passed vehicle determined by stopping it and measuring it 

The transverse placement of the vehicles was obtained from the film 
by makmg certain measurements from a still projection of the frame 
in which the rear axles of the passing and passed vehicles were opposite 

D R H C D I C K I N S O N , Bureau of Standards Five years ago we ana­
lyzed the problem which Dr Greenshields spoke of, about possible spac­
ing of cars on the road There are three factors which he says come into 
it and as we see it these are (1) the length of the car, for which purpose 
we used the actual length of the car 15 feet instead of 21, which does not 
make such difference, (2) the reaction time, which is the time required 
after the driver knows something is going to happen before he gets his 
foot on the brake, it averages about 55 hundredths of a second, and (3) 
the perception time, which depends upon the change in apparent size of 
the car ahead, because you do not depend upon lights One must see a 
change in the apparent size of the car ahead or its apparent width on 
the road in order to know that the car is slowing up. The time neces­
sary to foresee a thing of that kind is considerably longer than is needed 
to see a light A large number of observations on the road indicate that 
this time is, or was at that time, approximately one second Thus the 
spacing on the road should be the length of the car plus the distance 
travelled in about 1| seconds, the latter being the sum of perception 
time and reaction time 

Since that time we have been watching the distance between cars on 
the road It is a simple matter when traveling a distance behind 
another car, to note the time it takes to reach the point where the car 
was when you set the stop watch It appears that the time between 
cars IS a fairly definite thing It seems to have been shortened materi­
ally in the past five years The reason, I believe, is that time between 
cars is a function not only of the perception and reaction time but also 
of the safety factor one wants to use When using two wheel and four 
wheel breaks on the road, one never knew whether the other fellow ahead 
had four wheel brakes or not, the brake deceleration was not constant 
and consequently one had to allow a safety factor on that account 
Now with four wheel brakes almost universal on the road, one drives 
with that in mind, hence we have discarded that factor of safety, to a 
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certain extent and shortened the time I think Dr Greenshields' figures 
are close In fact some cars are bemg driven much closer than that 
In New York we find cars as close together as 30 feet at 40 miles an 
hour If traffic is constant and there is no likelihood of an obstruction, 
no cross roads, there is no reason why one should stop We take chances 
on that because we thmk the vehicle won't stop If there are likely to 
be obstructions or mterference, then one must lengthen out the spacing 
taking into full account the tune necessary to put on the brakes The 
constants in the formula have changed in the last five years 

The question of time raises another question which Professor Thomp­
son discussed, that is, how far does it take to pass another car' Obvi­
ously, if one car is traveling 1§ seconds behmd another car and must 
accelerate, pass the other car and get back into the road again, it takes a 
definite amount of time which the engineer can calculate That time 
calculated for the average car is six seconds, assummg an acceleration 
rate corresponding to a 10 per cent grade, and that the car starts from a 
position 1̂  seconds behind another and accelerates at this rate until it 
IS back on the right hand side of the road ahead of the other car In 
order to check this we took two cars and two stop watches—^went out on 
the road and passed each other alternately, the car bemg overtaken 
maintaming constant speed While we tried this for speeds from 5 to 
45 miles per hour, the time required to perform that maneuver was be­
tween 5§ and 6§ seconds—with very few cases outside of that I have 
checked this figure for five years As a matter of fact it has been mj 
cnterion as to personal procedure m drivmg Coming up behmd an­
other car, looking ahead, i f I see a car some distance ahead, I decide 
whether it is safe to pass Of course, the safe distance depends upon 
speed of the other car as well as my own. I have made many observa­
tions of that sort and find that if the time before meetmg the approach-
mg car is gomg to be eight seconds, I will pass If the tune is going to 
be less than eight seconds I will be m doubt—and if I ever pass a car 
with less than 1| seconds to spare, 1 thmk it is takmg chances. This 
indicates that there is an uncertamty of not more than two seconds in 
estimatmg the tune of meetmg It is a pretty clear-cut geometncal 
problem and the time required is very closely six seconds The process 
whereby one makes this fairly accurate estimate, however, mvolves no 
material measurement of distance or of tune, but is based purely on 
personal experience and ability to estimate 

