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IOWA STATE HIGHWAY MAINTENANCE STUDY 

SUPPLEMENT I 

Section A 

INTRODUCTION 

The Iowa State Highway Maintenance Study 
Report, High-wa.y Research Board Special Report 
No, 65, contains the principal findings, con
clusions, and reco!lllllendations developed during 
a one-year study of maintenance operations on 
State primary and interstate highways in Iowa, 
as well as descriptive background material. 
Supplement I presents a large portion of the 
numerical data from which ws drawn many of 
the facts included in Special Report No, 65. 
Many parts of the supplement are naturally 
linked with the findings, conclusions, and 
recommendations in Special Report No. 65; and 
since some material is not repeated, the 
reader is urged _to use both volumes concurrently. 

Supplement I includes data on -workloads, an accounting of labor and 
equipment time by type of -work, labor time charges per mile of road by 
selected groups of roads in the three-county control area and similar 
data on a section of Interstate 35 in Warren County. Results from the 
many production studies made throughout the State are shown in sunnnary 
form along with discussions of methods and procedures followed in per
forming various maintenance operations. Special reports on selected sub
jects and a sample illustration of a mathematical approach to rating the 
principal criteria for solutions of some maintenance production problems 
are also included, 

Interpretation and application of the findings are dependent upon many 
factors including such items as knowledge about local conditions, super
visor personalities, catastrophic situations, the physical plant, and 
others which do not lend themselves to precise numerical evaluation. The 
data contained herein do, however, point to the nature and magnitude of 
many elements which can affect productive effort on maintenance -work and 
when interpreted in the light of conditions known to exist, will provi~e 
direction toward profitable adjustments and changes that can be made by 
management. It should be recognized, nevertheless, that the expense of 
some delays or certain inefficient procedures may be less than the cost 
of remedying the situation and hence a change is unwarranted unless, ex
ternal benefits can be derived. The plan of action which considers the 
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whole of maintenance rather than an individual segment is most desirable. 
Each of the 7 sections in this supplement contains a description of 

material presented therein and, where appropriate, of stuey techniques 
used in developing the data sho'Wll., 

Special definitions for frequently used terms are reproduced below: 

Overhead operations• undistributed are major operations of a general 
nature which could not be logically allocated to specific direct operations. 

Overhead operations - distributed are operations of a general nature 
which could be logically allocated to specific direct operations. 

Direct operations - existing system are specific operations performed 
at worksites on the existing primary system (including daily preparations 
at a garage, yard, stockpile, or parking area). 

Direct operations - new construction are specific operations performed 
at worksites on current construction projects or at worksites on construc
tion-caused detours located off the existing primary system (including 
daily preparations at a garage, yard, stockpile, or parking area). 

Total available wrking time (TAWT) is equal to scheduled working time 
for men or equipment plus any overtime actually worked. Paid leave and 
holiday time were excluded. 

Net available working time (NA.WT ) is equal to total available working 
time minus nonoperational lll3.jor delays. 

Nonoperational major delays a re individual periods of idleness which 
last for 30 or more minutes and which are caused by factors having no 
direct relationship to an operation. 

Operational major delays a re individual periods of idleness which last 
for 30 or more minutes and which are caused by factors having a direct 
relationship to an operation. They are part of NA.WT, 

Minor delays are individual periods of idleness which last for less 
than 30 minutes. They may be either operational or nonoperational and 
are part of NA.WT. 

Prod'ucti ve time is the time during which men or equipment are engaged 
in actual work. It is equal to NA.WT minus all delays. 

Service and repair equipment is that operation which covers activities 
of mechanics, operators and the equipment which they use in performing 
major service or repair work on all types of equipment. Most equipment 
units charged to this operation were used for transporting men who per
formed the service or repair work, i.e., the mechanic's pickup. By defi
nition, men or equipment engaged in service or repair for individual 
periods which lasted less than 30 minutes were not charged to this opera
tion but were considered to be in minor delay status. Equipment being 
serviced or repaired and men or equipment waiting on service or repair of 
equipment were considered to be in major or minor delay status no matter 
how short or long the period. 

Service and repair major nonoperational delays are those delays where 
equipment units were being St!rvkt:cl l:l.uu. .t:epaired for individual periods 
lasting 30 or more minutes or 'Where men and equipment units were -waiting 
on service or repair of equipment. Units of Class A equipment were 
charged with a major delay for service and repair whenever their attached 
Class B equipment was being worked on for 30 or more minutes. If the 
Class B equipment was detached, units of Class A equipment were charged 
with a major delay only if they sat idle and -waited on completion of the 
service or repair. Time for installing minor attachments like buckets 
and snowplows was not considered to be a delay, but installation of major 
attachments such as truck beds or snowplow frames ws. 
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Class A Equipment consists of trucks, motorgra.ders, draglines, pickups, 
cars, tractors, loaders, mudjack machines, air compressors, and some other 
types of motorized or non-motorized equipment. Most, but not all, are 
self-propelled. For study purposes, separate records were kept for each 
unit of Class A equipment. 

Class B Equipment consists of trailers, truck beds, snowplows, blades, 
rollers, distributors, kettles, brooms, spreaders, and many other minor 
units. Some of these are motorized but none are self-propelled. For 
study purposes, separate records were kept for all Class B equipment not 
normally attached to a unit of Class A equipment. Towed units of Class B 
equipment were not considered to be attached to Class A units. Class B 
equipment normally attached to a unit of Class A equipment while in use 
(such as snowplows) was considered to be part of the Class A unit for 
study purposes. 

Throughout this volume, road surfaces have been classified as one of 
six types. The following list shows the terminology used, State unit 
codes and a description for those types where variations may require 
interpretation. 

Portland cement concrete 

Brick 

Bituminous overlay 

Bituminous plant mix 

Bituminous treated 

Gravel 

State 
unit code 

10 

50 

80 

90 

(30) 
( 40) 

20 

Descr i ption 

Bituminous concrete mat 
placed over an old portland 
cement concrete or brick 
surface 

Bituminous concrete mat with 
gravel, crushed stone, or 
soil-cement base course 

Bituminous penetration mat 
with a gravel or crushed 
stone base course (some are 
stabilized) 

Gravel or crushed stone 
surface usually without any 
base course 



Section B 

COMPREHENSIVE STUDIES IN THE THREE-COUNTY CONTROL AREA 

1. Background 

Studies undertaken to develop basic data about the types and total 
extent of maintenance performed by State forces on the primary road sys
tem are called comprehensive studies. They were intended to provide an 
overall picture of maintenance on primary highways throughout Iowa. Cur
rent State records for labor, equipment, materials, and supplies were 
examined to see if they -would provide data needed for the comprehensive 
studies. It was decided that the State records did not contain all of the 
information needed and did not show enough details. Therefore, the study 
group developed a special accounting system to obtain the needed data. 

A group of direct operation accounts were set up to accwnulate labor 
and equipment time. These operations were based on the list of f'unctions 
shown in the 1958 AASHO Manual of Uniform Accounting Procedures. In addi
tion, two groups of overhead operation accounts were used to accumulate 
labor and equipment time which could not be immediately allocated to any 
direct operation. The accounts in one group, called overhead operations -
undistributed, covered work such as service and repair equipment and were 
not allocated to any operation. The other group, overhead operations -
distributed, consisted of operations which were allocated to direct opera
tions. Stockpiling aggregates is one of the operations in this latter 
group. Labor and equipment time was also classified according to where 
-work was perfonned. State road sections were used to identify worksites. 
However, most of the State sections were divided into study subsections 
to provide a more detailed breakdown of -worksite locations for certain 
direct operations. Overhead operations were classified only according to 
the county where they occurred. 

Two-man study crews were assigned full time to each of three counties 
in a selected control area for a 52-week period. They observed activities 
of State maintenance forces, prepared daily time records for each employee 
and major equipment unit working in the control area, and obtained back
ground information. The daily time records for men and equipment units 
showed the following information: total available working 'Llmt::l (TAWT); 
nonoperational major delays (over 30 minutes); net available working time 
(NAWI') spent on each operation; and the locat ion of worksites. In most 
cases, study crews were able to obtain the distribution of time to the 
nearest 10 minutes. Worksites were i dentified as being in a particular 
county, road section and, in many cases, a study subsection. Background 
data included records of materials used, work accomplished, mileage oper
ated by individual trucks, and other similar infonnation. 
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All study records were forwarded to a headquarters office 'Where they 
were checked for accuracy and consistency. Most of the data were then 
transferred to punch cards for machine processing. During the 52-week 
study period, study crews recorded 86,225 hours of TAWT for labor and 
166,926 hours of TAWT for major equipment units. labor bad an additional 
8,411 hours of paid leave so study crews actually accounted for 94,636 
hours. A check showed that this latter figure differed from State total 
labor payroll hours for the same period by less than 1 percent. No check 
was ma.de on equipment time but it is believed that study records and 
State records in total agree within 1 or 2 percent. 

2. Characteristics of the three-county control area 

The control area for comprehensive studies nominally consisted of 
Cedar, Iowa, and Johnson Counties. However, it was actually defined as 
including only those roads nornally maintained by State maintenance crews 
stationed in the three counties, Thus, detours over county roads, a road 
section in a state park, and a few road sections in adjoining counties 
were included in the control area because they were maintained by the 
three crews. Roads contracted to a city for maintenance (except certain 
specified traffic control items) and several road sections normally main
tained by State crews stationed in other counties were excluded even 
though they were within the political boundaries of the three counties. 
During the one-year study period there were several changes in roads nor
mally maintained by the three crews and thus in the limits of the control 
area. For example, during winter months the three crews were given re
sponsibility for salting roads in other counties. 

The control area was selected by the special study group staff af'ter 
consultation with State personnel from the Central and Di.strict 6 Offices. 
Consideration was given to terrain, soil types, weather, traffic, road 
surface types, and suitability for study. The selected area was recog
nized as not being a perfect sample but was considered to be reasonably 
representative of conditions found throughout Iowa. It also met some 
practical limitations of study criteria. Each of the three counties in 
the selected control area had certain distinguishing characteristics. 
Each had all major types of roadway surfaces but in varying proportions, 
Average traffic varied considerably. Cedar and Iowa Counties included 
only small cities 'While Johnson County had small cities and a moderately 
large urban area. In Cedar County, the State maintenance crew operated 
out of two garages; in the other counties there was only one garage. Each 
county was located in a different maintenance residency 'Which meant that 
there were some differences in policies and procedures. Crew sizes and 
equipment complements varied from county to county although they were 
related in a general way to variations in total 'WOrkload, Table 1 pre
sents, for selected items, a comparison between the three counties in the 
control area, an average county in the control area, and an average 
county in the State. It should be kept in mind that the three control 
area counties are actually defined as including only the roads normally 
maintained by the three state maintenance crews. Thus, figures sho-wn 
here do not agree exactly with comparable data sho-wn on Page 3 of Special 
Report No, 65 which are based on political boundaries. Table 2 shows the 
nominal fleet of "A" equipment used in the three-county control area. 



TABLE 1 
COMPARISON BETWEEN CHARACTERISTICS OF CONTROL AREA COUNTIES AND STATE 

AVERAGE COUNTY FOR SELECTED ITEMS 

Control area State 
Item Average average 

Cedar Iowa Johnson county county 

Roads .maintained 8Li1L~2: (miles) 
Portland cement concrete - unit 10 33,3 14.9 69.6 39.3 56,5 
Brick - unit 50 - o.4 0.2 0.2 o.8 
Bituminous overlay - unit 8o 15.8 46.4 12.8 25.0 16.2 
Bituminous concrete - unit 90 20.7 21.6 - 14.1 10.8 
Bituminous treated - units 30 and 4o o.6 0.7 17.1 6.1 7.5 
Gravel - unit 20 12.3 2.1 --2±..:1 6.2 _H_ --

To~al 82.7 86.1 104.o 90.9 99.4 

Averase ~e of surfaces (years) 13 6 12 11 18 

Aver~e dailr traffic {1/1/60 estimate) 1,965 1,970 2,600 2,210 1,823 

Averase maintenance e:!92enditure Eer 
~ (FY 1959-60} $1,690 $98o $1,330 $1,370 $1,374 

Mean temperatlll'e: (°F) 
Average year 49 49 49 49 49 
Study year August 1959-August 1960 48 48 48 48 49 

Total EreciEitation: (inches) 
Average year 33 33 33 33 31 
Study year August 1959-August 1960 43 43 43 43 38 

Snow-fall: (inches) 
Average year 30 30 30 30 27 
Study year November 1959-March 1960 55 55 55 55 52 

Predominati~ soil t~es - A-6 to A-7-6 -

State maintenance crew 8/17/59: 
All personnel 13 I 12 15 13 13 
Trucks 7 8 9 8 7 
Motorgraders 2 1 3 2 2 
Tractors and front end loaders 6 6 7 6 7 
Other equipment units 8 7 6 7 9 

NumhP,r n1' i:t.11.t.e l!iarai:;es 2 1 1 1 2 



TABIE 2 
"A" EQUIPMENT ASSIGNED TO !lllE THREE-COUNTY CONTROL AREA AUGUST 17, 1959 ij 

Equipment group 
State 

Make end model 
Year 

Auxiliary equipment y number pw-chaeed 

Cedar County 

Ll.ght d~ty trucks 

Medium ~p. heavy duty tntcks 

A 5732 Ford F6oo 1955 ,.,,.,,---r A 6278 Ford F6oo 1956 4.o cu yd end 411111!) bed B 
A 6782 I,H,C, Al62 1958 3,0 cu yd l!nd d""1l) bed 
A 7107 I,H,C, Al62 1959 6. 5 cu yd eprc,,der bed 
A 74o2 Chevrolet 64o3 1959 4,1 cu yd end d\l!IUI bed 
A 5081 FordF&lO 1953 3,0 cu yd. end di..p bed I$$ i 
A 6318 Ford F&Jo 1956 4,8 cu yd. epreailnr bed C 

-:, Motor~rs A 2824 Caterpillar 12 1945 I$$ A 5074 Caterpillar 212 1953 

' 

-I 

' ~ ' 

Pic~e 

Tractors and :f'rontend loaders 

Light d~ty trucks 

Medium and heavy duty truckE" 

Motorgrader 
Pic~s 

Tractors and f'rontend loaders 
" 

Light d~ty trucks 

Medium ~d heavy duty trucks 

Motor~rs 

PickUps 

Tractors and f'rontend loaders 
" 

A 5107 
A 6232 
A 6718 
A 3719 
A 4753 
A 4923 
A 61o6 
A 6580 
A 6926 

A 4579 
A 5433 
A 6oo2 
A 6217 
A 67ll 
A 68o1 
A 4299 
A 6300 
A 3230 
A 6787 
A 7120 
:A ·2050 
A 2319 
A 2914 
A 3639 
A 4352 
A 6632 

A 5129 
A 5477 
A 5498 
A 6203 
A 6326 
A 6330 
A 6904 
A 1313 
A 5863 
A 3552 
A 4179 
A 7127 
A 5501 
A 6359 
A 2836 
A 4353 
A 4354 
A 4628 
A 51'/6 
A 69119 
A 7276 

Chevrolet 3104 1953 
Ford FlOO 1956 
Ford FlOO 1957 
Case VA-1 1949 
Case D-1 1952 
I.H.C. FAA 1953 
John Deere 420U 1957 
John Deere 42oT 1957 
Ford 1958 

Iowa County 

I.H,C, L-162 1951 
Ford F6oo 1954 
Ford F6oo 1956 
Ford F6oo 1956 
Chevrolet 64o3 1957 
Ford F6oo 1958 
Ford F6 1951 
Ford 11600 1956 
Galion 102 1947 
Chevrolet 3104 1958 
Studebaker 4E3 1959 
McCormick-Deering 1939 
Minneapolis-Moline VII 1949 
Ford 6H021 
John Deere M-1 
John Deere M-1 
John Deere 420T 

I.H,C, Rl62 
I,H,C. Rl62 
I.H.C, Rl62 
Chevrolet 64o3 
I.H,C, S162 
Ford F6oo 
Chevrolet 64o3 
Oshkosh C-35 
Ford F800 
American BOOM 
Caterpillar ll2 
Ad.Bms 44o 
Ford FlOO 
Ford FlOO 
Hough I-6 
John Deere M-1 
John Deere M-1 
John Deere M-1 
John Deere 4ou 
John Deere 420T 
I,H,C, 24o 

1946 
1946 
1951 
1957 

Johnson County 

1954 
1955 
1955 
1956 
1956 
1957 
1958 
1934 
1956 
1948 
1950 
1958 
1955 
1956 
1946 
1951 
1951 
1952 
1954 
1958 

6 i't sickle bar 111Dwer, 0,34 cu yd loader bucket 
0. 75 cu yd loader bucket 
5 f't sickle bar mower 
6 ft sickle bar mower 
5 ft rotary mmrer 
6 i't sickle bar mower, 0. 29 cu yd loader bucket 

3,0 cu yd end dump bed, 3,2 cu yd spreader bed 
I@ 

M ~ >'--•-io '""' •--••• 3,9 cu yd end dump bed A @ 
5, 3 cu yd spreader bed A 
4.o cu yd end dump bed A 
4.o cu yd end dump bed /I 
2,0 cu yd end dump bed A ~ $ i 
~0 cu yd end dump bed C @ 

©® 

0. 75 cu yd loader bucket 
6 i't sickle bar mower 
6 rt sickle bar mower 
6 ft sickle bar mower 
5 :rt rotary mower, O. 34 cu yd loader bucket 

2 • 3 cu yd end dump bed, 3 .8 cu yd spreader bed @ 
3 .6 cu yd end dump bed ' 3,1 cu yd end dump bed A @ 
3. 5 cu yd end dump bed, • 5 cu yd spreo.der bod @ @ 
3,4 cu yd end dump bed ' 2 .8 cu yd end dump bed 
4.4 cu yd end dump bed, • 5 cu yd spreader bed @ @ 
2,4 cu yd end dump bed @ @_ ©@@ i~i spreader bed @ ® ®@ 

O, 69 cu yd loader bucket 
6 i't sickle bar mower 
6 ft sickle bar mower 
6 1't sickle bar mower 
6 i't sickle bar mower, 0, 33 cu yd loader bucket 
5 1't rotary mower 
6 ft sickle bar mower 

District and Dinsion 

Ll.ght duty trucks }/_ A 4694 Chevrolet 3809 1952 
"j/_ A 5490 I.H.C, 192 1955 
~ A 5495 Ford F6oo 1955 

Truck ~unted draglinee ~ A 4530 Schield-Bantam T-35 1951 .:u A 5228 Schield-Bo.ntam T-35 1954 
~ A 5229 Schield-Bantam T-35 1954 

Pie~& J/. A 5090 Ford FlOO 1953 
J/ A 6157 Ford Fl.DO 1956 

Elevating grader A 3296 Athey 1947 
Soil mixers A 3024 Seeman 1947 

A 4oo9 Seeman 1950 
Mudjacks A 4569 Koehring 502A 1951 
Self propelled rollers A 5428 Ferguson 152 1954 
Air c~ressore A 1234 Sullivan WK-60 194o 

A 3150 le PDi G2A 1947 
A 7447 Smith 75-P 1959 

1/ Sec l'n6• 3 tor 41:finiHon or "A" cqui]lment. "lJ Oi~ed letters indicllto roJJ.o,,ing nwrill.nry eqUipmont: 
@ 110\ll'-"VCel (lrj, VO • 

@ One--way plow, 

3/ Diatrict po.!.nt c...,,,. 
1IJ Ono uaed in cnch or th"" cont~l o.ret< counties-, 

I Acid tanks and epreyer 
Stake bed, lcydreulic tailgate, pump 
Stake bed, Jl",int trulks, paint sprayer, glass bead bin 
3/8 cu yd iu'o6 bucket 
3/8 cu yd dl-of! bucket 
3/8 cu yd ~ bllckct 

@ Vee plOv, @ Wing plow, @ Underbody blade, and 
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3. Inventory of vrorkload in the three-county control area 

Before starting comprehensive studies, the special study group made a 
detailed field inventory of all road sections in the three-county control 
area. The objective was to measure wrkload components for which State 
maintenance forces were normally responsible, In total, these components 
constituted the wrkload for each road section. Tu.ta obtained during the 
inventory were used to prepare strip maps which showed road-ways, drainage 
structures, right-of-way lines, intersecting roads and some culture. A 
typical example is sho'Wll in Figure 1. Summaries were also prepared which 
listed quantities of the various -workload components by State road section 
and study subsection. Table 3 shows these quantities for each section 
and county in the control area. 

t------ -------,-r-r-..----------10.0 

S\J6SECllO!l SO 

5ll6SEC:TIOll!40 

County CEOi>.R. 