There is a httle more to it than that Instead of startmg from your 
normal distance, 1§ second's time behmd another car, you may acceler­
ate and lap the rear bumper of the other car—assummg that only after 
that pomt IS it impossible to get back if necessary by putting on your 
brake If one can perform that operation and start a stop watch at the 
time the cars lap, it takes three seconds from that point until one is 
clear.of traffic in the lane ahead That also is a fairly definite operation. 
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It can be performed safely by a skillful driver I t is a dangerous ma­
neuver, however, smce if one sees a car approaching at the instant when 
his car just laps the one ahead he must decide in a fraction of a second 
whether to keep on or slow up If he makes a wrong decision it may 
prove fatal 

P R O F E S S O R G R E E N S H I E L D S The results I gave were averages only 
In the first pictures taken of traffic leavmg a Michigan football game, 
the spacmg was observed to be much closer than that of traffic subse­
quently observed movmg under more normal conditions. The appar­
ent difference of reaction time for rural and urban conditions was 
pointed out 

A study of the average speeds on two-lane pavements of different 
widths might give some indication of the comfortable width of pave­
ment for drivers of cars and trucks 

I might pomt out that, aside from studies of safety, if the amount of 
congestion caused by the inabihty of cars to pass each other is measured 
that the answer to the question of passmg practice is mdirectly secured 

P R O F R S SWINTON, University of Michigan: If, for several thousand 
cars the percentage of cars travelmg above given speeds are plotted 
against speeds on normal probabihty paper the result will be a straight 
line If the Ime is not straight one is comparmg unlike thmgs From 
this hne can be anticipated the number of cars that will exceed a par­
ticular speed If one finds a range of from 10 to 60 miles per hour he 
can anticipate the number gomg over fifty or slower than 20 miles per 
hour This gives an economic measure of any loss suffered by a few 
individuals through speed control legislation 



T H E E F F E C T O F C O N T R O L M E T H O D S ON T R A F F I C F L O W -
T R A F F I C M O V E M E N T S A T S E V E N T E E N T H S T R E E T A N D 

C O N S T I T U T I O N A V E N U E I N W A S H I N G T O N , D C 

B Y E H H O L M E S 

Assistant Highway Economist, U S Bureau of Public Roads 

[In Abstract*] 

The study was made to compare the time of vehicle passage through 
an intersection with variable control methods for traffic of nearly con­
stant volume Data were taken between morning and evening rush 
hours when the traffic was nearly constant at 2,000 vehicles per hour 
Movement of traffic was studied under no-control, officer control, ve­
hicle-actuated control, and seventeen different fixed-time controls All 
vehicles that entered and left the zone of influence of the intersection 
were noted by means of a graphic time recorder From this record the 
average tune per vehicle was determined Over 100,000 vehicles were 
timed The results are summarized in Table I 

From the average time per vehicle tabulated, the following expression 
was derived to show the result of lengthening the intervals on either or 
both streets 

r = 26 4 + 0 04a; + 0 282/ 

in which T is the time for the average vehicle to travel 600 feet, includ­
ing the intersection, a; is the green light interval on Constitution Avenue, 
including three second amber overlap, and y is the green interval on 
Seventeenth Street, including three second amber overlap 

SUMMARY O F CONCLUSIONS . 

1 For the traffic volume encountered in this analysis (about 2,000 
vehicles per hour) operation of the intersection without control incurred 
the least delay to traffic Of all the control methods, officer control 
permitted the fastest movement of traffic, closely followed by the short­
est fixed-time control, and traffic-actuated control 

2 Under fixed-time control, a very marked increase m delay followed 
lengthening of the cycle In fact, for certain of the short cycles com­
pletely reversing the proportioning of the cycle had less effect on the 
time of the average vehicle than did retaining the same proportioning 
but doublmg the cycle length 

3 The flexible control methods showed efficiency equal to or better 

• This report has been published in full in Public Roads, Vol 14, No 12 Febru­
ary, 1934 
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than the most efficient fixed-time control, but it is believed that both 
the officer control and traffic-actuated control could be more efficient 
than mdicated here 