Section 

,. .. 
r-. 1 

l
-.n: 
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L 
T 
I 

: 
' : 

~-.J~ ..,.., 
• 'I., .., . ,. 
t 

,. "' $ 
~ 
1 

'3 
,J 
0: 

C\n .. ,.,vATEO 

,,.. , > l 
_ ,.·,c,, ,- STI\TE - ::, 
I ? SlOCIC.Plll:5 ) : ....... - --:.: ~ 
I 
I I .,, 
I 
I 
I 
I 
I 
I 
I 
I 

·,t • 

"" ,. 
•• • 
• t 
t ... 
• 

• 'f 
'f .. ,. 

o 'f 
~n;rrrr 

'I 
't' .... .. .... 
'I 

Route IOWA 38, 

0 
0 
0 
5 z 
~ 
rJ) 

LI-
0 

>-
f-
u 

Sub-section 40 50 Sheet l~ Of 2'" 

98 

91-

9s 

Figure 1. Sample strip map prepared from field inventory data. 
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4. Distribution of labor and equipment time in the three-county control 
area by type of work 

Data obtained during the comprehensive studies were summarized to show 
the distribution of labor and equipment time expended in the control area 
by type of work or delay. Table 4 presents the results of this summary 
for the entire three-county control area while Tables 5, 6, and 7 present 
results for each of the three counties. These tables show how much effort 
was expended in the three counties by State maintenance crews normally 
assigned there plus effort expended by other State crews such as the 
District 6 paint crew. Time spent by State crews working outside the con
trol area or on city and county roads (reimbursable work) was excluded. 

Each fUnctional type of work is represented by an operation such as 
patch roadway surfaces with aggregate. These operations are listed under 
three main headings: overhead operations - undistributed, Direct oper
ations - maintenance of existing system, and Direct operations - new 
construction. The latter heading includes only work which was generated 
by construction or reconstruction projects on the primary or interstate 
road systems. The tenn detours indicates that traffic was being routed 
over existing county roads or city streets off the State system. Tables 
4 to 7 also list nonoperational major delays by type. 

As previously indicated, the special study accounting system included 
a group of operation accounts under the heading overhead operations -
distributed. The labor and equipment time charged to these accounts was 
allocated to all direct operations before preparing the summary on which 
these tables are based. 

Figure 2. State garage typical of those in the three-county control area. 



ROADWAY SURFACE AREA 

S_ect1on Length AIYr Portland B1tumi- Bitmn1- Bitumi-
County No, (Mi) (vpd) camont Brick 00\lB nous nous Gravel 

Bridge 

conc.rete (Sq Yd) overlay concrete eur:face (Sq Yd) deck 

(Bq· Ydi (Sq Yd) (Sq Yd) treatment (Sq Yd) 
(sq Yd) 

Cedar 01 11.37 825 17,180 . - 149,380 . - 3,765 

03 u.4o 4,320 12,725 . 148,245 - . . Bo 

o4 12.70 3,770 136,765 . 47,460 . . - 450 

05 13.75 720 - . 13,990 93,180 . -132,825 510 

06 13.17 1,965 89,420 . 21,335 43,380 . . 110 

07 14.10 1,210 165,185 . 1,865 - . . 575 

Detour 6.16 300 . - . . 7,125 83,855 135 

County 
total 82.65 1,965 421,275 . 232,895 285,940 7,125 ~ .690 5,625 

Io"" Cl 12.30 2,830 49,175 - 125,210 . . . 1,750 

02 13.02 3,985 1,430 - 177,540 - . . 235 

03 2.68 510 13,345 . . . - 20,485 650 

o4 22,JB l,275 87,700 4,580 145,270 . . - 1,455 

05 10.28 2,310 - . 107,175 - . - 2,800 

06 0.62 450 - . . . 7,030 - . 

07 13.77 1,255 3,090 - 4,185 175,570 - - 4,390 

o8 9.55 1.,1.Bo 24,800 - - 88,630 1,555 l0,250 3,325 

09 1.54 375 - - - 18,185 - . 3,645 

County 
total 86.1, l,970 179,540 4,580 559,380 282,385 8,585 30,735 18,250 

Johneon Cl 15.22 l,720 193,860 - - - . - l,235 

02 8.65 1,150 1,695 . - . 1.19,950 - 105 

03 12.73 3,095 70,680 . 109,255 - - . 105 

04 ,.23 10,820 84,370 3,470 - - - - 1,195 

05 10.27 3,600 149,680 - 29,025 - - - 1,990 

o6 6.09 550 . . . . 85,285 . 2,115 

07 1.23 885 17,670 - - - - - 135 

o8 0.79 635 6,145 . 2,295 - . - -
09 ll.00 2,670 1.17,305 - - . - . 630 

lO 13.27 3,815 154,485 - 39,160 . . - 1,365 

ll 13.75 1,690 160,420 - - - - - 1,270 

12 4.85 550 . - . - 27,530 37,800 1,130 

13 0.57 1,235 - - - . 8,775 - . 

State 
!'ark l.34 4oo - - - - - 44,385 -
County 
total 103.99 2,6cc 956,310 3,470 179,735 - 2,1,54o 82,185 11,275 

1/ All ahouldors vo.ra "baaico.Uy oc1l Md ood D..ltttough G(lllld b.nd. rcc:c1ved n.pp.lic-fttione of aggregate 
e.-nd[or b1t,~now, mix.ca. G~vel r:nu·tn.ecll roa.do ~N o.11a.umc!:d to hr;tve no ahoulde.n:. 

f HiUntAJnod 1n \/hole or pn.rt by city i,nd county !ore•• · 
Does oot include milbox turnouto, 11>1nta1ncc1 1n l)llr1' l,y ovncro. 

Ty Aro4 b!tw•n «Ii!•~ or ohou;tdcH Mel rle),1;-<>f-vny Un••· 
7if 'AN& vhi.ah maiutooa.neo crcn,n noJ'Ellal.ly t!lO'VCd 1nalu41ng 1thouldero but oxc:l.ud.1ng 

Gt.cop alopcn, mo.rah;)' a::r;eaa, etc. 
6/ Doe• not lJlclcwle retl00toro. 
'i/ Bo!.h cnbla Md bown t-ypes . 
'fJJ Some- roe.d enction11 VCl'C p,&rt.:14.lly matnt41ned by o1ty or county .fnl'('es under contract. 

However, tlbo Sta.to crov WIU3 re.sponaible for ltlfl,1ntena.nce of eigno a.n4 nign poota. There were 
J88 o1gn• <Uld 30~ •16n pooto on 8 .06 •Hes ot contracted l'QIWII Jn Jobno<>n County . 

TAlllJ! 

IllvE!lrORY OF WOHKLOAD Ill TIIREE·CO 

SllOULDERs AND APPR<)IICIIES 

Shoulder Inter- Drives 
Total a:roa. secting or 

(Sq Yd) y road,, entrances 
(Sq Yd) g/ "11 

170,325 117,560 38 106 

161,050 153,745 w 55 

184,675 123,245 35 58 

240,505 61,915 37 Bo 

154,245 73,960 4o 97 

167,625 96,110 3B 121 

91,115 2,715 13 62 

1,169,540 629,250 229 579 

176,135 106,500 26 91 

179,205 90,190 23 122 

34,480 7,6cc s 18 

239,005 206,475 69 142 

109,975 69,905 21 6o 

7,030 3,435 6 9 

187,235 71,825 42 110 

128,560 48,745 28 150 

21,830 6,985 . 7 

1,o83,455 611,660 220 709 

195,095 176,575 29 156 

121,750 22,285 16 103 

l80,o4o llB,005 2, 117 

89,035 67,795 13 44 

180,695 110,360 25 58 

87,4oo 25:,285 7 44 

17,805 6,170 12 16 

8,44c 4,820 5 6 

117,935 lOl,905 18 130 

195,010 157,230 20 78 

161,690 131,920 39 131 

66,460 6,24o 17 37 

8,775 4,180 3 5 

"4,385 . - 8 

1,,7,,515 932,770 228 933 



tmTY COll'l'ROL AllBA (8-17.59) 

ROADllAY AND APPROACH llRAINAGE STRUCTURES POSTS 

,, 
MoWed - Guard- -ROIi !lox --area area .8r1dgcs culverts Signe rail villwr y 21 and 

and P1Des Drop Spill- §I Guard-
Total 'Ji 1959.60 Sign Guide other (Lin Ft) (Acres) (Acree) bridge cattle inJ.ete w.ya rail (Lill rt) culverts passes 

-( 123.3 119.3 7 30 86 30 - 165 l.38 8 - 61 207 . 704 

85.9 84.8 2 14 74 5 . 133 118 134 . 90 342 - 15,137 

166.1 150.8 3 15 56 17 . 171 151 79 - 23 253 - 6,001 

120.9 118.8 2 33 84 12 . 163 144 123 . 1 268 . 9,606 

89.6 87.6 2 41 79 22 l2 226 179 177 110 55 521 1,100 18,534 

121.1 118.9 4 50 76 . 116 148 128 193 . 43 364 - 7,536 

28.5 13.4 1 7 50 . - 103 79 8 - 61 11+8 - . 

735.4 693.6 21 190 505 86 12B l,109 937 722 110 334 2,103 1,100 57,518 
I 

112.4 lll,3 3 29 65 2 - 166 11+8 129 26 89 392 26o -
82.0 73.0 1 53 68 1 - 234 200 112 - 154 466 - 2,988 

19.6 17.7 1 5 16 2 . 28 22 17 - 2 41 - -
143.8 139.2 6 76 127 1 150 289 232 21+8 - 199 679 - 22,637 

100.8 93.7 6 33 44 3 64 162 144 129 - 219 492 - 8,406 

2.1 2.0 - 3 10 - - 32 25 2 - 5 32 - 488 

127.6 126.3 6 4o 71 . - 24o 222 50 . l20 392 - 4,437 

84.1 76.8 5 16 115 2 - 225 199 27 - 85 311 . 2,043 

30.1 30.1 1 - 6 . - 15 12 2 . 11 25 - . 

702.5 670.1 29 255 522 17 214 1,391 1,204 716 26 884 2,830 26o 40,999 

177.5 153.0 5 27 149 1 21 100 98 44 - . 142 - 2,903 

31.7 27.1 l 10 108 2 - 99 87 38 - . 125 - 12,881 

96.5 87.7 2 39 110 4 - 197 184 70 8 37 299 Bo 6,742 

26.4 25.2 1 7 4o 23 . 146 132 9 66 - 207 858 -
144.5 141.6 3 15 7B 13 1 94 88 20 . 21 129 . 2,100 

74.3 71.9 2 10 29 - - 56 52 23 - - 75 . -
4.5 2.2 1 1 6 14 6 41 30 114 21 - 165 200 252 

2.6 1.8 - 1 10 - 2 12 11 - . - 11 - -
82.6 52.3 4 25 87 l 4o 118 109 169 - - 278 . 4,605 

182.8 155.7 1 28 105 1 - 114 99 39 1,117 22 1,277 14,521 -
145.3 128.1 6 36 113 7 1o6 11+8 134 216 1,327 - 1,6'77 13,270 2,224 

43.0 39.6 l 5 23 . - 63 54 188 451 - 693 5,863 861 

4.4 1.7 - 2 9 2 . 22 17 . - - 17 . -

. . . . 3 - - 25 22 79 - . 101 . -
1,016.1 887.9 29 206 870 68 176 ~ 1,235 ~ 1,117 1,009 2,990 Bo 5,196 34,792 32,568 
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5. Distribution of labor and equipment time in t he t hree-county control 
area by selected road subsections 

As previously indicated, labor and equipment time was classified accord
ing to location of worksite during comprehensive studies. For direct op
erations, worksites were identified by county, State road sections, and 
for certain kinds of work, by study subsections. Overhead operation work
sites were identified only by county. The labor and equipment time for 
distributed overhead and direct operations which had not been charged 
originally to study subsections was allocated to these subsections. Next, 
study subsections were classified according to rural or urban location, 
principal surface type, period of most recent surface construction, or re
construction, and average daily traffic (Am) Subsections which were not 
reasonably homogeneous or which had special factors influencing mainte
nance were excluded at this point. Most of the exclusions were for the 
following reasons: (1) principal surface type accounted for less than 
90 percent of a subsection's surface area; (2) subsection was a detour 
over county roads; (3) maintenance of most items in subsection was con
tracted; and (4) subsection was maintained by State crews for less than 
a full year during the study period. 

Similar subsections were grouped according to one or more classification 
factors. The data for each group were averaged to determine labor and 
equipment time expended per mile for each operation. Table 8 shows the 
basis of classification for each group, total length of subsections in the 
group and average workload per mile as found during the field inventory. 
Note that there is a wide variation in the number of miles of road in
cluded in each group. Also, classification factors do not take into ac
count all of the variables affecting maintenance. This would indicate 
that differences between subsection groups for average labor and equip
ment time per mile should be evaluated carefully and perhaps considered 
as trends rather than actual differences which might be applied over the 
entire State primary system. 

Table 9 provides a summary of labor time charged to major groups of 
direct operations for each road subsection group while Tables 10 to 46 
show a more detailed break.down of labor and equipment time for each road 
subsection group. The time shown includes allocations of distributed 
overhead as indicated above but does not include any part of undistributed 
overhead operations. 

If the reader should desire to make an allocation of undistributed over
head operation charges to other accounts, it can be accomplished by sev
eral means. One way would be to use labor time as a base. This can be 
readily done by using the following rate table which indicates the amount 
of labor o'.r equipment time that would need to be added to the respective 
labor and equipment groups in Tables 10 to 46 for each hour of labor time 
per mile shown in these tables. 

labor .......................... . 
Ll.ght duty trucks ••••••••••••••• 
Medium and heayY duty trucks •••• 
Motorgraders ••••••.••••••••••••• 
Draglines .... . .. . .. . .. . ........ . 
Pickups ........................ . 
Tractors and front-end loaders •• 
.All other ...................... . 

0.371 hour/mile 
0.009 hour/mile 
Negligible 

11 

11 

0.055 hour/mile 
0.003 hour/mile 
0.003 hour/mile 
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G, 

TAlllB 34 

IABOR AND E"1)ll'MEN'l' TIME CBABlED TO DIRECT OPERA!rIONS ON SEIECTED ROAD BUBSl!CTIONS IN Tll!UlE-COUllrt CONTROL ARBA 
(INCLUDING DISTIIIBUl'Ell OVEIUEAD) 

Group25: ~ 
- Time :1n hours per mile -

Medium 
Light and Motor- Drag .. Direct operation Labor duty heavy graders linea Pickups 
tr1.&oka duty 

truck■ 

Routide aurfe.ce: 
L Patch roadway eurfacea with aggregate 10.6 5,1 .5 1.5 .1 .4 
2. Patch road.way aurface■ with bituminoue cold 1:11.x 14.2 6.J ,3 .6 - , 5 
3, Patch roadvay aurfacea vith bitw:ainoua hot mix 5.2 2.5 .4 - - ,2 
4. Blade gravel aurfacea 2.4 - .1 2.0 - -
5. Fill Joints and era.eke in road:wy 1urface1 .9 .4 - - - -
6. Clean or drain roadway aurfaces _.:1 __ .2 _ - - - __ .1_ -- --- --

Subtotal. 33.6 14,3 L3 4,1 .1 L2 

Special aurface: 
1. Mldjack concrete pavements Ll .6 ,1 - - -
2, Rebuild gravel surfaces 4.4 3,4 .6 .1 - ,l 
3 , Seal bit\Dllinous and concrete pavements 13.1 6.7 .6 - ,l .3 
4. Resurface with bituminous mixea 5.6 2.~ ,5 LO - ,l 
5, Plane or roll bituminoua pavements 1.1 .2 .1 ,3 - ,2 
6. Rebuild aggregate bue courses _._5 __ .2_ - - __d,_ __ .l_ -- ---

Subtotal. 25 .6 13.6 2,1 1.4 ,2 .6 

Shoulder and approach: 
1. Patch ahoulden and approaches Yith ■oil 2.4 l. ,3 .1 .4 - -
2. Patch ahouldera and approachea vi th agg:repte 5.0 2.6 .1 .1 - .1 
3. Patch 1houldera and approaches vi.th bituairl.ou1 cold ail!: 3,5 1.4 .3 .2 - ,1 
4. ReHe:d or reaod, sbou1dera and appro&Chee .1 - - - - -
5, Bl.ad.e or reahape ahou.ldere and approaabH ..2.:£ -- ,1 .6 - ---- .6- --

Subtotal. 12,0 5.3 1.3 - .2 

Rol!ldlide and drainage: 
l, Repair cut and f'Hl alopea 1.0 ,5 .1 - . 1 .1 
2. Repair or replace pipes and tiles 1.0 .4 - - .1 ,l 

t Clean pipe a, tile a and box cu1 verte .6 ,3 - .1 -
Clean or repair unpaved drainage ditchea 5.4 2,3 - - .9 ,9 

5, Clean paved flume a, gutters and drop inlets .1 - - - - -
6. Repair atone riprap ,9 .4 - - - -
7. R&movo troe■ rr"O'JII !'OW 14n .2 .1 - - - -
6. K>v ro11111d.H vith tractor (i nalud.loa 1houldere) 19.7 2.9 .1 - - .9 
9. Mov road.aides with hand tool.8 (1.nclud.1.ng sbou1den) 2.4 1.2 - - - ,1 

10, Spray veeaJI on roe.d&ide■ 2'2. --=-2.... -- - - __ .2_ - -- --
Subtotal 3•.0 9.0 .2 - 1.2 2.3 

Snow and ice: 
L Remove anov from roadway eurraaes and ■bould.ere 41.6 16.0 5.7 5.3 .2 2.6 
2. Remove anov from bridges LO .4 .1 .1 - .1 
3, &Net ,nov feuce■ 10.3 4.3 - - - .3 
4. Remove anov fences 6.6 2.4 - - - .4 
5. 8an4. roaclvay aurfacea 9,4 5,4 . 4 - . 2 .4 
6. Salt roadway surface■ 4 ,5 1.8 ,3 .4 - . 2 
7, Remove ice from roadway- au.rf&ces and shouldera 3.4 1,4 .6 - - .2 
6. Remove anov and ice from drainage di tche1 ,7 ,3 - - - ,l 
9, Put out and remove cinder barrels __ ,7 __ ,3_ - --- -- -----

Subtotal. 76.2 3•-3 7 .3 5.6 .4 4.3 

T'raffio service: 
l, Paint centerlines and edgelinea on pave11nnta 5.0 ,7 ,1 - - 2,2 
2, Paint bridge end walls, medians, and miacellaneoua pavement markings 1.2 .4 - - - .1 
3, Erect, .replace, repair or paint l!ligna and guidepo■ta 4 ... 1,7 - - - ,9 
4. Clean alp and reflectors 1.3 ,5 - - - ,2 
5, Remove or paint guardraila __.!2 _ _ .2_ - - - __.1 _ -- --- --

Subtotal 12 ... 3.5 .1 - - 3,5 

Other. 
L Clean or repair b rJ,dgco ,7 .2 - - - -
2. Re110vo Utte.r trom. rigbt-ot-vay 1.9 .6 - - - .1 
3, Miacellaneoue vork resulting from mainteo&nce contracts L6 1.2 - .1 - .2 

"· M1ecellaneoue Wrk reaul.tlns from construction contracts !/ -2.:..!!. __ .7_ _ _ .1_ _ ._5 _ - _,2.,_ --
Subtotal. 6.8 2.9 , l .6 - .6 

---
TOtal 203 .0 82.9 11.7 13.2 L9 13.1 

!} Some a~ctlons were wholly or partially under conetruction during part of the study period. 