4 During the course of a 10-hour day from 8-00 A M to 6:00 P M . 
as much delay was incurred during two hours of peak traffic as dunng 
the remaining eight hours 

T A B L E I 

A V E R A G E T I M E P E R V E H I C L E (SECONDS) 

Tuning Constitution Avenue 7th Street 
Both 

Streets Consti­
tution 

Avenue 
17th Street West East Both 

directions North South Both 
directions 

Both 
Streets 

No-co ntrol 23 8 25 9 24 9 30 1 28 2 29 1 26 3 
Officer control 26 8 29 1 28 0 34 6 33 2 33 9 29 9 

15 sec 15 sec 29 3 32 2 30 9 32 6 32 9 32 8 31 5 
Traffic actuated 28 9 30 6 29 8 35 3 35 3 35 3 31 6 
20 sec 20 sec 31 4 32 4 31 9 33 5 32 0 32 7 32 2 
40 sec 20 sec 27 6 28 9 28 3 42 0 41 2 41 6 32 7 
30 sec 15 sec 29 5 30 7 30 2 41 1 39 7 40 4 33 5 
30 sec 20 sec 30 4 31 3 30 9 41 0 38 3 39 6 33 8 
15 sec 30 sec 35 8 38 0 37 0 30 9 29 1 30 0 34 9 
30 sec 30 sec 33 7 34 8 34 3 37 2 35 5 36 2 34 9 
40 sec 30 sec 31 3 33 3 32 4 41 5 41 7 41 6 35 3 
20 sec 30 sec 37 0 36 6 36 8 36 0 34 3 35 1 36 2 
60 sec 30 sec 29 9 30 9 30 5 51 4 50 8 51 1 37 1 
40 sec 40 sec 36 9 38 0 37 3 38 9 38 9 38 9 37 8 
70 sec 30 sec 28 4 29 0 28 7 61 1 55 7 58 3 39 0 
50 sec 50 sec 41 7 40 9 41 3 40 6 40 2 40 4 41 0 
60 sec 45 sec 35 9 38 4 37 3 51 1 49 5 50 3 41 4 
30 sec 50 sec 46 0 46 8 46 4 32 9 32 0 32 5 41 6 
60 sec 60 sec 44 1 45 1 44 6 48 6 45 3 47 0 45 4 
30 sec 70 sec 56 1 57 3 56 7 32 6 31 7 32 1 48 6 

Average traffic (vehicles per hour) 

625 740 1,365 320 350 670 2,035 

In discussion M R J R O W L A N D B I B B I N S said 

I hope further studies will be made under heavy traffic because, from 
the results shown, it is quite apparent that the rush hour problem is an 
exceedingly large and difficult one I was impressed with the possi­
bility of the analysis of the individual trip-records by short intervals— 
15 minutes or even shorter Would not that show what happens in 
those short intervals with respiect to the maximum variations about the 
day average In that way might be deduced from these trip records 
some of these essential points of heavy traffic periods 

I was gratified to see what a good officer can do when he is properly 
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trained In the fixed-tuning tests I noticed that the Constitution 
Avenue time required was quite low when the proportion of traffic 
moving in the two streets was passably reflected in the time-split of the 
cycle Perhaps analysis would show that the officer more nearly ap­
portioned the time-splits between the two movements than the signals 

Both stragglers and speeders must be regimented and the movement 
made more nearly uniform which is, of course, one of the inherent pur­
poses of the progressive signal 

One more point Most of us m canymg out mvestigations like this 
have no opportunity to use as elaborate mechanism as here available 
I wonder if a simple notation of "cars delayed,"—what I call a "pile-
up"—^will not give a rough measure, through a very wide range of operat­
ing conditions, of the practical effectiveness of the signal control or any 
type of control used 

I remember on one location m Washington, the Connecticut Avenue 
Bridge with a 2000 feet clear approach, after 6:25 P M the motor 
pile-up occurred sometimes one-half or two-thirds way across the bndge, 
which meant that those end cars would not get through until the third 
cycle What I want to emphasize is, can we not roughly study traffic 
control efficiency or adequacy through the determination of pile-ups* or 
percentage of stopped cars' 