Traaton 
and All 

rrontend others 
load.ere 

.6 .2 
, 5 .6 
. 6 2.5 - -- ,2 
- ---- --

L9 3,7 

.l .2 
- -
.6 3,3 

1,2 2.2 
.2 .2 
.1 __ .1 _ 

2,4 6.o 

- .2 
,2 ,2 
,3 .4 
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.7 -

.3 -
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- --- -- --1.9 -
- ,7 
,1 .1 
- ,1 
- -
- ---- --,1 ,9 

- ,l 

- -- -- .1 ---- .2 

Z5,7 12.7 



TABIB 35 
LABOR AND EQUIPMENI' TDiE CBA.roED TO DIREC'l' OPERATIONS ON SELECrED ROAD SlJBSEC"I'IONS IN THAEE-COUNI.'Y CONI'ROL AREA 

(INCWDING DISTRIBl1l'ED OVEBHEAD) 
Group 26: ~ 

- T1,ne in hours per mile - y 

Medium Tracton 
Light and !«>tor- Dreg- ond 

All 
Direct operations Labor w,ty heavy gnden lines 

Pickups frontend other trucks w,ty loaders 
tru.cka· 

A. Routine surface: 
1. Patch roadvay surfaces vi th aggregate .7 .4 
2. Patch rosdvay surfaces vith bi"b.lll.inous cold ..ix 39.3 19 .7 .5 .4 .1 2.5 .9 1.3 
3. Patch roadway surfaces ll1 th bi twainoue hot II.ix 1.6 . 5 .2 
4. Clean or drain road.Vay surfaces ~ ---...,2_ -- --- --- --- --

Subtotal 43.8 21.5 -5 .4 .1 2.7 .9 1.3 

B. Special surface: 
1. M:ldJack concrete -pavements .8 .5 -1 .l .2 
2. Seal bit\Dll.inoue and concrete pavements 26 .1 16.3 1.6 1.1 .l .5 2. 0 7.7 
3. Resurface vi th bi tum1noue mixes 11.3 6.1 1.2 .2 l,J 2, 3 
4 . Plane or roll bi tum1noue pavements ----~ __ ._5 -- __ .2 _ --- --- --

Subtotal ]8.6 23.4 1.7 2.5 .1 .7 3.4 10.2 

c. Shoulder and approach: 
l. Patch shoulder& and approaches vi th soil 4.2 2.4 .8 .1 .6 
2. Patch shoulders and approaches vi th e.ggragatc 8.3 4.o . 2 .5 ,2 .3 ,J 
3. Patch shoulders and e.pproaches with bi tu.minoue cold mix 5.5 2.J -5 .2 .1 ,3 ,6 
4. Reseed or reeod should.ere and approe.ches 5.2 2.3 ,l 1.2 .J 
5. Blade or reshape shoulders and approa.chee ...1.:1. __ ._2 _._2_ ~ -- ,1 __ .6_ --Subtotal 25.9 11.2 -9 J,0 -.-6- 2,4 l.8 

o. Rood.aide and d.raioage: 
l. Repair cut and fill elopes 6.o 2.2 -9 .l 1.0 
2. Clean pipes, tiles and box culverts 10.4 J.6 1.4 1.3 1.5 2,2 
J. Clean or repair unpaved drainage ditches 5.8 2.0 .2 -5 .6 .6 ,8 
4. Clean paved flumes, gutters and drop inlets 4.5 1.7 .4 
5, Repair stone riprap . 3 .2 
6. Remove trees from road.aides 4.2 1.8 ,1 
7, Mc,w roadsides vith tractors (including shoulders) 12.2 .4 .2 10,3 
8. Mov road.eides vith band toole (including shou.ldera) .3 ,2 
9. Spro,y YO~ OD roa411d.H _._2 -- -- -- __ .l_ -.:.!... 

Subtotal 43.9 12,l .2 2.8 1.9 2.9 14.4 .1 

E, Snow WJd ice: 
l. Remove snow from roadvsy surfaces and shoulders 43.0 21.2 4.2 7 .6 . ] 2.3 .5 
2. Remove snov from bridges .8 .2 .l .2 
3. Erect snm,. fences 1.7 .5 
4. Reoove snow fences 1.0 .3 
5. Sand roadvay surfaces 7 .2 4.o .J .2 ,3 .6 
6. Salt roadway surfaces 5.2 2.3 .1 .9 .2 .4 

t Remve ice from roadway surfl!Cea and shouJ.dere ~-~ 2.4 1.0 ,3 .l 
rteiwve enow 11.Dd. i ce frorP cin.inB6e d.ii;chea ,.o .5 .. , 

9. Put out and re110ve cinder barrels _._2 __ ._l -- --- ---
Subtotal 68.o 31.5 5.6 8.6 .s 4,6 l.6 

F, Traffic service: 
l. Paint centerlines and edgelinee on pavements 5.7 .6 2.8 ,9 
2. Paint bridge end.val.le, medians and miscellaneous pavement markings 6. 3 .9 1.6 .1 1.1 
3. Erect, replace, repair or paint eignl!I and gl,lidepoete 11,1 4.0 2,6 
4. Clea.n signs and reflecto:n, ~ ____!_:_l - - --- ~ 

__ .1 _ _ .1_ --Subtotal 27,l 6.8 8.o .2 2.1 

G, Other. 
l. Clean or repair bridges ,l .l 
2. Re~>Ve 11 tter rrom right-of-It&)' 2. 3 .7 . 2 
3, Miscellaneous vork reeul ting fro■ mainteb61lc:e contracts 10 .1 6. 3 1.2 ,8 .1 
4. Miecellaneous wrk resulting fro.11. construction contracts ~ 

__ ._2 ___:_L --- -- ---Subtotal 13.7 7.3 1.7 .8 ,1 

Total 261.0 113.8 8.9 17 .3 2.6 21.2 23.7 15.6 

!} 26.7 percent of tbe mileage: was four-lane bighvaya, 
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IAB)R AND RQUIPMEm TlME CHARGED TO DIRECT OPERATIONS ON SEIECTED BOAD S\llti1l7l'IONS ID TlmEE-COUN'l'Y CONTOOL AREA 

(INCLUDI!fil DI6'l'Rllll1l'ED Ol'EIUIIW)) 

0ro141 27: W. ~rtlo.n4 CICll:IOnt concrete eurfa.ces 

- Time 1n boura per mile - y 

Medium Tractors 
Light and fibtor- Dras- and All 

Direct operation Labor duty heavy ...... ,.. line■ Pickups frontend othen 
t?Ucka duty load.en 

trucks 

A. Routine aurface: 
L Patch roadway aurfacea vith aggregate .1 
2. Patch ro&dwy ellrfacea vith b1tu.minoue cold mix 12.9 5.6 .2 .1 .8 .! .3 
3. Patch roadway surfaces "'1th bi tuminoue bot mix .2 ,l 
4. Fill Joints and era.eke in roadway surfaces L8 .7 .3 
s. Clean or drain roadway eurfacee LO ---=..L .1 -- .2 

Subtotal 16°:o 6.7 --. 2- --.2- 17c --.-2- -.-6 

B. Special aurfaces: 
L Mud.Jack concrete pavement& L5 .8 .1 .1 .3 
2. SeGJ. bit\binous and concrete pavmnents .3 .2 .1 .1 
3. Plane or roll bituminous pa.vementa ____:l -- -- - -- -- --- ---

Subtotal. L9 LO .2 .1 .4 

c. Shoulder and approe.ch: 
L Patch ahouldera and. approaches with soil 5.5 3.0 .2 .9 .1 .1 ,5 
2. Patch shOl.llM.1"'11 ~ •PP.roaches vi th ~got• 7 .4 3.6 ,l .2 .l .l .3 ,l 
3. Patch shQI.Ll.don Md I\J')9TOache11 v.ith bl.tuaJ.naus cold mix 5.3 L9 .5 .2 . l .5 ,6 
4. Reeeed or ruod. ahoul.dt:N and o.pproaahca l .O .4 .2 ,1 
5. Blade or reshape ahoul.den and approaches ~ 

__ .l_ __ .l_ Ll -- --- __._1_ --Subtotal. 20.5 9.0 .9 2.4 .l .3 1.2 l.3 

D. Roadside and drainage: 
l. Repair cut Gild fill elopes l.8 .9 . l .l ,2 
2. Repair or replace pipes and tiles .7 .3 . l ,l 
3. Clean pipes, tiles and box culverts 2.8 Ll .2 .2 .3 .4 
4. Clean or repair unpaved drainage ditches 3.3 l.3 .1 ,5 . 4 
5. Clean paved n.umes, gutters end drop inlets . 6 .2 .l 
6. Remove treee from roude idea .8 .4 
7. Maiv ro&hidec vtth tractor (1nel114.1n4 elloulbn,,) 23.5 3.3 l.l 21.8 .1 
8. Mow roo.d.lides W':1 th hlPJ'l4 t ools ( in.duding shQU.lders) l.7 .7 .l .l 
9. SPXt\Y Wl:llds on n,e,ds l~H 2,4 ___:2_ -- __ .l_ ___:..L .9 

Subtotal. 37-6 9.1 --.4- ---:s 2.3 22.8 ~ 

E. onow and 1ee: 
l. ReDlOve snov f'rom roadway surfaces and shoulders 44.3 18.2 6.8 5.9 .3 2.6 .5 
2. Remove snov from bridges . 6 .2 .l 
3. &roc:t. •nov fencH 8.9 3.6 .3 
4. AM'JDYO IO.OV (ellt!Y 5.8 2.l ,3 .2 
5. Sand roadway surfaces 7.6 4.l .J .2 .4 .7 
6. Salt roe.d.wsy surface& 5.7 2.2 .5 .5 .2 .4 
7 . Remove ice from roadwy surfaces and shoulders 4.l l.6 l.2 .2 
8. Remove snow and ice from drainage di tche11 l.7 .6 .3 
9. Put out and remove cinder barrels l.l ~ -- ,l --subtotal 79-8 33.1 7f:a 6.4 .5 4T ----r:e-

F. Tnlffic service: 
L Paint centerlines and edgelines on pavements 5,0 .6 .l 2.5 .7 
2. Paint bridge endvalls, mediane and miscellaneous pavement markings 2.4 .6 .4 .l . 3 
3. En:ct, replace, repair or paint sigru; and guideposts 5.5 ~-9 l.3 
4. Clean aigns and guidel)Oats l.l .J .3 .l .l 
5. Remove or paint guardrails ~ __ .J_ -- __ .l_ -- .l --- --Subtotal. 14,9 3.7 ,2 4T .2 l.l 

c. Other: 
l. Clean or repair bridges .3 .l 
2. ReIIX)ve litter from right-of-way 2.4 l.O .l 
3. Miscellaneous work resulting rr-o:a maintenMce contracts 2.9 L9 .5 .l 
4. Miscellaneowi work resulting fraa construction contrsctJ, g/ 2:1. ~ -- _._1_ -- _._9_ --Subtotal. 8.3 J.9 .1 l.5 .l ------ ---.-----------

Total 179 .0 66.5 10,l 9.7 l.4 14.2 26.4 4.4 

?j 4.2 petttrfl.t or tba llUIO.glil vaa \-lane diY!&!d ~...,.. 
-g/ Soroc Hi:-Uoni:; VON! """°U.)I' o r pnrLlal.l:, ur1W!·l" conotn:cition during pnrt of the study period. 
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IAllOR ADD EQUIF>\Elfr TD!E C- TO l)JJQ:C'f Ol'tAAfiO!IS 011 S1!IECTED ROAD SUllSECTIONS DI THREE-COUNTY CONTROL AREA 
(mJtllllllll DUmlIJlllED OYBIUlBAD) 

Oro~ 28: All bi.t\ainold ov,rda.z 1urflli::u 

- Time in hours per mile -

Medium Tractors Light and 
Dir&ct operatic)'> Labor duty heavy !«>tor- Dr11.g-- Pickups and All 

b\leu 411ty 
gnden lioea frontend othen 

trucks load.en 

A. Routine eurrace : 
L Patch %0&dvay surfaces rlth bituminous cold nUx 5.5 2.6 ,l ,l .8 
2, Patch roadway eurfacea with bitlllllinoua hot mix 17,l 8,2 1.5 .4 2,2 8.5 
3, Fill joints and cracks in road.vay eurf'acea ,1 
4. Clean or drain roadway 1urfacea _._4 __ .1_ __.1_ 

1.6 --- -- ---Subtotal 23.1 10.9 .6 2.2 9,3 

B, Bpeei&l surface: 
L MJ.d)flGlt ccne.nil.4 9A\fUlllntl 1.5 ,9 ,2 .l ,J 
2. seat 'o.lt.~UI- end aonGmte po.ve:ont.a .7 .4 .1 .2 
3, Plane or roll bi twninou1 pavements ....!.:!?. __ .2_ -- _._5_ -- _._3_ --- --Bubtot&l 3,2 1.5 ,3 .5 .3 ,1 ,$ 

c. Shoulder and approach: 
L Patch ahouldeni and approachH vi th eoil .4 ,2 
2, Patch ehoul.den and a,pproache■ vith aggregate 5.6 3,3 ,l ,1 ,l . 3 .4 
3, Patch ehouldera and e.pproaahH v1 th bi tuminou1 cold mix 3,3 1 -4 .3 ,3 .l .2 .4 
4. Blade or re■hape aboulden and approaches ~ .4 __ .I_ --- __ ._7_ 

~ --:a -- --.8-Subtotal 10.9 ,7 . l ,2 1.2 

D, Roadaide and drainage: 
1. Repair cut and fill ■lopes 1.6 ,7 ,2 .1 .1 ,l .1 
2. Repair or replace pipes and tile■ 1.2 .5 ,l .1 .l ,2 
3, Clean pipe■, tile a and box cu1 verta .6 .3 .1 
4. Clean or repair unpaved drainage ditche1 11.l 4.6 .1 2.0 2.3 
5. Clean paved. nu.au, sutten, and. drop inleta ,2 .l 
6. ~lr 1tcne ripffl;p .5 ,2 ,1 .1 
7. tb" J:'014114.H vtUi tnotor (ineludJng 1boU.14cr1) 19.4 2.7 .8 17.7 ,l 
8. )l:)v roablc!H vi.th bGn4 tools (locl.uds.ng abouldera) 3,9 2.1 .1 .l 
9, Bpnt.y Wed& OD roadaidea __.u __ .5_ -- --- -- --=..L __ ._6_ __ .8_ 

Subtotal 41.0 11,7 .4 .l 2,3 4.~ 18.6 1.0 

!, saav u4 toe t 
1. Rea:>ve anov :fTom read.way aurra.ce■ and ebouldera 42,9 20,2 6.o •.1 .2 2,8 .5 
2. Remove anov from bridgee l.3 .5 .1 .1 .l 
3. Erect ■now fen~e• 12,5 5.2 ,3 
4, R~ve ■DOY fencea 7 ,6 3,0 .3 ,2 
5. 811Dd ro"4,Vlly au.rfe.ce■ 8.6 5.B .1 .2 .4 .4 
6. Bal t road.way ■urtace■ 6.5 2,7 .3 ,3 ,3 .4 

I: Ramove ice from ro&dvay aurfacee and shoulder■ 2,8 l.5 .4 ,2 .1 
Reiilu11-.- ioo• ~ !;:;;;: :':'om drairui.;;c :!1~?::~e ,2 ,l 

9. Put out and re110ve cinder barrel" .4 ,2 --Subtotal 82.°8 ~ ~ ~ -:;;- -u-- ----,-y 

F. Trl!l.f't'ic aervics 
l. Paint oenterline■ and edgelinea on pavement.a 5.4 .4 .2 2.3 .8 
2, Paint bridge e!ldvalle, med.lane end miecellaneoue pavement markings 1.0 ,3 ,1 ,l .1 
3. Erect, replace, repair or paint sign■ end gUi4epoata 5.6 2.3 1.0 ,1 
4. Clean aigne and renectore 2.9 1,3 .4 
5, ReDCve or pa.int guardrails _..:! --- --Subtotal 15,0 ----w- --.2- 3T , l LO 

G, Otber: 
1. CD..cao or re])&l'l" brldgea 1.4 ,5 ,1 .2 
2. Reaove litter 1.9 ,9 
3. M1ace11'11.l(NI work re■ul ting t'rGII maintenance contra.eta 1.8 1,1 . 1 
4. MiecellMO'OOB vork re■ulting t'fOII conetruction contracts ij __ .2 ,1 -- --- .1 ---Subtota.l 5,3 -rr -- -.-3- --.2-

Totel 181.3 75.1 10.2 6.4 2,8 13.7 23.8 12,8 

!/ SOlllll section, vere partially under construction for abort periods of time. 



TABLE 38 
LA1lOR Alfll EQummT TlME CJIARGEI) TO DIRECT OPERATIONS c>H liE1..\:lm!D RclAD SUESECTIONS Iii Tllll!!!·CCUM'Y COIITROL AREA 

(IIICLIJllIM Dlm'Rlll11Zll 0'1l11111W)) 

Group 29: All bit\llJ.nOw, 2!!!:ti a.11 IUJ:"1hcH 

- Time in hours per mile -

Medium 
Lii!bt and Tracton 

Direct operation Labor duty heavy J.btor- Drag- Pickups ad All 

truckll duty Gradara linett rrontend othen 
trucka loader. 

A. Routine aurface: 
1. Pa.~b ro•~ si.art"MH v1th aproe:au 6.8 2.2 2.1 . 2 ,2 
2. Patch rodva.y s1.1.r(M1ol vi.th 'b1lw&in-oua cold mix 9.7 4.o .4 .1 .9 .5 . 3 
3. Pat.ch rot4-va)' aurtac.n Vl 'UI b1·tUalnoua hot mix 1.9 ,9 .1 .1 . 5 
4, OlcM or d.raln rcwt•y 1u.r-t.aaa,, _____:l -- -- - - - -- --- - -- --

Subtotal. 18.5 1,1 2.6 .1 1.,2 ., .8 .. Speeial •urface: 
1. sool. bltmiJ.noue OM. cOMrote pa.vements 30.9 16.9 .8 .1 ,7 e.6 7,6 
2, Ruurr.c-o vtth M.baelnoH al~• u.3 4,2 1.1 2.2 .2 2.5 4.9 
3. Roll or plane bituminous pavements 1.2 .1 .o .2 .1 
4. Rebuild &ggreg&te bNe counea 2., _...!!!.. ,1 __ .2_ _.5_ _._6_ ___;L ___:]_ 

Subtotal 46.1 22,4 ~ 2,4 .6 1.5 5.8 12.9 

C, Shoulder and approach: 
1. Plllitch ahou.ld.en and. ft'PJ!~hea with agar.gn.to 1.6 ,9 .2 
2. Pa:t,:,ll sbOul dera W. approaches vith bltualnoua cold mlx .6 -~ ,2 
3. :BlA4w or n:sh&pe •kou.liten and a.pproacbe1 _:! -- -- --- -- --- --- --Bubtotal 2.3 1.3 . 2 .2 

D. Road.side and drainage: 
1. Repair cut and Cill slop«ia .7 .3 .1 .1 ,1 
2, Repair or replace pipes and tilH 1.4 .6 .1 .3 .2 
3. Clean pipea, tile■ and box culvert■ .2 ,1 
4. Clean or rop111r 1mpaved draia.l\go di tcbe■ 3.2 l.• .1 . 4 -~ 
5, Clean pavo4 n.u.e., gu,tterB (1114 drop inleta .4 .2 
6. Repa,11' u .one riprap 4.2 2,0 .1 .1 .7 .7 
7. Remove t~ea from roads idea .4 .2 .1 
8, M:l-Y rodll~■ vU.h in.ct.or (including ■bould.cn) 17,9 2.7 .4 ,5 15.8 .1 
9. ~v rcadlldu ,,u.h hMd tool• (inaludin3 1bowdere) 2.8 1.4 .2 .1 

10 . 6pn.y v-eW on. road.11.d.r.a ~ _!_:!_ - - --- -- --- __,l,_ _.9_ 
Subtotal 33.7 10.0 .8 .1 .6 1.6 16.8 1.9 

E, Snov and. ice: 
1. Remove 1nov from roadway eurfacH and shoulders 39.2 18.:i. 3.9 3., .2 2.5 .7 
2. RemoYe IIDOV from bridge, 1,8 .6 .1 .3 .1 
3. Erect enov fences 2.5 1.1 .1 
4. 'l«:iov, ,nov Co(}QH 1.5 .6 .1 
5. SUld road.way eurfacH 15,, 8.8 . 9 .3 .7 1.3 
6. Salt roadvay 11urf&eH .5 .2 .1 
7. Remove ice from road.WRJ' surface• and 1bou.ldeni 3.7 .9 1.1 ..J. .3 
8. f\,e.DOve enov and ice rt'OIII drslnag■ ditche1 ,3 ,l 
9. P\4t out and n,:iovo c1a4er be.rrcrb _ ._2 __ .1 _ -- --- - - --- - -- --

Subtotal 65-~ 30.5 6.o 3.8 .5 3,9 2,0 

F. Traffic. eervice:: 
1. Paint conterUna t\.0d. cdatl.inea on povt:a,n~ 6.4 1.i. .1 2.4 1.1 
2, Pe.int br-Jd.a;o 4104,\l'Al.l.1, actlhna, ~ Dll■aol.l.llln~• pa.vellll!nt markings .7 ,3 .1 
3. Erect, N})lM-11, NP&.lr or Jlaint • ·1sn1 a.nil gu.ldepoete 3.9 1.7 LO .1 
4. Clean elgna Md. nfucto·n _!.:.Q. _._6 -- --- - - __ .l_ - -- --

Subtotal 12.0 4.o .1 3.6 1.2 

a. Other: 
1. ClellD or repair bri~ee .8 .3 . 2 
2. Rell):)ve litter from right-of'-"WB.y ~ ---!2.. -- --- -- --- --- --

Subtotal. 1.8 .8 .2 --- - -- ------ ------ - - --
Total 179,8 76.1 12.1 6.4 1.7 11.8 25,5 17.2 



TABU! 39 

IAl!OR 8D E~ TIME Cl!AlmD TO DIRBCT 0l'ER.U'I0IIS Olf /ll!U!C'l'Ell ROAD SUBSECTI0IIS Ill TIIIIBE·C<MlrY C0NrROL AREA 

( l!ICLUDIIG Dllll'RillO'l'I! <m!HIIB.II)) 
0roUD )0: All bltU.1.oolll treot4d. •ur.fscea 

- Time 1n hours per mil• -

Medium 
J'ncto111 Light ond r,t;,tor- Drag- end All Direct operation Labor duty heavy grad.ere liDH 