It will be worthwhile to follow the new Michigan Avenue (Chicago) 
mstallation of flexible progressive eqmpment. The first installation 
of signals IS from 22nd Street north to Oak Street, 3f miles It will 
have an expedited rush hour feature, widening the "wave-band" in­
bound in the mornmg and outbound in the evenmg, with automatic 
reset It is to be hoped that Chicago may be able to expenraent with 
that signal system through a wide range of variable timmgs and splits 
as in the Washington tests This paper has shown the necessity of 
puttmg such a flexible system through the necessary range of ob­
servations 



R U L E S O F T H E R O A D I N T H E O R Y A N D P R A C T I C E 

B Y H C D I C K I N S O N 

Chief, Dtmsion of Heal and Power, National Bureau of Standards 

S Y N O P S I S 

In practice there is one underlying principle that is commonly 
accepted by all good drivers This is that a driver should remain 
in his own traffic lane and maintain a reasonably uniform speed, 
only changing direction and speed when he can do so without inter­
ference with other traffic 

In discussing the application of this principle to the various situ­
ations encountered in traffic movements Dr Dickinson points out 
that in many respects existing traffic regulations are not only at 
variance with common practices but introduce elements of un­
certainty and danger Analysis of the rules m vogue for passing 
vehicles on four lane roads, for right-of-way at light controlled 
intersections, boulevard crossings, and for left hand turns, leads 
to the suggestion that a single regulation based on the foregoing 
principle, would leave no shadow of a right for two vehicles to be 
in the same place at the same time; which is not the case with most 
existing regulations 

A careful analysis of the practices of the vast majority of drivers in 
the various situations which involve the rights and convenience of users 
of the highway leads to the definite conclusion that one underlying 
principle is generally accepted by good drivers as a basis for all these 
practices 

Theory as represented by existing traffic regulations based partly 
on experience in the days of horse-drawn vehicles, and partly on purely 
academic considerations, is in many respects at variance with common 
practices and we believe the conflict between theory and practice is 
responsible for much of the accident toll 

The basic principle which appears in all these common practices is 
that a driver should remain m his own traffic lane and maintain a reason­
ably uniform speed, only changing his speed or departing from his traffic 
lane when he can do so without interference with other traffic m his or other 

' traffic lanes 
Two situations only appear to show complete consistency between 

regulations and practice as based on the above concept These are (1) 
meetmg and passing other vehicles, and (2) stoppmg at hght controlled 
mtersections In both cases the requirements are definite The dnver 
must remam in his own traffic lane or his own portion of the highway. 
There is no conflict of rights No two users of the highway may attempt 
to be m the same place at the same time. These two situations are 
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remarkably free from accidents considermg the great number of occa­
sions which occur 

Applying the principle stated above to other traflSc situations entirely 
different conditions are found 

In the overtaking and passing of vehicles on four-lane highways, for 
instance, arises one of the most serious discrepancies between theory 
and practice The principle of lane traffic would call for each vehicle 
to remain in one traffic lane except as a change could be made without 
interference with other traffic Regulations, however, commonly re­
quire that a driver must remain m the right-hand lane or must vacate 
the left lane if another driver wishes to overtake him Despite the 
regulation drivers recognize the logical practice of overtaking on either 
side on highways having four or more traffic lanes, and do so freely 

The laws should be changed in this respect to correspond with good 
practice 

At intersections not controlled by lights there is necessarily conflict 
of interests since one driver always must yield to another The appli­
cation of the logical principle here would require that the driver who 
must yield right of way should not interfere at all with the other driver 
In place of this simple requirement the most widely used code provides 
that the driver approaching on the right shall have right of way but 
that after the driver on the left has "entered the intersection" he shall 
then have right of way Could a more confusing or dangerous provision 
be found than this*̂  It encourages beating the other driver to the mter-
section and transfers the right to cross to the left-hand driver as soon 
as he enters the intersection 

This ambiguity is only somewhat more serious than the general pro­
vision which gives the driver on the right the right of way at intersec­
tions The reason for this instead of the reverse provision has never 
been clear but only a little study shows conclusively that in this situ­
ation the driver on the left should have the right of way If this were 
the case a driver approaching could not enter the intersection until the 
crossroad on the left was clear but having entered he would have right 
of way to cross because the driver on the right of the mtersection would 
be halted 

Thus the logical rule for any uncontrolled intersection, not a boule­
vard crossing, would be as follows Driver on the left has right of way 
Driver on the right may not enter the intersection m such manner as to 
interfere with his right to cross at a not mal speed In case of severe com­
petition, driver entering the intersection must signal for right of way 
and wait until his signal is recognized and the approaching car slows 
down to permit his crossing 

Where turns are to be made at an intersection there is again a conflict 
of interests Right-hand turns are not difficult since if made from the 
right-hand lane they generally do not interfere with other traflBc either 
at controlled or uncontrolled intersections. 
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As for left-hand turns application of the lane traffic principle requires 
that a left turn be made only when this can be done without inter­
ference with other traffic This is the practice of most good drivers 
despite such regulations as give to the driver making a left-hand turn 
right of way over approaching vehicles which have not entered the inter­
section Scarcely any driver has the temerity to make use of this pro­
vision but occasionally one takes a chance on the other fellow's brakes 
and may or may not get away with it 

For left-hand turns the logical rule is that the turn shall be made only 
when this can be done without interfering with other traffic In case of 
extreme congestion the turn shall be made only after signaling to the 
approaching driver for right of way and being assured that the signal 
is recognized and acted upon 

There has been much discussion of the left-turn problem, particularly 
of the "rotary" turn This latter is perhaps the safest form of turn as 
it gives complete protection to the turning vehicle but it requires more 
time than the simpler turn except when there is serious congestion 

At boulevard or "stop" intersections the logical rule would require 
that the crossing should not be made until this can be done without 
mterference with traffic in either direction on the main road Con­
fusion exists as to what is meant by the "stop" sign at these crossings 
In many cases the sign is interpreted to mean simply that the driver 
must come to a complete stop after which only the usual rules apply, 
and as noted above this leaves much to be desired This sign should 
mean that the crossing must be made only when it can be done without 
interferring at all with through traffic m either direction In case of great 
congestion the usual requirement should hold—crossing to be made 
only after the driver has signalled for right of way and had his signal 
recognized 

When a driver wishes to "weave" from one traffic'lane to another, 
there is no common provision except the unregulated practice to deter­
mine how this should be done, but in most cases the obvious demands 
of safety prevent the driver from neglecting the general rule that he 
must not interfere with traffic m the other lane 

These few cases cited seem sufficient to show that one simple logical 
practice is generally accepted by all good drivers m all situations in 
traffic This one regulation is A driver must not depart from his own 
traffic lane or slow up with\n it unless he can do so without interferring 
with other traffic 

In case of congestion where no opportunity can be found to make 
the necessary maneuver the driver must make a suitable signal and see 
that this signal is recognized by the other parties involved before making 
the move 

This simple regulation applies with equal force and logic to all the 
common maneuvers on the highway in conjunction with the proper 
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conventions at crossings It is simple and far more readily understood 
than most of the various regulations which it would replace, and m 
particular it has the virtue that in no case is there any ambiguity as 
to who is in the right Like the safe and simple rule for meeting other 
cars it leaves no shadow of a right for two vehicles to be m the same place 
at the same time 

So long as ambiguous regulations afford any right for two occupants 
of the highway to attempt to be m the same place at the same time there 
will be too many collisions and there will be no clear cut means of telling 
who IS responsible for them 



GEORGE S. B A R T L E T T AWARD 
The George S. Bartlett Award was established in 1931 by a group 

of friends of George S. Bartlett, with the purpose of perpetuating the 
spirit of friendship and helpfulness which he brought into his work in 
the highway field. 

It is conferred annually upon an individual who has made an out­
standing contribution to highway progress, the recipient being selected 
by a Board of Award composed of one representative of each of the 
following organizations: 

The American Association of State Highway Officials; 
The American Road Builders' Association; 
The Highway Research Board of the National Research Council. 