Pickups f'rOntend otben trucks duty load.era trueks 

A. Routine surface: 
l. Patch roadway surfaces vi th a.ggregate 81.9 32.6 .l 20.0 l.l 2.1 6.9 3.0 
2. Patch roadway surface• with bitu.minOue cold mix ~ ~ _!.:.!... .....J..:L .....:.!... __b!!__ ---1..:L __g_ 

Subtotal 18,.6 78.1 1.2 27.7 l.2 3,5 12.7 9.2 .. Special IUJ::(IOt: 
l. 8~ ldt\.mlnous &nd concrete p&on.mtts 120.7 62.0 8.9 1.3 .7 2 .~ 5.7 31.3 
2. Resurface with bi tum.nous mixes 58.1 29.1 3.1 8.5 .1 -9 10.7 19.7 
3. Plane or roll bituminous pavements ..J!.:l -2:..L -- .......l!£... l .l .......!..:.L 2!L 

Subtotal 187.1 93,4 12 .0 12.8 .8 4.2 18.3 52.9 

c. Shoulder and approach: 
1. htob abOlal.dc-rs and e.pproachea vith a-g:re,gata s.8 .8 
2. Pat.oh shO\lldare and approache■ vith bt~ooua cold mix 4.6 2.2 .1 .1 .1 .5 
3. Blade or reahe.pa shoulders and approaches l.O __ .2 _ __ .2 _ _,2_ -- --- --- --Subtotal -:;-:-;; 3.2 . 2 .6 .1 .1 -5 

o. Roadside and drainage: 
1. Clean pJ.,e•, Wn ILM box culvert.a ·" .1 
2. Clun or repllr unpo;ffd: d.n.1nogo 4itchct 2., .8 .2 .1 .8 

l: 1tlv 1'0Maide■ 1 "1th ~nctor (inclu.dJ.ug abou.lden) 2.8 2.3 
Spray veeds on roadside• ~ --'2.... -- --- -- -·-·- ____:J_ __ .8_ 

Subtotal 7.6 1.4 .2 .1 .4 3.8 .8 

E, Snov and ice 
1. Relll:lve anov from roadway surfaces and shoul.deru 35.5 18.5 2.3 5.7 -3 1.7 .4 
2. Erect snow fences l2.l 5.3 ,2 
3- Remve anov fences 10.0 3.1 1.6 .7 
4. Sll!ld roadw.y aur1'acea 10. 2 ,.8 ,3 .4 .8 
5- Silt rold.wa.y ■u..rrac:c-1 2.2 .9 .7 .1 .i 
6. 99:love 1ao r,,_ road.way surfaces and should.era ...B. 2.2 __ .3_ __ .2 _ --- --

Subtotal 73-7 3".8 2.6 6. • .6 4.2 2,1 

i' , iTflffic •e.t"vi1.:1:: 
1. Paint aml.rl1nct1 and. ed.g..Unt, on pave.onte •-3 1.1 1.0 ·" 2. Paint, brl~c md.valla, atd.JM.11 and ala.ce-1.laneoue pavement markings .9 .3 .1 .2 
3- Rrect, rcplM!o, 1"0'J)Ctlr or po..1.nt i1.1p a.na 8',lid.epott• 2.9 1.1 .6 
4. Clean eigzu, and rerleeton _,! .1 -- --- -- --- ---

Subtotal 8.2 """"e.'6 1.6 .1 .4 

o. other: 
1. RH:ioYe 11 tter rroo right-ot--n,y 2.3 .7 
2. M1.1ce-llaneoue wrk resulting rroa u1ntancmce con~racte 3.9 3.0 .l 
3- KJ.eoollaneous work rea\ll.tin, rro. con,.tr\i.otton contmc.te Y .7 --·"- -- --- -- --- _ _ ._2_ --Subtotal 6.9 4.1 .1 .2 - -----

Total 475.5 217.6 16.2 47.6 2.6 14.1 37.3 63.8 

Y Some sections were partie.1.1.y under construction for abort periods or time. 



A. 

B. 

c. 

D. 

E. 

F. 

c. 

TABIB l,o 

L\BOR A11D BQU]PIIERT TlMll CIWm'D TO DIIIICT Ol'BlWl'ION!l OIi SILECTBD ROAD SUTflBCl'IOJ!B :m T!IRBl:-COO!flY C01'1'1lOL AllEA 
(:mcLllll:mO Dl'.8TIUJml<D O'/EMEAI)) 

Group 31: All gn;'/91 eurface■ 

- Tima 1n hours per mile -

Medium 
Lioht and 

Direct open.tion Labor duty heavy Motor- Drag- Pickups 
trucka duty 

gnden, line, 

trucks 

ROutine aurtaoe: 
1. Patch roadway eurtacea with aggregate 76.0 52.3 3.2 .l .2 3.8 
2. Blade gravel eurracea 53.9 1.0 2.8 45.9 . .8 
3. Clesn or dra.ill roadway surfaces ~ _:.2_ - - _._2_ 

Bubtotal 131.5 54.2 6.o ~ .2 4.8 

Special. surface! 
l. Rebuild gn.vol aurt'acea -22.:1 77.6 ...!hl... _....!,2__ _.l_ ~ 

SUbtoW. 99.7 77.6 13.5 1.9 .1 2.l 

Shoulder and a:pproach: 
l. Patch lllhoul.dena Md eipproachea vtth e..agrasate .2 .l . . . . 
2. Bl.ado or re■be.pe 1houl.4on. and aP]n'Oaetu11 .l .l 

S..btot&l --.3 --.l- -- -r -- ---. - . 
'ROadslde and drain.age: 

1. Repair cut and fill slopes .8 .4 - . . . 
2. Clean and repair u.npa.ved 4re.1nage ditchee 7.2 3.3 - . 1.5 1.6 
3. lt>v roadsides with tmc.to:r (includina 11bowdon ) 2.4 LO . . . . 
4. lt:lv road81dea vith band. tool.a (1nelud1ns ahoulden) .3 .3 . . . . 
5. Spmy veeda on road.a td..o.l -1..:,g_ _.6_ -- - -- - -SU.btotal 11.9 5.6 . - l.5 l.6 

enov and ioe:' 
l. Raaov,a anov !'"rem road.~ aurfacee and abouldera 28.2 5.8 2.5 14.4 .1 2.0 
2. Re:111:rn &DOV !Toa 'brldgta 1.4 • 6 . - . .1 
3. ~ct anov fences 25.8 u.7 . . .7 
4. RuoYe 1.nov t11ncea 15.9 5.4 . .6 . .7 
5 . Sand fl:ladva.y surface■ ~ l.l _ .4_ --- _ .1_ .1 

Subtotal 74 . 3 24.6 2.9 15.0 .2 3-6 
Trsff1c service: 

1. ar.ot, replace, rep&ir or paint aign11 and gu1Qepoate .6 .l . . . . 2 
2. 01,eo.n. eJ 6fll, and retleatoni .2 _ _ .l_ --- - - __.l_ 

7 --
Subtotrl .2 . . . . 3 

Other. 
1. Miacellanl!OUB vork re ■ulting tro:11 maintenance co:a:tl"Kte 9.0 4.2 . 3.1 . 1.3 
2. Ki.acallaneoua work re■ulting f'rom construction conlnlCU !/ ~ _2!L .2!L ~ -- ____!_:1_ 

Subtotal 33.9 9.9 2.5 12.3 - 2.8 ---
Total 352.4 172.2 24.9 75.3 2.0 15.2 

!/ Some 1ectiona ven vholly or parti&l.ly under conatruction during p&rt of the atu.dy period. 
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TAlllB 41 

LAllOR AND EQUIPIIERT TDIE CIIAMED TO DIHBCT OPERATIONS ON 8IILEC'l'EII ROAD SUl!8IX!l'JOIIS IN 1'11>11!-CCMITY C01'l'ROL AREA 

(INCUJDINO DWr1lill1l'l!II <M:Rlll!AD) 
Group 32: All constructed 1926-45 

- Time ill hours per mile -

M,d1um 'l'raoton 
Light - Motor- Drag- BDd All Direct operation Labor duty heavy gnden linu Picktwa fronten4 othen tnicka duty loaden trucl,a 

A. Hou\inc, llirfe,ce: 
1. Pateh l'Ol4.wn)' eurracee v1 th •MNPt:4!1 25.7 12.9 .4 4 ,2 .3 .9 2.2 

1] 2, Patch l"'l)Nh-.y eurraee■ vith 'b1taatnou1 cold, tlx 35.3 15.5 .5 1.6 1.2 1.4 
J. P•t.ch Z"Ofld.vay eurra.t::es vith bi"twldnl:lul hot zaix .3 .1 .l 
4. Ble.de an-vcl 11u.rl'1eu 6.8 . 1 .4 5.8 .1 ,1 
5. Fill Jo1Di. and. crwc.lutt, in roe.'1.VQ" eurfacea 2. 5 1.0 .5 
6. Clean or d:nUn ro~va)' aurrac:ea 2-:i __ .5_ - - __ .1 _ -- __.2_ --- --

Subtotal 72.1 30.1 1.3 11.7 .3 2.5 3.7 2.8 

B, SpecilU. aur('Ace: 
l. R11bu1l4 gravel ew.rtaees 12.6 9.8 1.7 .2 ,3 
2. Sool bU.t=imua ao4 concrete pavements 18.3 9.1 1.7 .3 .1 .4 .7 4.9 
3. Resurface vitb 'blt:ualnoua mixes 12.4 6.2 .7 1 .8 .2 2.3 4.2 
4. Plane or roll b.1 twd.r»Oll• pavement. ~ - -- _._3_ - - - -- _ _._2 _ _ .2_ 

Subtotal 43.9 25.1 4.1 2.6 .l .9 3.2 9.3 

c. Should.er and •JfJlr,;w:ih.: 
l. Patch 1h0u.tdoro M4. Ap-vro.11.0t11r..a v:tt.ti ,on .4 . 3 .l .l 
2. P•t.cb 1'tloiul4ttnJ a.lid o.psl1"0tt,,Qbco v1UI -.SS:toAAte 4.7 2.2 .2 .1 . 2 .1 
3. l'o\Cb ■t,ould.era IIA4 Q:proaobe.1 vU;l-1 bl'twli.noua cold mix 3.9 1.6 .2 .l .l .3 
4. Dlw or N■M.JNI atwul.doro add 011'91"0'-0"~"' ----!2 __ .l _ __ .1_ ___,_.L_ -- - -- __ ._l_ --subtotal. 9. 9 4.2 .3 .9 .l .4 .5 

D. Road.aide and d.nt..l.t1ag1: 
1. P.ep,at.r c11t a.a4 rw .iopc, .4 .2 .l .1 
2. Rop,aiT or r.JUace i,J,pt11■ 604 U1H .6 .3 
3. Clee.n p,lpu, t:11~• and bOX' cµJ. vorto 1.2 .6 .1 .l 
4. C,loui o:r ~~1r unpaved c1ra.ina.p dJ.t.chc1 4.2 1.6 .l .5 .5 .2 
5. Cl"° p&vo4 nwx,, g,.i.t. t.cn •• anll 4zop inlet• .7 .2 .l 
6. >,3v roa4a1U• vt1.b tnw:tor (inclu4.t.na: eboul.d.ora) 17.6 2.0 l.l 16.3 .l 
7. M,.., l'OlldAiW• vLth hAM f.OOla (1nclu4.in,a ahould.e:rs) 5.1 2.6 .1 .1 .3 
6. Spray weeds on roadsidea ~ ___bL -- --- __ .l _ _:.L ..h!...... 

Subtot&l 32.7 8.6 . 2 .7 2.1 17.3 1.2 

E. Snov and tee: 
l. Reaove enow from roadway aurt'acea and aholll.derv 43.9 16 .2 6.5 4.7 .2 2.6 .6 
2. Remove enow from bridgee .7 .2 .2 
3. Ereet &now fencea 17,3 7.2 .5 
4. Remove aoow feneee u.4 4.o .l .8 .4 
5. Sand roadway surfaces 9.9 4.9 .4 .J .5 .9 
6. Salt. r'O&d.,,,.y- 1urrtM:!H 4.3 1.7 . 2 .l .1 . 3 
7 . ~l'• 1'3-1 n,,.i.::;; :'Ge:11lt.y 11ur~e~ ~ 11~rntldera 3.0 1.2 1.0 .2 
8. llmovc 1.nov tu:i.a tc1:1 l"tOll drllJ.r,age ditc:bea 1.8 .a ~ 

9. Put out and re110ve cinder barrels ~ __ .6_ -- --- --- - -Subtotal 93.5 36.8 8 .1 4.9 .5 5.1 2.2 

F . TN.rr1c urvlce; 
i. Pointi c:ODterUM1 Md. e4ge.1J.ne, on p&VC111r.at.c 4.4 .9 , l 1.8 .5 
2. Pfl.lnt. brldp cidd.val..l■, ~U• and, •l•cell.aneoue pavement lllBrking11 1.3 .5 .l . l .1 
J. s~t, ,..-p.l.o,c.c, rope.Lr or 11•.lnt e.tp.1 and pi4epoate 4.9 1.6 l.l 
4. Clean signs and reflectors .7 .3 .2 
5. Remve or paint guard.raile ......!.!1 --··- - - __ .1_ -- __ .2 _ --- --

subtotal 12.6 3.7 .2 3.4 .l .6 

G. Other: 
l. Clea.n or repair bride:ee .3 .1 
2. Jkta:)Ve Ut.ter (l"Qm rlsh·t .-ot•VI\Y 2.1 .6 . l 
3. Hiu:ollculcoue von. re ■W.Ua.g troa. WntanoAce contraote 6.o 3.8 .4 .6 .2 
4. MJ.1cella.DAous vor.k reoul.t-lns troa: coi'UltruoUon cont.nets !/ _g .7 __ .3_ 1.2 -- __ .2 _ --- --!L 

Subtotal. u .6 ~ .3 ~ 1.1 .2 .l --- - --- - - - - - ------ ---- --
'lbtal 276.3 115.9 14.3 21.9 1.6 15.2 27.1 14.5 

'!/ Some eeetiom were wholly or partially under construction during part of the atu.d.y period, 



TABIJI 42 
LAllOR AIID !CIUIH4Elff TDIB CUAmllD TC DIIIBCT OPERATIOllS OW 51UeffD ROAD Stnm!CTIOJIB D :1'111!1!1'-COUIRY CO!!l'ROL AJW. 

(l!ICLODIIII DlliTRllll1'ZD OVBIIIIIWJ) 

Group 33: All coustruoted 1946-59 

- tp1ae 1D boun per ail• - y 
Medium 

Tnctoro Light and 
Di:rect ope~tion Labor duty heavy Jribtor- •-- Picku.pa and All 

truck.a duty 
gndon, linea fronteod others 

trucka lo&dera 

A. Routine ■urfaee: 
l. Pci,toh road.w.y surtace11 witll o.ggreeato 2 •• .9 .5 .l .l .l 
2. P&tcb :road.vay surf'acea with b·lw.ainooe cold a.ix 6.9 J.O .1 .l -~ .2 . 5 
3. Pat.oh l"Q.lldw.y t\lT(..::11■ vtth bltwd.DOWI bot mix 7.1 3-• .6 .2 .8 3-• 
4. nu jolate an! ~l'l!,Cllt.e 1D road..va.y aurf'&elll ,l 
5. ClCl'M or d.nin Nnth,::a.y a'l.lr-f'aoe.• .2 . l --Subtotal. l6.7 7-4 1.2 --.2- .7 -----i:r- 379 .. Specie.I. surf'aee: 
1. Mu.djack concrete pav~t• l.6 .8 .1 .l .3 
2. Seal bitumi.DoUB &nd concrete pa'Vl:IMWte 12,l 6.7 .. .l .2 .9 3.0 
3. Resurface vi th bi tuminoue mixes 3.0 Ll .3 .6 .l .7 1.3 
4. Plane or roll bituminous p&vementa l.3 .3 .2 .3 .2 .2 .l 
5. Rebuild aggregate base c01.1nee .7 .3 .l _._2_ .l .l 

subtota1 18.7 ~ 1.0 -.-9- -:a- .7 ~ 7"F 
c. Shoulder and approach: 

l. Patch shoulders e.nd approaches vi th soil 3.6 2.0 .l .6 .l .l . 3 
2. Patch •hould.an a,,\11 appt"Oacbea with ogp'Cpt.o 5.5 2.9 .l .l .l .3 . 2 
3. Pa'toh ■bould.ors Mil &ppl'Oachea with b1Ula!.nOUa cold mix 3.6 l.3 .4 .2 .l .3 .5 .. Rriued. or ruod 1houlden and approac.hl!l:I .6 .3 .l 
5. Bl&d.e or nahape ahoulden and approacbea 1.2 _._l_ .7 - - _el,_ 

subtotal. "'iiw 7Y .7 ---i-:r .3 l.l ~ 

D. Roadllide and d.n.lllllgft: 
l. Repair out and rill. alopea 1.9 .9 .l .l .l .l .l 
2. Repair or replace pipes, and tiles l.O .4 .1 .l .2 ,l 
3. Clea.n pipe■, tilee and box cul verh l.6 .6 .l .2 .2 .2 .. Clean or repair unpaved drsinage d.itchea 6.o 2.6 .l .l 1.1 l.l 
5. Clean payed tlumee, gut ten and drop 1nl111ts .2 .l 
6. Repair atone riJ)rap 1.3 .6 .l . 2 .2 
7. Reu>ve treee from rQadside1 .6 .3 
8. Hov roed.e.ldea V1tb Wl'loOt.ot" (inclu41Jul ~am) 19 .9 3.1 .l .7 18.0 .l 
9. )P'II YOll.d.atdea v1th hMl:4. tools (iaclud.J.ag oh.ouldere) LO .5 .l 

10. Sp.re.y w1.,h oa rclWlAJdl! ■ 2.1 _ .7_ --- -- __.2_ --·-·- ___:.l_ 
subtotal ~ 9.8 -.-4- .3 1 .5 2.7 16.9 l.l 

E. snow and ice: 
l. ~'tC snow from roodve.y surfaces and shoulders 40.8 18.3 5.2 5.9 .2 2.5 .6 
2. Remove snow from bridges l.l .. .l .l ,l 
3. Erect soov fences 6.o 2.5 .l 
4. Remove snov fences 3.7 l.4 .2 ;1 
5. Sand roadway surfaces 9.0 5.5 .3 .2 .4 .6 
6. Salt roadway aurtacea 4.6 l.9 .3 .5 ,2 .3 
7, Remove ice from roadva;y surfaces and sbouldel'll 3.8 l.6 .8 .2 .l 
8. Rem:,ve enow and ice from dninage ditches .. .l .l 
9. Put out and remove cinder barrele .3 __ .2_ --- --Subtotal. 69:r 31.9 ~ ~ .4 ~ 1.7 

F. Traffic service : 
l. Paint centorl.l.JH!• Mel edgelinea on pavc*Dt.a 5.5 .6 . l 2.4 .9 
2. Pa-int bt'ldglt endvalla, m:d,lana and a.t..cqllancrou1 -pa:vi:mtot markinga 1.7 .4 .3 .l .2 
3. Erect, R:placa, .ropdr or paint aip:t f.ftd. guHte:po•"' 4.9 l.9 l.O .l 
4. Clean s.1~ ana !"Orl~t.on 1.8 .7 .3 
5. Rcoove: or paint guardnrlle ,l -- -- --- -- --- - -

subtot&l l4.o 3.6 .l 4.o .l 1.2 

G, Other: 
l. Clean or rep&ir bridges .6 .3 .1 
2. Remove litter 1.8 .6 .1 
3. Miscellaneous work resulting from IDll.latC'nance corrt.t'O(lt.i .7 .4 .l 
4. Miecallaneous work reeultiog fro• o:Oftat.Nctloo cot1t.r~ts g/ l.9 .6 -- --- -- .6 --- - -Bubtot&l. ~ ~ -.-8- ,I 

Total 174 .~ 10.1 - --;::;-70.5 9.5 2.1 13.0 12 ,l •. 
~ 2-6 percent or th. milelll.gO vu f'our Jona bighvay. 
y SON eect1on• vaero ps.rtlnlly under conatruction ror short l)eriod8 of time. 



!WIU!:43 
LU!OR A1'll EQUIPMZII'? TDIB CIIAl'(ZII TO DIRECT OPEM?IORS 011 SEL1!CTJ<D HOAD 8111l6EG'l'IO!IS Ill Tllm-COU!fl'Y COfi'ROL A1U!A 

( IIICllJDIRQ DIS'l'RillUl'l!D O\IZlllllWI) 

Oro,u> 3• : All under lOOO AJ:Jl 

- Time in bout'1111 per mile -

Medium 
TnLctora Light ... 