The recipients of the Award have been: 

Thomas H. MacDonald 1931 
Arthur N. Johnson 1932 
James H. MacDonald 1933 
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December 8, 1933 

The meeting was called to order at 4:10 P M with Chairman Hamlin 
presiding 

Present 

Executive Committee Members 

George E Hamlin, Chairman 
A T Goldbeck, Vice-Chairman 
T R Agg 
H C Dickinson 
H S Mattimore 
H G Shirley 
C J Tilden 
Charles M . Upham 

Director, R W. Crum 

Member Organization Representatives 

American Association of State Highway Officials 
E W James 

American Institute of Consulting Engmeers 
Fred Lavis 

American Road Builders' Association 
Charles M Upham 

Amencan Society of Civil Engineers 
H G Shirley 

American Society for Testing Materials 
Prevost Hubbard 

Asphalt Institute 
L M Law 

Associated General Contractors of America 
H J Kirk 

Association of Land Grant Colleges 
Anson Marston 

Eno Foundation for Highway Traffic Regulation 
C J Tilden 

National Crushed Stone Association 
A T Goldbeck 
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National Paving Brick Association 
G F Schlesinger 

National Sand and Gravel Association 
Stanton Walker 

Portland Cement Association 
E M Fleming 

Society of American Military Engineers 
H F Clemmer representing H C Whitehurst 

Society of Automotive Engineers 
H C Dickinson 

Western Society of Engineers 
A N Talbot 

Minutes of Previous Meeting 
Motion That the Minutes of the meeting held December 2, 1932, 

be approved as printed in the Twelfth Annual Proceedings 
Adopted 

Interim Actions of the Executive Committee The Director reported 
that three special projects had been organized with the approval of the 
Executive Committee These are 

(1) A joint committee with the American Association of State 
Highway Officials on "Roadside Development " 

(2) A cooperative project with the Engineering Experiment Station, 
Iowa State College on "Use of High Elastic Limit Steel as 
Concrete Reinforcement " 

(3) A special project on "Evaluation of Highway Systems " 

Motion That the interim actions of the Executive Committee be 
approved 

Adopted. 

Annual Meeting Date Consideration was given to the date for 
holding the Fourteenth Annual Meetmg of the Board 

Motion That the dates of December 6 and 7, 1934, be designated 
for the Fourteenth Annual Meeting of the Highway Research Board, 
subject to the approval of the National Academy of Sciences and subject 
to unforeseen contingencies 

Adopted 

Application for Membership. 

Motion That the application of the Institute of Traffic Engmeers 
for membership on the Highway Research Board be approved subject 
to letter ballot of the membership 

Adopted 
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Report of Committee on Nominations The following report of the 
Nominatmg Committee was presented by Mr Stanton Walker. 

"The Nominating Commtttee appointed by your Chairman to consider nomi­
nations for vacancies on the Executive Committee met on December 7th with 
the following present Messrs Anson Marston, H C Whitehurst, E M Fleming 
and Stanton Walker, Chairman 

"After careful consideration of the problem before it, the Committee reports 
the following nominations 

Mr A T Goldbeck, Director, Bureau of Engineering, National Crushed 
Stone Association 

Mr Charles M Upham, Engineer-Director, American Road Builders' 
Association 

Mr Burton W Marsh, Director, Safety and Traffic Engineering Department, 
American Automobile Association 

Respectfully submitted, 
E M F L E M I N G 
ANSON MARSTON 
STANTON W A L K E R , Chairman " 

Motion That the report of the Nommating Committee be approved 
and that the Director be instructed to cast a unanimous ballot for the 
nominees 

Adopted 

Then followed a general discussion of the work of the Board and of 
ways and means for securmg financial support 

Motion That a small committee be appomted by the incoming 
Chairman of the Executive Committee to consider ways and means 
for securmg financial support for the Board 

Adopted 

Motion That the Director be mstructed to send letters of appre­
ciation to those who participated m the program of the Thirteenth 
Aimual Meetmg 

Adopted 

No further business appearmg, the meeting adjourned at 5:07 P M 
R W CRUM, 

Director. 
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