Direct opention Labor duty heavy Motor - Ona• Picll.up11 ... All 
trucks <uty graden linei■ trontend ot hera 

tru.cks loaders 

A, Routine surface: 
L Patch roadway eurracea with aggregate 25.6 1,.9 2.7 .2 .1 L O L4 .1 
2. Patch roadvay eurface■ w1 th bitu.m.lnoue cold "1x 16.6 7.7 .4 .4 L l .8 .3 
3, Patch roadway eurraces vith bituminoua bot mix 1.2 .4 ,1 
4. Blade gravel aurfacea 11.9 .2 .6 10~1 .2 .1 
5. Clean or drBin roadway aurfacea -2 .2 -- - - - -- --·- ---

Subtotal. 55,7 ~ 3.7 10.7 .1 2, 4 2:3 .4 .. Special surface: 
L HJ.dJack concrete pavements 1,8 .9 .2 ,2 .. 
2. Rebuild. gravel surfaces 22.0 17.2 3,0 .4 .5 .1 
3. Seal bituminous and concrete pavements "4.o 24.8 .8 .5 .2 .9 3.8 11.2 
4 . Resurface vi th bi tu.minoua mixiu 15,3 6.4 Ll 2.6 . 3 3.0 5,6 
5. Plane or roll bitu.ainoue pavements 3,2 .7 . 5 .5 .4 ,5 ,5 
6. Rebuild aggregate bue courses 2.6 _!!!... .1 .4 _.6_ __ ._4_ _._3 _ 

Subtotal ~ 5Ll ~ 4.1 ---:r- 2.7 7.9 18.1 

c. Shoulder and approach: 
L Patch should.ere end approaches vi th aggregate 3.0 L4 .2 
2. Patch should.ere and approaches with bitu.minoue cold mix L l , 5 ,l 
3. Blade or reshape sbouldere and approaches _:]_ __ .1 _ __ . l _ _._4_ -- --- --- --

Subtotal 4. 8 2,0 ,l .4 .2 .1 

D. Roadaide and drainage: 
L Repair cut and fill slopes ,3 ,l 
2. Repair or replace pipes and tiles 1.0 ,5 ,2 .2 
3, Clean pipes, tiles and box cul vei;-ts ,2 .1 
4. Clean or repair unp&Ted drainage ditcbea 3,2 L3 .1 , l .5 .4 ,3 
5, Cleon paved fl.uni■, gu\.t..,ere and 11:rop i~ta .4 .2 
6. M:>V l'®d.oJ.i:lu vltb tru:t,or (inclil(\fl'IB 111hm:lldc.ni) 13,3 l.4 .4 .. 11.6 
7, Mov ro.4114H vU.h hand tools (1Ml.uding t.houldon) l.7 ,9 ,2 ,l 
8. Spray veeda on roadsidea _u l.l __ .2_ _ _ ._1_ 

~ 
~ - - --- --

Subtotal. 22.7 .7 .1 . 5 L3 12.0 L2 

E, Snov and ice: 
l. Remove anov from roe.dvay eurfacee and ahoulden 37, 5 13.2 4.o 7 . 5 .2 2.4 ,8 
2 , Reoove enow fro111 brldgea .9 .4 ,1 
3, P.N:ct tDQv reno.ea 6.4 2.8 ,2 
4. Raa>ve anov tcnoo• 4,l l.4 . 2 .2 
5, Sand roadway surfaces y.u :,.6 l.V ,; .!:. 1.0 
6. Salt rolld.w.y surfe.cee 1.1 .5 .1 ,1 ,l 
7 . Remove ice from roadva.y eurfacee and ehou.lden 3,5 .6 Ll .2 
8 . ReJIOve anov and ice from drainage ditcbea ,3 .2 
9, Put out end remove cinder battele ,7 __ .3_ --- -- --- --Subtotal ~ 23.0 6.1 7.8 , 5 3-6 1.9 

F. Traffic service : 
l. Pe.int centerlittee a.nd edgelines on pavement& 4.2 Ll 1.5 .8 
2. Paint bridge endve.l.le, 111ediBn.8, and miacellaneous pavement markings 1.2 ,5 , l .l .l 
3. Erect, replace, repair or paint eigna end guideposts 4.4 1.6 1.2 ,1 
4. Clean Signe and reflecton .4 ,l ,l 
5, Repair or paint g11e.rd.railB __:.], __ .2_ -- __,l _ -- --- --- --

Subtotal 10.9 3.5 .1 2.9 ,l LO 

G, Other: 
L clean or repair brid.gl:!1, ,3 .l 
2. ~•o lit.tor- troa l'Jght.Mof•V&Y .8 ,3 
3, Miecellaneoue work resulting troa Mtntenance cont r.o.:cto 3.5 2,1 ,7 .3 
4. Miecellaneoua vork resulting rroa conatruction coat.fl'ets !/ 11.8 ...H._ _'2._ ~ -- .2!L __ ._2 _ _ .2 _ 

Bubtot&l 16.4 5,9 ,) 2.9 2.7 . 2 .2 ------------- - - ---- ---
Total 262.9 114.5 16.7 26.1 L7 15.6 24.6 21,0 

!/ Some sections vere vholly or partially under construction during part of the atudy period, 



TAl!LB liJi 
IAll01I AllD KQIJIFMl!m' TDIB CIIAR<lED TO DI!IECT O~IOIIS Oll 9=D ROIJ> SUllSl:CTIO!IS Ill i'BRD-COUM'Y COIII'ROL AREA 

(mlLUDIIIO Dl'STIUlllrB.I) 17/lllUIEAD) 
Oro"!' 35: AlllOOO-~ADr 

... Time in houre per mil• -

Medium Tractors Light and Motor- Drag- and All 
Direct operation Labor duty heavy grad.en lines Pickups fronteod others 

trucks duty loaders 
tNC?kG 

A, Routine surface : 
l. Pwltch roedV11.,1 ■urta.t"lt!• v1lh agg;r,ee:zi,to 10,0 3,9 2.6 ,ll ,3 ,9 .4 
2. PAt.ch niadYa¥ aurfMca 1.f,lth bltu.m.w;,1.111 cold mix 20.l 8.6 .3 LO .6 .8 1.4 
3. Patch r,o"4.~ay •1.1r r11Da11 vltb blLwa.looue hot mix 8.8 4.3 .8 .2 l.l 4.4 
4. Pill j o Jntl Md. crocb in roo.d.vay aittf&C.es 1.5 .6 ,3 
5. Clatftn or d.r&.1n l:'D&AftY 1urf11CIQ"D _._6 .2 -- -- __ .1_ 

Subtotal 4LO ."i'r:6 1.1 ~ .2 1.2 2,8 6.5 
B, Special. eurface: 

L J,lldJa.ck concrete pavement1.1 1.4 .8 .1 ,l ,3 
2. 8-1 'bit\A.U)OUA Md. C:ODC:t't't.o pmweaonta 11.2 5,4 L3 .1 .2 ,3 2.9 
3. RoaurfM• 11U.h b1 tw::l.inoU• 1U.)UII 6.1 3.0 .4 LO .1 L2 2.3 
4. Pl.&ne or roll bi'UUll.lnouo. ri,.vcni:11mt.11 --.:2 .2 --=.L -- __ .l_ __ ._1 _ ,l 

Subtotal 19.6 ~ LB 1.5 ,l .4 1.7 5-6 
C, Shoulder and approach 

l. Pat.eh ehou.1,dera .Md APJ:ITOAOhee ~ Ith ■oU 2.0 l.l .3 ,l .l .2 
2. P&tch eftouldera and a;J)ro.nches vtth ~p"te 4.9 2.7 ,l .1 ,2 .1 
3. Patch e~den and. &pprouhee vSt,l, bH»..11.lnoue cold mix 2.7 l.l ,l .l .l .3 
4. ~ or Tnhape 1hou.ld.en1 and appn;ioch~• LO ,l .6 -- .2 

Subtotal. lo.6 ~ --.-2- 1.1 .2 --:r -;-g-

D, Road.aid@ and drainage: 
l. Repair cut and fill alopee .7 .3 ,l .l ,l 

2. Repair or replace p.tpe1 and tile1 .5 .2 
3. Cleo.A pJ.puJ t.Uc1 amt. 'bo:ic cul verte 1.2 .6 , l .1 
4. Cl.can or ropaj,r ul'\p,6Yod. 41'ainage d1tchl!I 5.5 2.4 .9 .9 
5. f4CN1r et.o.i:e r1pnap 1.5 .7 ,l .2 ,2 
6. Neaou trees rrom roa.daSdu ,l .l 
7. ~ NIOd.lidee vith t.uctor (including eho&Wt,:n••) 16.9 2.5 .9 15.7 , l 
8. ~ ro141idee \tl.U. hMd. tools (including ■beuldeni) 2.5 1.2 .l 
9. Opray vc,eda on road.-Jd.e.■ ~ 

__ .9_ -- --- -- __ .2 _ __ ._6 _ __ .9_ 

Subtotal 31,6 8.9 .1 l.l 2.4 16.5 1.2 

~- snov and ice: 
l. ReD)Vllt enov rrom l"C)&d,Vlly eurface1 and shoulden 42.3 19.4 6.2 3.9 .2 2.6 ,5 
2, Rem'lc snov from b r14,gce 1.1 .4 ,l ,l .2 
3. Erect snov rence1 12.4 5.2 .3 
4. Remve enov fences 8.1 2.9 .5 , 3 
5. Sand roadw.y surfaces 12.3 7,5 ,2 .3 .6 ,9 
6. Salt roadway surfaces 3.2 l.l .3 .2 ,l .2 
7. Reaovc; lee mes road""-)' ourtaoo1 Arid ehouldere 3,3 1.5 .8 .2 ,l 
8. RelEYO ltlO"' Md ico rroa ~ra.ln-.p_ d.Stches l.l .5 ,l 

9. Put out Alld. "uove olnd.tr 'borreb --.:2 .4 ,l --subtotal 84.7 38T """'TT 7i':2'" .5 ~ ~ .. Traffic service: 
l. P-61nt ct'nt.er.lJnu Md C'd.gdines on pave-Mnta 5.2 .7 ,l ,l 2.2 .7 
2. Pe.lot. brJdgo tndvalh, zed.Ian.a Md -.t.•~tlllaneoua pavement markings 1.0 .4 ,1 . l .1 
). ZrcetJ rap.l.lllit!e, n,pa.lr or paint 1ign.1 IWd. guid.t:!po111ts 3.8 1.4 .7 
4. Cle.a el(P)• Md Ntloctorw l.l .5 .l ~- RemYe or paint guardrails ~ __ .2_ -- --- - - __ .1 _ ---

Subtotal 11.7 3.2 ,l ,l 3.2 ,l .8 

G, Other: 
l. Clean or repair bridges .9 .j ,2 
2. Remove litter from right-or~vay 2.4 1.0 .l 
3, Miacellaneoua wrk resulting from maintenance cootracts 1.6 ___!.:L -- - -- -- ~ --- --

Subtotal ~ 2.5 .4 .2 --- -------
Total 204.l 85.4 10.9 10.5 1 .9 12 . 5 23.7 14,9 



TABLB 45 
LAllOR AND EQUil'ME&T TJM! Cl!AlmD TO Dil!IIIJT 0~I0RS OIi SBLECTED ROAD SUllSIICTI0IIS IK TBREE-COUll'l'Y C0l'fl'ROL AJlEA 

(INCLIJDIKII Dlfflillll'l!D Ol'ERIIIWJ) 
Group 36: All l2!!2::~IJJr 

Time 1n boura per mile -

lled.iua Trac ton Liaht and 
Direct operation Labor duty heavy 1otltor- Drag-

Pickupe and All 

truakl duty .......... line• f rontend ot hers 

trucks load.en 

A. 1'1:NtJ..lUI wr-taa11t: 
l. Potch road:n.y 11.u·rac.u vl.Ui bltuz:dnou.a cold. m.l~ 3.7 1.7 .l ,1 .1 
2. Po-toh road.va,y aur(eou V1t.b b1tum.i.nou, bot ai,a .2 .l .1 
3, r1u Jolnta -.ci.4 -cin.i:i'u 1A t'Oad_"'tQ' H rrocn .1 ,. Clc:&D or d..nJ.A l'Old."-7 surl'ae•• _._4 __ .1_ - - - -- -- --- --- --

Subtotal 4.4 1.9 .1 .1 .2 

B. Special 1urt-.c:6.: 
1. Se&l b ttlminous and concrete pavements -..:.1 _.4_ __ .l_ - -- -- --- --- _._2_ 

Subtotal .7 .4 .l .2 

c. Bhoul.d,i-r P4. a:ppro~b.: 
1. Pr.t.ch 1bouldcr11 a.b4 •PJlrotchH v1, lh ■OU 4,7 2.6 .3 .7 .1 .4 
2. Pa:toh ■hcJu.14o,:a u4 ,-pprot1r0bu vitb aagrc-pte 6.6 3.3 .1 .1 .l .4 . 3 
3. P•t.oh aboul.4.tn an4 app,roaa'tie-■ vt'tb bltu.lQOUa col4 mix 6.8 2.4 .9 .4 .1 .8 .9 
4. "-UK or l"C!Ood 1hau.ldGn a:n4 appniiw:h.u .2 .1 
5. lh4a.. or re•.ha'Pt 1b6uldrn uid • op:roo;ohn1 1.5 __ .1 _ __ .2_ _ ._8_ -- - -- __ ._4 _ --Subtotal 19,8 8.5 1. 5 1.9 ,1 . 3 1.6 1.6 

D. Ro&4dde encl drainage: 
L ~r cut ana. nu •lopn.1 2.1 1.2 .1 .l .1 .1 
2. JtoP&Lr or replecc plpe.1 an4 \:Uu 1.7 .7 . l .1 .2 .3 
3. 01..un pl'p,!■ 1 tllo■ a:od box oul'Yo:rt.e .4 .2 .1 ,., Cl.ffD or ro_poj.r wapt,'l'od dn.1J1ago d.itchu 6.8 2.7 .1 1.1 1.3 
5. OloM p"11d. rl.u..., ,,.u,tuw o.nd 4.ro_p inlets .2 .1 
6. Rl!IP&ir atone riprap .4 .2 .1 .1 
7. R~ve truo rro. :roadald.c.1 .3 .1 .1 
8. >t,v roa4■ 14.a ■ "'1th tr.otor ( incl\141ng ahouldo.n} 27.7 4.4 .9 25.3 .1 
9. IPV ro"4o1<le• .iu, ban4 !.oOl• (lncludina ■boul4ero) 2.5 1.2 .4 

10. 9PIV' wlltb on :roadai d.s• ~ __ .5_ -- - -- _._3_ -·L _.7_ 
Bubtotal. 43.9 11. 3 . 3 .l l.4 3.2 26.2 .8 .. Snov 6Dd. 1eo: 

1. Rc!cova enov rrom. roadway aurt&ees and shouldenJ 42.8 18.5 5.9 6.4 .2 2.6 .5 
2. Remove 8DOV troll brida:H .9 .4 .1 .1 .1 
3. Erect BUOY fence, 7.6 3.1 .2 

"· Remove enov f ences 4.7 1.8 .2 .1 
5. Band road.way aurt'acea i. .1 2.5 .1 .1 .2 .3 
6. 6alt roa,d.Y.lly aurt,eu 9.1 3.9 .5 .6 .4 .6 
7. aoove lee from :ro&d.w.-,- surfacea and shouldere 3. 5 1.6 .7 .2 .1 
8. Remove enov and ice f rom rirsioag-= il.1:t.;;hecii .2 .l 
9. Put out and ret10ve cinder barrel• _._l __ .l_ -- --- -- - -- - -- --

Subtotal 73.0 32.0 7.3 7.1 .3 3.9 1.6 

F. 'J"raffi.c u.rvlcn: 
i. Pa.lDt. oentor11De.• Uld e44t"llPH oti ]l,jt,VCIK?Jlt.CI 5.3 .2 .1 2.5 .8 
2. hint. bri4e,e erntvall.1, llrli.lan.o Md. 111.uc:.el..lAa•oue pAvOMnt markings 1.6 .4 .4 .1 
3. ltNOt:, rapl1100, ropatr o-r paJ.nt, olp and. gMJdepoate 6.3 2.4 1.3 .1 
4. Clean eigna Bild reflectore 2.7 1.0 .6 
5. Relll)ve or paint guardnila .1 - - --- -- - -- - -

Subtota.l. '16.0 4. 0 .1 4.8 LO 

o. otber: 
1. Clean or repair brldges .4 .1 .1 
2. lle;a::,v• Utter Cn);tll rigbt-of-"-:Y 1.6 .7 
3. H11cella.11t"Oua vork reellltins rroa. lli!llnt<=.nance eott.LTAC te 1.9 1.1 . l 
4. Mlto•Uooooue vor-k reaul tinB rtoc:1 c oD.1 t:Not.ton cootTitiOta !J _._2 __ .1_ -- --- -- --- --- --Subtotal. 4.1 2.0 . 2 - ---------

Total 161.9 6o.1 9.4 9.1 1.8 12. ~ 29.4 3.8 

Y some aectiona nre partially under construction for abort periods or tilne. 
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TABLE 46 

LABOR AND EQUIPMENT TIME CHARGED TO DIRECT OPmATIONS ON SELWrED ROAD SUBSECTIONS IN THREE-COUNTY CONIBOL AREA 

( INCLUDING DISTRIBUTED OVERHEAD) 

Group 37: All OVJ!;t" S000 ADr 

- Tirr:e in hours per mile -!l 
HtdJUII 

Tractors 
Light and 

Direct operation labor duty heavy Mot or- Dreg- Pick- and All 

trucks duty grede rs lines ups frontend others 

tni.cks loaders 

A. Routine nurfece: 
1. Patch roadway surfaces with bit'lllllinous cold mix 42.3 19.0 .8 .4 ,l 3,7 .6 .8 
2. Petch toadw.y surfaces vi.th bi tuminous hot mix 3,1 ,9 -5 
3 . Clean or drain roedvny surfaces ..2.:.2 ~ =-- =-- =-- -=--

Subtotal 48,9 21.3 .8 .4 .1 4.2 .6 .8 

c. Shoulder end approach: 
1. Patch ohoulders end e.pproaches with soil 8.4 4,7 1.5 .1 1.2 
2. Petch shoulders and approaches vith aggregate 11.6 5,3 -5 1,1 ,1 .3 ,3 .6 
3. Petch shoulders sod approacheo vith bit cold mix 8,5 3.7 1.0 .3 .1 .6 1.0 
4. Flet..-:icd C-\" Nlod shoulders and epproechee 10.3 4.5 ,1 2.4 ,5 
5- Blade or reshape shoulders end approaches 2,l ~ - =-- - -

Subtotal 41.1 18.2 1.5 5.1 .l .6 3,3 3-3 

D. Roadside and drainage: 
L Repair cut and fill slopee 11.8 4.3 1.8 ,2 2.1 
2. Clean pipes, tiles end box culverts 19.4 6.5 2.7 2.5 2.9 4.3 
3. Clean o r N!Jletlr un.paved dreinnge ditchee 6.4 2.5 .9 LO 1.1 
4. Clean flt\vvd flw:io•, gutters and drop 1n1ets 7.0 2.4 -9 
5, Remove trees :from road aides 8.2 3.6 .1 
6. Mow roadsides "'1th tractor (including shoulder) 20.3 -5 .3 17 .1 .1 
7- Spray weeds on roadsides ___,_g - ~ - - - ----:l .:.! 

Subtotal 73.3 19.6 5.4 3-5 5-5 23 .6 .2 

E. SnoW' and ice: 
1. Remove rmow from roadway surfaces and shoulders 48.7 24.8 3-5 11.2 .4 2,4 .6 
2. Erect snow fences 1.7 ,7 
3. Remove snow fencel!I 1.4 .5 ,1 
4. Sand roedwey surfaces 4.6 2.8 ,1 .2 .4 
5- Salt roe.d"WBy surfaces 8.5 3.8 . 2 1.7 .4 .6 
6. Remove ice from roadway surfaces and shoulders 6.9 3.4 1.1 .4 .1 
7. Remove snow and ice from droinnge ditchee 5.1 .2 2.2 
8. Put out and remove cinder ba:rrels __,_II_ ....,_g - - =-- - - ;; 

Subtotal TI 03 36,4 4 .8 12 .9 -5 5.6 1.8 

F. Traffic service: 
l. Paint centerlines and edgelines on pavements 6.7 .3 3-7 1.1 
2. Paint bridge endwlle, mediane & misc pwn.t markinge 11.7 1.4 3,2 ,3 2.2 
3 . .Erect, replace, repair or paint signs and guideposts 12.8 5.0 2,9 
4. Clean signs and reflectors ...'±..c! ....:.2 :. :. ;; !_,_Ii_ .:1. ....,_g 

Subtotal 35-3 7 .6 11.2 ,5 3.5 

o. Other: 
1. Clean or repair bridges -3 .1 
2. R~ove litter from right-of-WY' 2.7 -7 .4 
3. Misc work resulting from maintenance contracts 12,4 6.6 2.1 1.5 
4. Misc vork resulting f'rom construction contracts g/ ....e.,l _.;2 :. :. :. ....& - :. 

Subtotal .Jl1..,1._ ...H -- -- - ..l.,1-_ ...!,,1.. --
Total 293.6 111.2 7.1 23.6 4. 2 30.2 31.3 7.8 

'!/. 52.5 percent ot' the mileage Vfllli toU:J"-lane highvay. 
Y Some sectiono were partially \lrdor construction t'or ohort periods of time. 

6. Distribution of labor and equipment time in the three-county control 
area by month 

Comprehensive study records were summarized to obtain the distribution 
of' time by month for labor and five major types of' equipment utilized in 
the three-county control area. All undistributed overhead and direct 
operations were grou;ped under major headings. The sunnnaries are sho'Wll 
in Tables 47 to 52. It should be remembered that the da.ta in these 
tables do not present a complete picture of' operations in the control 
area since many types of' equi:pment (d.raglines, distributors, rollers, 
compressors, etc.) are not included. 
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Section C 

COMPREHENSIVE STUDIES IN THE INTERSTATE CONTROL AREA 
MARCH THROUGH AUGUST 1960 

1. Background 

Studies were also undertaken to develop basic data about the types and 
total extent of maintenance perfonned by State forces on the Interstate 
System in Iowa. They too are called comprehensive studies. The tech
niques used were the same as those used in the three-county control area 
which were described in Section B-1. One important modification was that 
limited data were obtained on the time spent on overhead operations or in 
major nonoperational delay status. 

A two-man study crew was assigned full-time to the interstate control 
area for a six-month period. '!hey observed activities of State mainte
nance forces, prepared daily time records for each employee and major 
equipment unit working in the control area, and obtained background in
formation. The daily time records for men and equipment units showed 
total available working time (TAWT) spent in the control area; some major 
nonoperational delays (over 30 minutes); net available working time (NAWT) 
spent on each direct operation and some overhead operations; and the lo
cation of worksites. In most cases, study crews were able to obtain the 
distribution of time to the nearest 15 minutes. Worksites were identified 
as being in a particular county, State road section and, in many cases, a 
study subsection. Study crews also recorded materials used, work accom
plished, and other supporting infonnation. 

All study records were fonrarded to a headquarters office for checking 
and processing. Most of the data was then transferred to punch cards and 
smmna.rized by machine methods. It was not feasible to check study records 
against State records since the interstate control area did not cover the 
entire area maintained by one State crew. 

2. Characteristics of the interstate control area 

The control area was located in Warren County. It was defined as in
cluding all interstate road sections in the county plus two short road 
sections, partially in Warren County and partially in Madison County, which 
were nonnally maintained in conjunction with interstate sections. State 
maintenance forces which maintained these sections were also responsible 
for other road sections in Warren County but these were excluded from the 
control area. 

Since only a portion of Warren County was included in the control area, 
it is difficult to make any comparison with Statewide averages, Therefore, 
Table 53 presents data only for the control area. 
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TABLE 53 
CHARACTERISTICS OF INTERSTATE CONTROL AREA 

Item 

Roads maintained 3/1/60 (miles) 
Interstate mainline portla.nd cement concrete 
Interstate ramps portla.nd cement concrete 
Primary bituminous concrete 

Total 

Average age of surfaces (years ) 

Average daily traffic on interstate mainline 
(1/1/66 estimate) 

Mean temperature (°F) 
Average year 
1960 

Total precipitation (inches) 
Average year 
1960 

Snowfall (inches) 
Average year 

Predominating soil types 

Control area 

2 

3,465 

51 
49 

32 
39 

28 

A-6 to A-7-6 

3. Inventory of workload in the interstate control area 

During the course of comprehensive studies, the special study group 
made a detailed inventory of road sections in the interstate control area. 
'Ihe objective was to measure workload components for which State mainte
nance crews were nonnally responsible. In total, these components con
stituted the workload for each road section. Data obtained during the 
inventory were used to prepare strip maps which showed roadways, ramps, 
drainage structures, overpasses, right-of-way lines, and other items. An 
example of similar strip maps was shown in Figure 1, Summaries were also 
prepared which listed quantities for various workload components by State 
road section and study subsections. 

Study road subsections on the Interstate System were grouped accord
ing to whether they ,1ere on the mainline road·way or in interchange areas. 
Figure 3 indicates what was included in a typical interchange area sub
section. Af'ter classj_fication, average workload quantities per mile were 
computed for the two groups of subsections. Workload quantities per mile 
were not computed for study road subsections on the primary system. 
Table 51~ presents workload quantities for all State road sections in
cluded in the interstate control area and average workload quantities per 
mile for the two groups of interstate subsections. 
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Figure 3. Sketch of an interchange area subsection. 



> 

4. Distribution of labor and equipment time in the interstate control 
area by type of work 

De.ta obtained during comprehensive studies were summarized to show the 
distribution of labor and equipment time in the control area by type of 
'WOrk. This time represents effort expended by the State maintenance crew 
normally assigned there plus effort expended by other State crews such as 
the District 1 paint crew. Time spent by State crews 'WOrking outside the 
control area was excluded. 

Each functional type of 'WOrk is represented by an operation such as 
remove snow from roadway surfaces and shoulders. These operations are 
listed under the heading direct operations - maintenance of existing sys
tem. As previously indicated, comprehensive studies in the interstate 
control area included only a 11:mited coverage of overhead operations and 
major nonoperational delays. Therefore, the data for these categories 
cannot be presented as was done for the three-county control area in 
Tables 4 to 7. However, an a.llo'Wa.Ilce of time was made for work falling 
in the category overhead operations - distributed on the basis of compre
hensive studies in the three-county control area. This overhead allow
ance was allocated to direct operations - maintenance of existing system 
before preparing the summary on which Table 55 is oo.sed. 

5. Distribution of labor and equipment time in the interstate control 
area by selected road subsections 

As previously indicated, labor and equipment time was classified 
according to location of worksites during comprehensive studies. Work
sites for direct operations were identified by county, State road sections 
and, for certain kinds of work, by study subsections. Overhead operation 
worksites were identified only by county. The labor and equipment time 
for distributed overhead and direct operations 'Which had not been charged 
originally to study subsections was allocated to these subsections. Next, 
study subsections were classified according to 'Whether they were (1) 
interstate mainline, (2) interstate interchange areas, or (3) on the pri
mary system. Study data. for the first t'WO groups were averaged to deter
mine labor and equipment time expended per mile for each operation. The 
group of primary system subsections -was excluded since this type of main
tenance was covered by studies in the three-county control area. 

Table 54 show the total length of subsections and average -workload 
per mile for the interstate mainline and interstate interchange area sub
section groups. Tables 56 and 57 show average labor and equipment time 
in hours per mile for the two groups. Footnotes on Tables 54, 56, and 
57 give factors 'Which may be used to convert data from mainline miles to 
equivalent t"WO-lane miles. The reader should keep in mind that data 
obtained :f'rom comprehensive studies in the interstate control area covers 
only a six-month period. Therefore, any comparisons with data from com
prehensive studies in the three-co\lllty control area or any other source 
should be made with caution. 
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Section D 

PRODUCTION STUDIES OF MAINTENANCE OPERATIONS 

1. Background 

The special study group conducted production studies which provided 
detailed infonnation on most of the operations performed by State mainte
nance crews. The general objective of these studies was to obtain basic 
data regarding time utilization, performance rates, -work methods, and 
crew sizes under field conditions. Such data could not be obtained from 
the overall picture developed by comprehensive studies. According to the 
study plan there -was a concentration of production studies in the three
collllty control area; however, a substantial number were conducted in other 
areas throughout Io-wa. The approximate distribution of study effort -was 
as follows: 

50 percent in the three-county control area 
25 percent in the remainder of District 6 
25 percent in Districts 1-5 

Table 58 shows the number of studies made according to major groups of 
operations and their general location. 

TABIE 58 
IIUMllER AND IDCATION OF PRODUCTION STUDIES 

Major group of 0pera.tion 

Shou1der Roadoide Snow 

!Dce.t1on Over- .Routine Speci&l. ond ond ond Traffic other Tot&l. 
head surface surface approach dreinage ice service 

District l 12 1 - 3 8 4 5 1 34 

District 2 4 4 - 2 10 1 - - 21 

District 3 5 2 l l 4 1 2 2 18 

District 4 12 - 1 - 5 2 3 1 24 

District 5 3 - 2 1 3 - 2 2 13 

"Ib:re:e•county control crea. 
(Cchr, Jov~, ""d Johnson) 74 22 11 6 25 56 15 7 216 

Remainder of District 6 25 12 5 12 24 12 8 3 101 

Totals 135 41 20 25 79 76 35 16 427 

74 



75 

A study crew ranging from 5 to 15 men carried out production studies. 
The following procedures were used: 

l. A group of l to 8 men f'rom the study crew traveled to a preselected 
State maintenance garage. 

2. Study supervisors held a briefing session for State maintenance 
employees to explain the purpose of studies and the techniques which 
would be used by study crews. The maintenance employees were requested 
to follow normal practices and to work at a normal pace. 

3. One or more operations 'Which were to be performed that day -were 
selected for study. No attempt was made to have State crews perfonn any 
particular operation. 

4. Study personnel were assigned to observe the activities of mainte
nance employees and equipment units involved in the selected operations. 
Each study man recorded data on one or more maintenance employees plus 
the equipment units they normally operated. 

5. Study men observed perfonnance of the operation and timed each 
work item or delay encountered by their assigned men and equipment units. 
Stopwatches were used and any item or delay of two seconds (0.03 minute) 
or longer in duration was recorded. 

6. Study men recorded accomplishment, equipment used, worksi te condi
tions and general background data. 

7. Most studies lasted for an entire day. However, when maintenance 
employees worked on more than one operation during a day, each operation 
-was considered to be a separate study. 

8. Study crews returned to their headquaners office to prepare study 
summaries. At a later date, data on all studies for each operation were 
combine.a and analyzed. 

Figure 4 shows the type of data study personnel recorded on field sheets. 
In this section the surmnarized production study data and the related 

narrative descriptions are grouped in the same major categories used for 
comprehensive study data; namely, undistributed overhead, distributed 
overhead, and direct operations. In total, 27 different operations are 
reported on and they are listed in Table 59. 

Several of the operations in distributed overhead involved separate 
processes and were the subject of production studies even though the com
prehensive control study time was eventually distributed to other opera
tions. Thus, a complete picture of handling salt, for example, embraces 
not only the production study surmnary of the direct operation salt road
way surfaces, but also the production study summary of the overhead 
operation stockpile salt. 

Travel was separately identified during comprehensive studies and dur
ing production studies. In the former case, travel was reallocated to 
other operations 'When the distributed overhead accounts were closed out. 
For production studies, travel was included as one of the time elements 
in study summaries, and therefore is not presented separately as are the 
other selected distributed overhead operations. 

In the following narratives, table format bas been standardized. In 
each case, the total number of ma.n- or equipment- NA.WT hours covered by 
studies is indicated. This total does not include any major nonoperational 
delay time. 
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LAEOR TIME CHARGED TO PRINCIPAL OPERA!rIONS IN THREE-COUNl'Y CONTROL AREA 

Before overhead Af'ter overhead 
distribution distribution 

Operation 
Percent of Hours Hours Percent of' 

TAWT TAWT 

1 overhead operations - undistributed 
A. Supervise maintenance activities 5,554 6.5 5,554 6.5 
B. Service and repair equipment 14,153 16.4 14,153 16.4 
c. Clean, repair or improve garage facilities 2,777 3.2 2,777 £ --

Subtotal 22,484 26.1 22,484 26.1 

I overhead operations - distributed: 
B. Stockpile materials: 

1. stockpile aggregates 2,229 2.6 - -
2. Stockpile salt 546 o.6 - --- -- --

2,775 3.2 . -
c. other: 

1. Patrol roads 1,503 1.8 . -2. Prepare bi tUllliooUS cold mix 825 1.0 . . -- -- --- -2,328 2.8 . --- -- -- --Subtotal 5,103 6.o - -
II I Direct -:,perat1one - maintenance of existing system: 

A. Routine surface: 
1. Patch roadway surfaces with aggregate 2,018 2.3 2,612 3.0 
2. Patch roadway surfaces rlth bituminous cold mix 2,8o8 3.3 4,297 5.0 
3. Patch roadway surfaces vith bituminous hot mix 973 1.1 1,176 1.4 
4. made gre.~l surfaces 644 o.8 864 1.0 -- -- -- --

6,443 7.5 8,949 10.4 
B. Special surface: 

1. MudJack concrete pavm.ents 909 1.1 1,091 1.3 
2. Rebuild gre.V9l. surfaces 768 0.9 965 1.1 
3. Seal bituminous and concrete pavements 2,767 3.2 3,481 4.o 
4. Resurface with bituminous mixes 1,095 1.3 ~ 1.8 --

5,539 6.5 7,057 8.2 
c. Shoulder and approach: 

1. Patch shoulders and approaches with aggregate 1,063 1.2 1,451 1.7 
2. Patch shoulders and approaches with bitl.lDinous cold mix ~ ..-"-:2 1,170 1.4 --1,818 2.1 2,621 3.1 

D. Roadside a.nd dre.illage: 
1. Clean and repair ,mpa ved drainage d1 tches 1,321 1.5 1,605 1.9 
2. M:lw roadsides "1th tractor 4,352 5.1 5,162 6.o -- --

5,673 6.6 6,767 7.9 

E. Snow and ice: 
1. Renova snow tram roadway surfaces and shoulders 9,033 10.5 11,187 13.0 
2. Erect snow fences 2,019 2.3 2,504 2.9 
3. Remove snow fences 1,306 1 .5 1,599 1.8 
4. sand roadway surfaces 1,218 1 .4 2,377 2.7 
5. Salt roadway surf'e.ces 764 0 .9 1,363 1.6 
6. Remove ice from roadway surfaces and shoulders 816 1 .0 928 1.1 -- -- --

15,156 17.6 19,958 23.1 

F. Traffic service: 
1. Paint centerlines e.nd edgelines on pn.1,-m.ents 1,098 1.3 1,393 1.6 
2. Erect, replace, repair or pa.int signs and guideposts 1,093 1.3 1,509 1.8 

-- -- -- --
2,191 2.6 2,902 3.4 

subtotal 36,820 42.9 48,254 56:i" -- -- -- --
Total principal operations 64,407 75.0 70,738 82.2 

Othor ovc¥hoad opo,,.tione - dietl""il>uted (inclUding travel y) 8,458 9.7 . . 
other direct opnnitiona - mainta:ntlll.(la o:f exiati.ng system 7,06o 8.o 8,644 9.9 
Direct operations - new construction 3,158 3.7 3,701 4.3 
Mljor non-operational delays 3,142 3.6 3,142 3.6 -- -- -- --

TAWT 86,225 100.0 86,225 100.0 

!/ Travel not covered by separate production studies but is included ae part o:f other studies . 
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2. Overhead operations - undistributed 

Three overhead operations in the undistributed category are reported. 
They are (a) supervise maintenance activities, (b) service and repair 
equipment, and (c) clean, repair, or improve garage and yard facilities. 
A discussion of each operation follows. 

(a) Supervise maintenance activities. Labor time charged to supervise 
maintenance activities was 6.5 percent of TAWT in the three-county control 
area. Foremen accounted for nearly all of this time which averaged 1,851 
hours of NA.WT per county. By definition, the operation included all types 
of activities normally performed by supervisors plus related work and de
lays. The following list indicates the types of supervisory activities 
most connnonly encountered and the specific tasks included in each. 

( 1) Paperwork - prepare or check payrolls, equipment records, requi
sitions, purchase orders, and inventories; read and answer correspondence; 
handle mail at postoffice. 

( 2) Inspect work - check on quality and quantity of work performed 
by maintenance crews. 

(3) Inspect equipment - check on condition of equipment and the need 
for service or repair; test repaired equipment. 

(4) Inspect facilities - check on condition of buildings, yards, etc. 
( 5) Inspect worksites - check on condition of worksites; plan future 

work; lay out future work. 
( 6) Contact public - confer with public about maintenance or any 

other highway functions. 
(7) Confer with or assist superiors - confer with superior from re

sidency, district or headquarters offices about maintenance functions, per
sonnel, equipment, etc.; provide assistance to superior in carrying out 
any of his duties or responsibilities. 

(8) Supervise operations - make up work schedules; give crews work 
assignments; direct crews while performing work; demonstrate work methods 
and train men; conduct meetings concerning safety or administrative pol
icies and procedures; confer with Highway Connnission personnel from other 
departments about maintenance functions; arrange for obtaining needed 
supplies, materials, and equipment (but not the paperwork i nvolved) and 
many other miscellaneous activities. 

By definition, work which was normally performed by equipment operators 
or by both foremen and operators was not included in supervision but in
stead was considered to be part of other operations. Foremen were charged 
to these other operations whenever they spent substantial periods of time 
on such work as patrolling roads, transporting men to worksites, servicing 
or repairing equipment, patching holes, or straightening signs. However, 
if these other operations were performed for only short periods of time 
while foremen were engaged primarily in supervision, the time so spent 
was considered to be nonsupporting work and was charged as part of super
vise maintenance activities. Thus, we find, for example, that these sm.all 
increments of time for patrolling add up to 6 percent of the foreman's time. 
Some work crews operated under the direction of lead operators or mechan
ics. Since these lead operators and mechanics spent only a minor amount 
of time on supervision, the time was charged to whatever operation the 
crew was performing instead of to supervise maintenance activities. How
ever, these lead operators and mechanics did, on some occasion, perform 
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supervisory activities and their time was charged to this operation. The 
a.mount varied widely depending on such factors as the supervisory workload, 
ability of individual operators and mechanics, and absence of regular 
foremen due to illness or other reasons. 

The manner in which supervision was perfonned varied considerably from 
county to county. Contributing factors were the number of men in the 
county crew, number of garages, miles of road maintained, quality of per
sonnel in crew, and personal preferences of foremen. Crew size appeared 
to be of pr:il!la.ry importance. With crews ranging from 4 to 8 men, foremen 
were able to take care of practically all supervision and also spend a 
reasonable amount of time on other operations. Foremen who directed crews 
ranging in size from 9 to 13 men had to spend most of their time on super
vision but were still able to put in some time on other operations. This 
was demonstrated in the control area where crews ranged from 9 to 13 men. 
On the average, foremen spent 75 percent of their t.illle on supervision, 
15 percent on patrol roads, and 10 percent on other operations or delays. 
When crews exceeded 13 men, foremen spent practically all of their time 
on supervision. The exact procedures used for performing each type of 
work included in supervision were developed by individual foremen. To 
some extent, they were influenced by the guidance received from superiors. 
Written sup.ervisory guidelines were generally not available except for 
certain paperwork. 

~ 
A. 

B. 

c. 
D, 

Other 
--""To 

F. 

G. 
H, 
I. 
J. 

TABIE 6o 
SUPER'/ISE MAINTENANCE ACTIVITIES -

DISTRIBUTION OF 204 HOUJ1S NAWT FOR FOREMEN 

IDcation and item 

Primary wo:rl<: items: 
].. Paperw01it 
2. Inspect work, equipment, or facilities 
3, Cont.oct pw,lic 
4. Confar with or assist superior 
5. Supervise operations 

Supporting work items 

Delays - wait on primary work item 
Delays - other: 

l, Idle 
2. Personal 
3. Other 

Total - gnraa,, 

Travel 
Primary work items: 

1. Paperwork 
2. Inspect work or worl<eitee 
3, contact public 
4. Confer with or aaeist superior 
5. Supervise operations 

Supporting worl< items 
Delays - wa1 t on primary worl< 1 tem 
Delays - other 
Nonsupporting woli< i teme ana delays : 

1. Patrol roads 
2. Transport men to and from worksitee 
3. other 

Total - other 

TOTAL 

Total "WO:rk items on aaeigned operation 
(A + B + E + F + G) 

O. 5 percent or lella . 

Percent 
of NAWT 

13 
2 
2 
5 

14 
36 
5 

8 
5 
6 

..12. 
6o 

18 

1 
2 

!I 
1 

..J: 
8 

!I 
3 

6 
2 

__l 
11 

~ 
100 

67 
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TABIE 61 
SUPERVISE MADffl!NAIICE ACTlVITIES -

DISTRIBUTIOII OF 97 HOURI JlAli'l' FOR 'l'RANlJPO~ON TJVCKS AND 
PICK!lPS AS,SIO!lED io me 0PEIWl'I0N 

IDcation Bnd item 

~ 
A. Prilnar,y work items 
B. Supporting work itoma 
c. ~ - wit on prilllsry wo?ic item 
D. Del11¥9 - other 

Total - go.rage 
Other 
~ Travel 

F. Prilnar,y work items 
G. Supporting WOl'k 1tema 
H. Dele.yn - ,mit on primary work item 
I. Delays - othar: 

1. Travel from £oreman ' s residence 1n a.m. 
and to 1'oremo.n'o residence in p.m. 3/ 

2. Other 

J. Unrelated work items Bnd delB¥S: 
l. Patrol road 
2. Transport men to Bnd from worksi tea 
3. Other · 

Total - other 
roTAL 

Total work items on assigned operation 
(A + B + E + F + G) 

Percent 
of NAWT 

l 

l 

10 
6 

- 16 

12 
5 

_J 
20 

14 

_§§_ 
100 

37 

l 0.5 percent or less. j 
Y Foremen were permitted to garage pickups at their residences so that 

transportation would be avaiiable if they were called out on an ' 
emergency. Pickups were charged with delB¥S for this travel time 
but foremen were not charged with BnY ti= since they were con
sidered to be off duty. 

A number of production 
studies were made on foremen. 
The study data presented 
cover their time while per
forming work included in 
supervision and time spent 
on other types of work which 
were carried out incidental 
to supervision. Major 
periods of time spent on 
other operations, such as 
patrolling, were excluded. 
Study data indicate that 
delays accounted for a rel
atively large proportion of 
foreman' s NA.WT. Incidental 
nonsupporting work also ac
counted for a large propor
tion of NAWT and of'ten in
volved work which could have 
been done by other men. More 
effective use of foremen's 
time could be accomplished 
by (1) reducing delays, (2) 
reducing the amount of time 
spent on paperwork, and (3) 
reducing the time spent on 
incidental unrelated work. 
No conclusions can be drawn 

concerning tillle utilization for equipment operators and mechanics who 
perfonned work included in supervision since they were not studied to any 
extent. 

(b) Service and repair equipment. This operation accounted for 16.4 
percent of labor TAWT in the three-county control area. Tillle for men and 
equipment was charged to this operation only when they spent a continuous 
period of 30 or more minutes on service or repair work. Periods of less 
than 30 minutes were not charged; instead they were considered to be de
la-ys chargeable to other operations which were underway at the time. 
Most service and repair 'WOrk performed by maintenance forces involved 
their own class "A" and "B" equipment units but they also -worked on equip
ment units assigned to other High-way Commission organizations. Control 
stuey records show that 15.1 percent of labor TAWT ·was for service and 
repair of their own class "A" and "B" equipment while 1.3 percent was ex
pended on equipment units assigned to other commission organizations. 
The amount of time expended on this operation varied considerably from 
season to season. A major peak occurred during winter months . The graph 
in Figure 5 indicates observed variations in the control area during the 
stuey year. 

The bulk of service and repair work -was handled by maintenance forces. 
One or more garages in each county were equipped with hand tools, chain 
or hydraulic hoists , air operated grease guns, welders, steam cleaners, 

- air compressors, grinders, and other shop equipment required for serv
icing and routine repairs. They were not equipped for certain specialized 



other 
organizations' 
equipment I 

1-----------1 1,500 

• : • ;4 •••• ·.-.. - ,:,:- - -:-: 

.... 

. : ... :-

Maintenance 
organization's 
equipment 

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. 
- MONl'H -

500 

Figure 5. Labor time expended on service and repair equipment. 
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repairs such as reboring motor blocks, refacing brake drums, wheel align
ment, and body work. Such 'WOrk was handled by local commercial garages 
or the central shop in Ames. Occasionally, local commercial garages took 
care of routine repairs when county garages were overloaded and unable 
to work on critically needed equipment units. 

Each garage bad a small stock of frequently used supplies and repair 
parts. They were obtained from the Central Office stores, carried on 
inventory, a.nd charged out as used. other types of supplies and repair 
parts were obtained for immediate use. These latter items were either 
requisitioned from the Central Office stores or purchased from local 
commercial suppliers. 

The crews assigned to this operation varied considerably, depending 
on the type of work, amount of work to be done, and availability of men. 
Usually, each garage had one or more mechanics who devoted most of their 
time to the operation. Equipment operators regularly assisted mechanics 
with major repair items and performed service and minor repair items. 
Crew sizes ranged from 1 to 10 men at any one time but fluctuated during 
each day. Equipment units used by these crews included trucks, pickups, 
tractors, and front-end loaders. Most -work was performed at garages but 
some servicing and emergency repairs were done on the road or at worksites. 
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Service -work accounted for about one-third o:f all labor time charged 
to the operation. It included such items as lubrication, changing oil, 
changing oil filters, cleaning air filters, checking tires, cleaning cabs, 
and washing. Most of these items were accomplished by equipment operators 
working under the general direction of mechanics and foremen. Crews ranged 
from 1 to 3 men, but one-man crews were most common since each major 
equipment unit was informally assigned to an operator. Work methods were 
about the same as would be encountered in a:ny commercial garage or service 
station. As might be expected, the bulk of all service -work was performed 
on trucks, since they outnumbered other types of major equipment units. 
Several common service items for trucks were studied repeatedly. Study 
data revealed that the average time expended on these common items was: 

Service item 

Lubrication {including cleanup 
and routine checking) 

Change oil 
Change oil filter 
Clean air filter 

Figure 6. Mechanic repairing 
equipment in garage. 

Figure 7. Operators repairing 
sickle bar mower in field. 

Average labor time 
expended per truck (min.) 

60 
19 
20 
11 

Repair -work accounted for 
two-thirds of all labor time 
charged to the operation. 
About half of the time -was 
put in by mechanics, the 
remainder by equipment oper
ators. Mechanics generally 
concentrated on the more 
difficult i terns. All types 
of routine repairs were done 
on motors, power trains, 
chasses, bodies, electrical 
systems and attachments. 
Equipment operators assisted 
mechanics with difficult re
pair items and did many minor 
items under their general 
direction. Crews ranged 
from 1 to l _0 men and of'ten 
worked on several equipment 
units at the same time. 
Many emergency repairs were 
done on the road or at work
sites by equipment operators, 
but often mechanics made 
special trips to perfonn 
such work. A substantial 
portion of mechanics' time 
was spent obtaining supplies 
and repair parts. Numerous, 
trips were made to local 
connnercial suppliers for 
this purpose. When mechanics 



were busy, repair parts and 
supplies were usually obtained 
by foremen. 

A large number of produc
tion studies were made on this 
operation. Study data on all 
types of service and repair 
work have been grouped for 
presentation in this report. 
It should be noted that stud
ied crews did not necessarily 
spend the same proportion of 
time on each type of work as 
all crews assigned to this 
operation in the control area 
during the study year. Study 
data indicated that delays 
due to personal reasons, idle, 
start late, excess lunchtime, 
and quit early averaged 16 
percent of labor NA.WT. A :fur
ther investigation determined 
that delays due to these 
reasons averaged only 10 per
cent when crews consisted of 
one mechanic but was 18 per
cent when crews consisted of 
a mechanic and one or more 
equipment operators or en
tirely of equipment operators. 
The higher proportion of these 
delays for crews incl uding 
equipment operators indicates 
that these men were often 
assigned to this operation 
when they had nothing else to 
do. This frequently happened 

TABIE 62 
SERVICE AND REl'AIR EQUIPMENT -

DISTRIBUTION OF 530 HOURS NAWT FOR MEN ASSIGNED 
ID THE OPERATION 

Location and item 

~ 
A. Primary work items: 

L Grease and. oil 
2. Clean and. wash 
3. Other service 
4. Repair motor and. power train 
5. Repair chassis and. body 
6. Repair hoist and. attachment 
1. Repair tire 
8. Repair electrical system 
9. Other repair 

10. Change attachment or make other 
modification 

11. Inspect and. test unit 

B. Supporting work items 
c. Delays - wait on primary work item 
D. Del a ys - other: 

L Id.le 
2. Personal 
3. Other 

Total - garage 

Other 
~ Travel to, from, or between work-

sites 
F. Primary work items 
G. Supporting work items 
H. Delays - wait on primary work item 
I. Delays - other 
J. Nonsupporting work items and. delays 

Total - other 

IDTAL 
Total work items on assigned. operation 

(A+ B + E + F + G) 

y O. 5 percent or less • 

Percent 
of NAWT 

1 
5 
5 
1 
6 
6 
3 
3 
2 

2 
2 

- 48 
12 

3 

8 
5 

ll 
- 24 

5 
1 
2 
y 
1 
4 

87 

100 

68 

during the winter season and other periods of inc.lement weather. Obser
vations also indicated that some crews were so large that mechanics spent 
most of their time giving instructions or advice to operators and did 
not, themselves, accomplish much -work. In general, the operation -would 
be much more efficient if crews were limited to the number of men actu
ally required to accomplish needed -work and if the majority of repair 
work was perfonned by mechanics or regular mechanics' helpers. Accom
plishment would also be greater if all garages were equipped with addi
tional power tools, hydraulic hoists and a more complete stock of 
supplies and repair parts. 



TABIE 63 
SERVICE AND RE:PAIR EQUJl'MENT -

DISTRIBUTION OF 47 HOURS NAWT FOR TRANSPORI'A'l'!ON 
TRUCKS AND PICKUPS ASSIGNED '.00 'll:IE OPERATION 

location and item 

~ 
A. Primary 'WO:rlt items 
B. Supporting 'WO:rlt items 
c. Delays - wait on primary 'WOr.k item 
D. Dela.ya - other 

Total - garage 

Other 
~ Travel to, f'rbm, or between 'WOrk-

sites 
F. Prilllary 'WOr.k items 
G. Supporting w:rlt items 
H. Delays - 'liait o.n primary work 

item 
I. Dela.ya - other: 

l. We.it on obtain equipment 
parts and supplies 

2. Pa.:rlted while men wrk 
3. Other 

J. Nonsupporting work items a.nd delays 

Total - other 
'11'.lTAL 

Total work items on assigned operation 
(A+ B + E + F + G) 

TAB!E 64 

Percent 
of NAWT 

l> 
8 
8 

l 
12 

- 25 

36 

3 

3 

31 
2 

_.TI 
100 

46 

SERVICE AND REPAIR EQUIPMENT -
DISTRIBUTION OF· 8 HOUBS NAWT FOR TRAC'.00118 AND FRONT 

END I.OADE11S ASSIGNED '.00 THE OPERATION 

location and item 

~ 
A. Prilna.ry wrk items: 
B, Supporting 'I/Ork items: 

l. Maneuver 
2. I.oa.d or unload supplies 
3, Other 

C, Delays - wait on primary work item 
D. Delays - other: 

l. Parked -while men work 
2. Other 

Total - ga.ra.ge 
Other 
~ Travel to, from, or between work-

sites 
F. Prims.ry wrk items 
G. Supporting wrk items 
H. Delays - wait on pr:!Jna.ry wrk item 
I. Delays - other: 

l. Stuck or tow stuck unit 
2 . Other 

J. Nonsupporting work items a.nd delays 
Total - other 

'11'.lTAL 
Total work items on assigned operation 

(A+ B + E + F + G) 

l 0.5 percent or less. 

Percent 
of NAWT 

y 
14 

5 
5 

- 24 
20 

12 
8 

20 
64 

10 
l 
2 

9 
6 

15 
8 

36 
100 

37 



(c) Clean, repair, or improve garage and yard facilities 

I.a.bar time charged to this operation accmmted for 3 .2 percent of TAWT 
in the three-county control area. Work was performed on buildings, fences, 
loading docks, yards, and all other facilities used in maintenance oper
ations. M:l.intena.nce forces performed many different types of work in 
order to keep these facilities in operable condition. The following 
tabulation lists the most common types according to their approximate 
frequency of occurrence. 

TABLE 65 
TYPES OF WORK INCLUDED IN OPERATION 

Types performed Types performed one or Types perfonned at 
daily or weekly more times each year irregular intervals 

1. sweep floors 1. Wash windows and walls 1. Repair buildings, 
2. Clean workbenches 2. Clean oil sumps sheds, fences, etc. 
3. Clean restrooms 3. Remove snow from side- 2. Paint buildings and 
4. Clean and tend walks and drives sheds 

:furnaces 4. Blade drives and yards 3. Regrade yards 
5. Dispose of trash 5. Restockpile materials 4. Remove sheds, docks, 
6. Mow law 6. Dispose of unusable fences, signs, etc. 

materials 5. Erect new sheds, 
7. Haul coal for :furnaces docks, fences, 

signs, etc. 
6. Repair or replace 

utility lines 

Crews assigned to this operation varied considerably according to the 
type of work, amount of work to be done, and availability of men. The 
types of work performed daily or weekly were usually carried out by crews 
of 1 to 5 men. The types performed at longer intervals were handled by 
crews of 1 to 12 men. These crews utilized hand tools, trucks, draglines, 
motorgraders, tractors, front-end loaders and other types of equipment 
as needed. No general statements can be made concerning methods since 
there -was so much variety in the work. 

Production studies were conducted on crews performing several differ
ent types of work. D3.ta have been grouped for presentation. It should 
be noted that the studied crews did not necessarily spend the same pro
portion of time on each type of work as all crews assigned to this opera
tion in the control area during the study year. Study data showed delays 
due to start late, excess lunch time, quit early, idle and personal reasons 
amounted to 16 percent of labor NAWT, This is much higher than found for 
many operations and indicates that men.were often assigned to this opera
tion 'When no other wrk was available. This frequently happened during 
the winter season and other periods of inclement weather. The operation 
would be much more efficient if crews were limited to the number of men 
actually required to accomplish needed work. Some types of work, such 
as replacement of utility lines or erection of new facilities, could 
probably be done more efficiently by contractors since maintenance crews 
did not have the proper tools, training or experience. 



TABIE 66 
CIEAN, REPAIR, OR IMPROVE GARAGE AND YARD FACILITIES 

DISTRIBUTION OF 83 HOURS NAWT FOR MEN ASSIGNED 
TO THE OPERATION 

Location and item 

Garage 
A, Primary work items: 

1. Erect or remove facility 
2. Clean building 
3, Clean yard 
4. Restockpile supplies and materials 
5. Dispose of trash 
6. Other 

B. Supporting work items 
C. Delays wait on primary work item 
D. Delays - other: 

1. Idle 
2. Instructions 
3. Other 

Total - garage 
Other 

E. Travel to, from, or between worksites 
(including haul) 

F. Primary work items 
G. Supporting work items 
H. Delays - wait on primary work i tern 
I. Delays - other 

Total - other 

TOTAL 
Total work items on assigned operation 

(A+ B + E + F + G) 

!/ 0. 5 percent or less 

TABIE 68 

Percent 
of NAWT 

29 
13 
6 
6 
2 
1 

12 
4 
8 

57 
8 
4 

- 24 

4 
1 
2 

93 

71 

CIEAN, REPAIR, OR IMPROVE GARAGE AND YARD FACILITIES 
DISTRIBUTION OF 1 HOUR NAWT FOR DRAGLINES 

ASSIGNED TO THE OPERATION 

Percent 
Iocation and item of NAWT 

Ot her 

E. Travel to, from, or between worksites 
F. Primary work items 
G. Supporting work items: 

1. Load soil 8 
2. Other 4 

H. Delays - wait on primary work item 
I. Delays - other 

TOTAL 

Total work items on assigned operation 
(E + F + G) 

12 

88 
100 

12 

TABIE 67 
CIEAN, REPAIR, OR IMPROVE GARAGE AND YA.RD FACILITIES 

DISTRIBUTION OF 6 HOURS NAWT FOR TRt)c)(B ASSIGNED 
TO THE OPERATION 

Iocation and item 

Garage 

A. Primary work items: 
1. Ioad trash 

B. Supporting work items: 
1. Ioad or unload materials 
2 . Other 

C. Delays - wait on primary work item 
D. Delays - other: 

1. Instructions 
2 . Parked while men work 
3. Other 

Tl::>tal - garage 
Other 
E. Travel to, from, or between worksites 

(including haul) 
F. Primary work items 
G. Supporting work items 
H, Delays - wait on primary work item 
I. Delays - other 

Total - other 
TOTAL 

Total work items on assigned operation 
(A+ B + E + F + G) 

TABIE 69 

Percent 
of NAWT 

9 

10 
6 

14 
...l2. 

52 

35 
1 
6 

6 
-48 

100 

62 

CIEAN, REPAIR, OR IMPROVE GARAGE AND YARD FACILITIES 
DISTRIBUTION OF 2 HOURS NAWT FOR FRONT END LOADERS 

ASSIGNED ID THE OPERATION 

Iocation and item 

~ 
A, Primary work items: 

1. Dispose of trash 
2. Restockpile aggregate 

B. Supporting work items 
C. Delays - wait on primary work item 
D. Delays - other: 

1. Wait on dispose of tn1sh 
2. Parked while men work 
3. Other 

TOTA..., 

Total work items on· assigned operation 
(A+ B) 

Percent 
of NAWT 

22 
5 

-27 
8 
1 

100 

35 
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3. Overhead operations - distributed 

In the category of overhead operations - distributed there are four 
principal operations on which production studies are reported. They are 
(a) stockpile aggregates, (b) stockpile salt, (c) patrol roads, and (d) 
prepare cold mix. Discussions and production study data for these four 
operations follow in the order named. 

(a) Stockpile aggregates . This operation covered loading, hauling, 
and stockpiling all aggregates which were not destined for immediate use. 
Most aggregate stockpiled in the three-county control area -was sand or 
cinders for use during winter maintenance operations. However, some 
crushed stone -was also stockpiled for surface and shoulder maintenance 
operations. 

Aggregates were obtained from several sources in the control area. 
Sand came from a leased river bottom pit; cinders from the power plant at 
a State institution; and crushed stone from commercial quarries. Outside 
the control area there were other sources such as State owned gravel pits. 
It should be noted that the State often contracted for loading, hauling 
and stockpiling aggregates when large quantities were involved. 

Crews assigned to this operation varied considerably in size. Those 
observed ranged from one man and one truck up to 7 men, 6 trucks, a drag
line or front-end loader, and a pickup. Generally speaking, smaller 
crews were used when aggregates were not loaded by State equipment; larger 
crews were used when loading "18.S done by State owned draglines or loaders. 
The amount of aggregates handled at one time also varied considerably. , 
Some small crews spent only a few hours on the operation while some large 
crews stockpiled for several days in succession. When aggregates were 
loaded by State equipment, one man operated a dragline or loader and 3 to 
6 men operated t rucks hauling to stockpiles. When aggregates were obtained 
from sources where loading "18.S not done by State equipment, 1 to 4 men 
operated trucks hauling to stockpiles. Occasionally a dragline or loader 
was used for a short period reshaping dtm1ped aggregates. 

Production studies of this operation were limited. Studied crews 
hauled from one State stockpile to another, from a leased sand pit to a 
stockpile, and from the power plant at a state institution to a stockpile. 
In the first two cases, loading was done by a State dragline; in the 
latter case, aggregates were loaded from a bin. No studies were made on 
crews which obtained aggregates from commercial quarries. The haul dis
tance observed on studies averaged 21 miles with a range from l to 32 
miles. Haul and return speeds both averaged 35 mph. Average size of 
loads hauled was 4.6 cu yd. 

Analyses of study data indicate that crews engaged in this operation 
were unbalanced when State draglines or loaders were used for loading 
aggregates. More trucks were needed to match hauling capacity to loading 
capacity. The incidence of delays due to -wait on loading is also signi
ficant. It reflects "bunching" of trucks which caused them to wait on 
each other at times while the dragline waited on trucks at other times. 
study data also revealed that the average dump time was over 5 minutes 
per load. An analysis showed that this average was heavily influenced 
by the very long (up to 20 minutes) dump time for trucks equipped with 
spreader beds • 



TABIE 70 
S'IDCKPIIE AGGREGATES -

DISTRIBUTION 01' 69 HOURS NAWT !'OR MEN ASSIGNED '.ID THE OPERATION 

1Dcat1011 and item 

IoadioS - \ll)J'k.Di lO 
,. . C:yolia von< { tcmo: 

1. Excavate and load aggregate 
2. Resbape stockpile 
3. Maneuver to excavate or reGhape 
4. Maneuver to load {hauling W1it 

exchange) 

B. Supporting work i teme 
C, Delays - "'ait on cyclic work item: 

L Wait on load aggregate 
2. Other 

D. Delays - other 

Total - loading worksitc 

Unloading - Workeite 
A. Cyclic swork iteIDD: 

l. llnload aggregate 
42' . le shape stockpile 
3. Maneuver to unl.oad. 
4. Maneuver to reshape 

B. Supporting work items 
C. Delays - wait on cyclic work item 
D. ~lays - other 

Total - unloading workaite 

Other 
E. Travel to, from, or between wo:rksites 

( including ha\Ll and return) 
F. Supporting work 1 teme 
G. Delays 
H, Non-supporting wrk 1 tems and delays 

Total - other 

TOTAL 

Total work iteJllB on assigned operation 
(A+ B + E + F) 

y 0. 5 pol"Cant or loa.n. 
fl Based on aggregate hauled. 

Percent 
of NAWT 

6 
!I y 

! 
7 
1 

5 
l 

8 

...2 
25 

7 
2 
1 
y 

10 
1 
!I 
3 

14 

48 
3 
9 

...! 
...§! 

100 

70 

TABIE 72 
S'.IDCKPIIE AGCREQATEB -

Perfo:rmance 
(Avg per hour) 

59 .0 c.u yd 
50 .0 cu yd 

45.4 cu yd 

12.5 cu yd 'ij 

48.2 cu yd 
"8.3 cu yd 

33,3 cu yd 

23.8 cu yd 'ij 

3-2cuyd'ij 

DISTRIBUTION OF 5 HO!Jre NAWT FOR TRANSPORTATION PICKUPS ASSIGNED 'IO 
'HIE OPERATION 

Location and item 

Ioodlng 6n4 Unloa41ng - 1/o.rkdt.aa 

A. Cyclic work i tero.o 
B. Supporting work items 
C. Delays - 'W8.i t on cyclic wrk 1 tem 
D, DelayB - other: 

l, Parked Wile men work 
2. Other 

Total - loo.ding and unloading -work-
ettee 

~ 
E. Travel to, from, or between worksitee 
F. Supporting work 1 tems 
G: Delays 

Total - other 

TOTAL 

Total. votit items on assigned operation 
(A+ B + E + F) 

Pen:ent Perf'o:rmance 
of NAWT ( Avg per hour) 

1 

85 
...2 
~ 

91 

18 mph 

4 
--2 
100 

6 

TABIE 71 
S'.IDCKPIIE AGCREGATES -

DISTRIBUTION OF 55 HOURS NAWT FOR TRUCKS ASSIGNED '.ID ll!E OPERATION 

location and i tern 

1.oad.1nl - 1/orklit.a 

A. Cyclic work items: 
1. I.cad aggregate 
2. Maneuver to load 

B. Supporting work i tema: 
c. Delays - wait on cyclic work item 

L Wait on other truck load 
2. Other 

D, Delays - other 

Total - loading worksite 

Unloe.din5 Wor:k.eite 

A, Cyclic work items: 
1, Unload aggregate 
2. Maneuver to unload 

B. Supporting work items 
c. Delays - wait on cyclic work item 
D, Delays - other 

Total - unloading worl!:si te 

~ 

Percent 
of' NAWT 

6 

2 
8 
y 

4 
!I - 4 

_§_ 
18 

8 
2 

10 
1 
!I 

_]_ 
14 

Porto,n:;OJK:e 
(Avg ~r hour) 

63.5 cu yd 

49.3 cu yd 

22 .4 cu yd 'ij 

5L5 cu yd 

42.0 cu yd 

28.3 cu yd 'ij 

E. Travel ta, ff'C0.1 or bet.wen workaites 
(includills bAuJ. ana t11turn) 58 34 mph 

F. Supporting wrk i terns 
G. Deloye 
H. Non-supporting work items and delays 

Total - other 

1'lTAL 

Total woli!: items on assigned operation 
(A+ B + E + F) 

I} 0,5J)ercanti or Uno, 
g/ Booed on agarel!"te hauled. 

TABIE 73 
S'.IDCKPIIE AGCREGATES -

2 
8 
!I 

68 

100 

79 

DISTRIBU'l'ION OF 12 HOURS NAWT FOR DRAGLINES ASSIGNED 'IO THE OPERATION 

location and item 

l.oadl.nS - llol1<dto 

A. Cyclic 'WOrk items: 
1, Excavate and load aggregate 
2. F,eehape stoc:kpil.e 
3. Maneuver to excavate or reshape 

B. Supporting wrk 1 tems 
C. Del~ - w.i t on cy-clic work item 
D. Delays - other: 

l, Shortage of' trucks 
2. Other 

Total. - loading worksi te 

Uttloa4.l0/I - llo"'4:1tc 
A. Cyclic wrli items: 

1. Reshape stockpile 
2. Maneuver to reshape 

B, Supporting worlc 1 tem.e 
C. Del.aye - we.1 t on cyclic vork item 
D, Delays - other 

Total - unloading wrltei te 

~ 
E. Tnlvel to, from, or between -worltsites 
F. Supporting work items 
G, Delays 

Total - other 

TOTAL 

Total work items on assigned operation 
(A+ B + E + F) 

Percent Perfoim8llce 
of NAWT (Avg per hour) 

27 64.3 cu yd 
2 50 cu yd 

...! 
30 

5 
2 

26 
_§_ 

E 
69 25.5 cu Y11 

lt "8.4 cu yd 

9 y 
l 

2 
12 y 

9 20mph 
2 

..§. 
.12 
100 

56 

'fl o. 5 pen:ont or .lou. 
"!/ No accomplishment computed, 'lbie type of equipment has no regular 

pattern for time spent at unloading wor:kei te. 



(b) St ockpile salt . The State used bulk rock salt extensively in win
ter maintenance operations. Salt was purchased under contract and deliv
ered to garages by commercial haulers in semitrailer trucks. This opera
tion, therefore, involved only unloading the salt from comm_ercial trucks 
and stockpiling it in sheds. 

Crews assigned to this operation consisted of 4 to 6 men and a truck 
or front-end loader. In all cases observed, crews utilized a homemade· 
drag bucket pulled by a cable attached to a truck or front-end loader to 
unload salt from the commercial trucks. Normally, two men took turns 
positioning and guiding the drag bucket; one man operated a truck or loader; 
one man signaled the truck or loader operator when to maneuver back and 
forth; and one or two men cleaned out the commercial truck bed with shovels 
and brooms. The cornmercial trucks usually were able to back part way into 
salt sheds so that the salt could be deposited directly in stockpiles. 
However, on some occasions front-end loaders were used to shape the stock
piles af'ter unloading had been completed. The average quantity of salt 
in each load was about 20 cu yd or 38,000 lb. 

Production studies of this operation showed that it was less efficient 
than many other types of maintenance work. There \ra.S too much hand effort 

Figure 8 • Unloading salt from 
commercial truck. 

Figure 9. Unloading salt with drag 
bucket. 

and delays were relatively 
large. However, it should be 
noted that the delay for in
structions principally con
sisted of the time one man 
spent signaling the operator 
of a truck or loader which 
operated the drag bucket. 
Perfonna.nce under present 
conditions could have been 
increased somewhat if all 
crews had consisted of four 
men and a truck or loader. 

An economic analysis 
should be made to determine 
if it is feasible to recon
struct existing salt sheds 
so as to eliminate a large 
portion of the labor and 
equipment time now expended 
on utockpiling. If possible, 
such reconstruction should 
also reduce the time required 
to load trucks with salt 
since this can be a critical 
factor during snow and ice 
control operations. 



TABIE 74 

STOCKPIIE SALT -

TABIE 75 

STOCKPIIE SALT -
DISTRIW!'ION OF 33 HOURS NAWT FOR MEN ASSIGNED ro "1E OPERATION DISTRIBUTION OF 9 HOURS NAWT FOR TRUCKS ASSIGNED ro "1E OPERATION 

location and item 

~ 
A. Cyclic wolk 1~: 

1. Un.J.oad salt by band 
2. Un1oad salt w1 th diag bucket 
3. Heposi tion dreg bucket 
4. Maneuver to unload 

B. Supporting vork 1 teme 
C. De le.ye - wait on cyclic work 1 tem 
D. Delays - other: 

1. InstructionG 
2. Taking l.~ll-earned rest 
3. Idle 
4. Other 

Total - wrksi te 

~ 

Percent 
of NAWT 

5 
20 
7 

...1 
37 

9 
3 

12 
5 
4 

19 
-!!Q 

89 

Perfo:nnance 
(Avg per hour) 

l.4 tone 
20.4 tone 

11.0 tone y 

4.6 tone y 

location and item 

~ 

A. Cyclic work items: 
1, Unload salt with dreg bucket 
2. Maneuver to unload 

B. Supporting voik 1 tems 
C, Delays - -w.:1. t on cyclic wrk 1 tem: 

l. We.it on reposition drae; bucket 
2. Other 

D, Delays - other: 
1. Parked Wile men work 
2. other 

Total - work.site 

~ 

E. Travel to, from, or between ltOrlcsitee 2 
3 
6 

E. Trawl to, from, or between workaitee 
F , Supporting work 1 tems F. Supporting wortt 1 tems 

G. De~e 
H, Non-supporting work items and delays 

Total - other 

Total work 1 tems on assigned operation 
(A+ B + E + F) 

ll<ulod oo oal,t unloallod vJ 
Y 0.5 percent or less. 

_1/ 

..1! 
100 4.o tons Y 

51 

G. Delays 

Total - other 

roTAL 

Tota1 wotk items on sssigned operation 
(A+ ,B + E + F) 

TABIE 76 

STOCKPIIE SALT -
DISTRIBUTION OF 2 HOURS NAWT FOR IDADEffi ASSIG!fED ro THE OPERATION 

IDcation and item 

Worksite 

A. Cyclic wons: 'lt.C.ClO; 
l. Unload ealt vJtb dxag buoket 
2. Maneuver to unload 

B. Supporting work 1 tems 
c. Delays - we.it on cyclic work item: 

1. Wait on unload salt by hand 
D. Delays - other: 

1, llerut,1 
2. Other 

Total - works! te 

~ 

E. Travel to, from, or between works:Ltes 
F. Supporting work: items 
G, Del&y"s 

Total - other 

TOTAL 

Tota.l worlc items on assigned operation 
(A+ B + E + F) 

Percent Performance 
or NAWT (Avg per hour) 

31 
22 
- 53 

5 

6 

7 
4 

:!l 

76 

24 

100 

6o.9 tons 

25.e tons y 

19 mph 

y Patoo oaooa. on oalt W>loa4od "1th ~ """••• plw, oalt unloaded by 
hand. 

Percent 
of NAWT 

15 
g 

27 
7 

6 
...! 

7 

36 
11 
-il 

88 

Perfo:rma.nce 
(Avg per houi-) 

69.1 tone 

37.9 tons y 

20.3 tons y 

3 20 mph 
2 

-1 
_g 

100 

39 
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( c) Patrol roads. State policy called for weekly inspections to as
certain the condition of surfaces, shoulders, roadsides, bridges, signs, 
guardrails, and other highway installations on all road sections. Most 
road sections were actually inspected more often than called for by the 
policy, particularly during winter months. These inspections were usually 
accomplished by patrolling. In some instances, however, they were handled 
by crews wich covered road sections during other operations. 

Most patrolling was performed by one-man crews equipped with a pickup 
or truck. In some counties, the bulk of patrolling was done by foremen; 
in others, patrolling was done in large part by equipment operators. The 
normal procedure was to travel over road sections at about 30 mph visually 
checking conditions. It was sometimes necessary to stop for a close in
spection of certain areas. On some occasions, crews spent a small amount 
of time on other operations during patrolling. For example, a small hole 
might be patched with bituminous cold mix to eliminate a traffic hazard. 
The time so spent was considered nonsupporting work and included in the 
patrol road operation. 

Production studies of this operation were very limited. They were 
confined to crews consisting of two men· and a truck. Since the bulk of 
patrolling was done by one-man crews, study data are not entirely typical. 

TABIE 77 
PATROL ROADS -

DISTRIBUTION OF 15 HOURS NAWT FOR MEN ASSIGNED 'fO THE OPERATION 

!.Dcation and item 

1/ol'kaitc 
~c work items: 

1. Patrol roads 
2. Inspect problem area 

B. Supporting work 1 tem 
C. Delays - wsit on cyclic work item 
D. Delays - other: 

1. Personal 
2. Other 

Total - worksi te 

E. Travel to, from, or between worksites 
F. Supporting work 1 tems 
G, Delays 
H. Nonsupporting work items and delays 

Total - other 

'fOTAL 

Total work 1 tem.s on assigned operation 
(A+ B + E + F) 

Percent Per:fo:rmance 
of NAWT (Avg per hour) 

58 
...! 

59 
2 

6 
3 

-.2. 

9 
2 

18 
1 

70 

_lQ 
100 

72 

16 lane-mi 

16 lane-mi 

13 l.e.ne-mi 

9 lane-mi 

TABIE 78 
PATROL ROADS -

DISTRIBUTION OF 8 HO!Jre NAWT FOR TRIJCJ<S AND PICKUPS ASSIGNED 
'ID '.m1l OPERATION 

location and item 

~ 
A. Cyclic work item: 

1. Patrol roads 
B. Supporting wrk item 
C • Delays - wait on cyclic work 1 tem 
D, Delays - other: 

l. Personal 
2. Other 

Total - work.st te 

E. Travel to, from, or between workeitee 
F. Supporting 'WOrk 1 te:ms 
G. Delays 
H. Nonsuppo"rt1!lg work items and delays 

Total. - other 
'fOTAL 

Total work 1 teme on assigned operation 
(A+ B + E + F) 

Percent Performance 
of NAwr ( avg per hour) 

59 29 lane-mi 
1 
1 

6 
_I,_ 

...12. 
71 24 lane-mi 

9 31 mph 
2 

17 
1 

.:§_ 
100 

71 
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( d) Prepare bituminous cold mix . Considerabl e quantities of bitumi
nous cold mix were used for surface and shoulder maint enance operati ons . 
In the three-county control area, State maintenance crews used approximately 
2,800 tons or 1,900 cu yd during the one-year study period. About one
third of this total was obtained from commercial plants; the remainder was 
prepared by State crews. This operation covers the work done by these 
crews while preparing bituminous _cold mix. 

The bituminous cold mix consisted of aggregate and MC-3 or MC-4 asphalt. 
Aggregate was obtained directly from connnercial quarries or drawn from State 
stockpiles. Asphalt was obtained from storage tanks located near most 
garages. 

Crews assigned to the operation varied to some extent. A basic crew 
usually consisted of 4 men, a truck, a motorgrader, a front-end loader, a 
distributor, and sometimes, a Seaman mixer towed by a tractor. This crew 
was supplemented by 2, 3, or 4 men and an equal number of trucks when ag
gregate was being obtained from a coll1lllercial quarry or a distant State 
stockpile. Worksi tes were generally located at garages or a State stock
pile. Aggregate was either hauled by trucks and dumped in a windrow or 
transferred by a loader from an adjacent stockpile to a windrow. On some 
occasions the windrowed dry aggregate was mixed by a motorgrader to insure 
uniformity of gradation. Then a distributor towed by a truck made one or 
more passes to spray asphalt. The aggregate and asphalt were mixed by a 
motorgrader until the asphalt was uniformly distributed. On some occasions, 
additional mixing was done by a Seaman mixer towed by a tractor. After com
pletion of mixing, a motorgrader reshaped the windrow so that material could 

'MBI.1!79 
PllSl'ARE BI=ous COLD MIX -

DISTRIBUTION OF 49 HOURl NAWT FOR MB1i ASSIGNED 'IO mE OPERATION 

location and item 

ICO.a..u.&.\oe· 

(. C;ynllc wo?!< items: 
1. Mix <Ir)' aggregate '.With motorgma,,r 

2. Sp:ray asphalt with dietributor 

3. Mix aggregate and uphalt with motor
gl'B<ll,r and loader 

4. Roposition motorgrader blade 
5. Maneuver to miX or ep:ray 

B. Supporting wo?!< items 
c . De~ - w.it on C)'Qlic wo?!< items : 

1. Wait on miX aggregate and aophalt 
2. other 

D. De~ - other 
Total • w:rltsi te 

Other 
ii:°Trevel to, ncm, or betwen wo11<sitea 

( 11lcl1141Dg haul ena ret11m) 
F. Supporting work items 
o. De~: 

1. Wait on heat asphalt 
2 . Wait on ioad aggregate and asphalt 
3. Other 

H. Non-eupporting wolit items and de~ 

Total - other 

TOTAL 

Total wo:rlt i tema on aaoisned operation 
(A+ B + E + F) 

!/. l!Blled on qgregate miXad with aapha].t. 
g/ 0.5 percent or leBB. 

Percent 
of NAWT 

l 

2 

Pertol'm81lce 
(Avg per hour) 

53.6 cu yd 
l,64o gal 
uo.5 cu yd y 

4o .5 cu yd!/ 

14.l cu :,d !/ 

44 4.4 cu yd y 

28 
4 

100 1.9 cu :,d !/ 

52 

be easily loaded when needed 
for surface patching or 
other operations. 

Crews engaged in prepar
ing bituminous cold mix 
were studied on several 
occasions. Most of the 
time, aggregate was ob
tained at commercial quar
ries and hauled by State 
trucks to the worksite. 
'Ille crews studied used a 
motorgrader for most of the 
mixing and were note
quipped with Seaman mixers. 
Production study data in
dicate that this was a rel
atively inefficient oper
ation. Generally, only one 
or two men and one or two 
equipment uni ts were work
ing at any one time. The 
remainder of the crew were 
in delay status. A better 
balance between labor and 
equipment and the use of 
men to perfonn more than 
one task would have result
ed in greater efficiency. 
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The type of bituminous mixtures used in Iowa were of a perishable na
ture. Normally, they were not stockpiled for more than a few weeks. '.lb.is 
prevented purchase of large quantities under contract for stockpiling or 
preparation of large quantities by efficient, large, properly equipped State 
crews. Other States have developed bituminous cold mixes which can be 
stored for months or even years. The development of such mixes for use in 
Iowa would result in a considerable saving in costs over present methods of 
procurement or preparation. 

TABIE Bo 
PllEPARE BI'ruMINOUS corn MIX -

DISTRIBUTION OF 30 HOURS NAWT FOR TRUCKS ASSIGNED '.ro lllE OPERATION 

!Dcation and 1 tem 

Worksite 
~c vork items: 

1. Spray &Elphe.l.t vith. distributor 

2. Maneuver to spray 

B. Supporting work items 
c. Delays - .mit on cyclic -work items: 

1. Weit on mix aggregate and sepbal.t 
2 . other 

D. Delays - other 

Tote.J. - workei t.e 

Other 
E7'Travel to, t,:ta_, Ot' lxit\r.1Hln worlu1ites 

( including how. o.nd ro tum) 
F. Supportina wlk it.ems 
G, Dcl11YB: 

l, Wait on load aggregate and asphalt 
2. Wait on heat aephal t 
3, Other 

H. Non-supporting work item& and delays 

'lbtal - other 

TOTAL 

Total wrk 1 tems on a.esigned operation 
(A+ B + E + F) 

1/ Baeed on aggregate mixed vith o.sphalt. 
!J 0.5 percent or less. 

Percent Performance 
of NAWT (Avg per hour) 

2 t~~~ ~y 
...! 

112,7cuydy 3 
4 

19 

.11 
19 
_§_ 

34 9 . 1 c u yd y 

33 (30 mph) 
7 

8 
5 

12 
- 25 

1 

66 

100 

47 

Figure 10. Motorgrader mixing 
aggregate and asphalt. 

TABIE 81 
PllEPARE BI'.ruMINOUS corn MIX -

DISTRIBt11'ION OF 11 HOURS NAWT FOR MO'.roRORADERS ASSIGNED '.ro THE OPERATION 

location and item 

Work.site 
A. Cyclic work items: 

1, Mix dry aggregote 
2. Mix qgregste and aspbaJ.t 
3. leposi t1on blade 
4. Maneuver to m1.x 

B. Supporting work item 
C, Delays - vait on cyclic wont item 
D. Delays - other: 

1. Wait on unload aggregate 
2. Wait on men and other equipment 

units engaged in prepo..re.tions, shut 
down, or travel 

3. Wait on heat aspbal t 
4. other 

'lbte.l. - wrkBi te 

Other 
~vel to, from, or betwen "WOrksites 
F, Supporting work items 
G. Delays 
H. Non-supporting work items and delays 

Total - other 

'.roTAL 

Totol vork items on assigned operation 
(A • B + E + F) 

Percent PerfomaDce 
of' NAWT (Avg per hour) 

4 53.6 cu yd 
20 45.2 cu yd !/ 

3 
18 
- 45 20 .1 cu yd y 

7 
3 

6 

12 
8 

...2 
l! 

86 10 . 5 cu yd 

7 (22 mph) 
1 
6 
y 
~ 

100 

6o 

!/ Based on totaJ. aggregate mixed with asphalt by motorgrader and 
loader, 

3/ 0.5 percent or less. 



TABIE 82 

PREPARE BITUMIIIOUS COU> MIX -
DISTRIBUTION OF 7 HOURS NAWT FOR FRONT END LOADER! ASSIGNED 

TO 1'IIE OPEPATION 

location and item 

Worksite 
~c work items: 

1. Mix aggregate and aspholt 
2. Maneuver to mix. 

B. Supporting W0rk items: 
1, Transfer aggregate hom stockpile 

to "1ndrow 
2. other 

c. Delays - wait on cyclic work items: 
l, We.it oil mix dry O&JJ"Dgate 
2. We.it on BPl'BiY asphe.l.t 
3. Wait on mix aggregate and asphe.l. t 

D. Del.~ - other: 
1. We.it on men and other equipment unite 

engaged in preparations, ahutaovn, 
or tni.vel 

2. other 

Total - worksi te 

other 
~vel. to, t'Tom, or between work.sites 
F, SUpportillg writ 1 tems 
G, Del-

Total - other 

'l't>te.l. work items on aaeigned operation 
(A+ B + E + F) 

Percent 
of NAWT 

4 
...!... 

13 
2 

-15 

5 
5 

J! 

17 
1 

41 

..l 
~ 

79 

-3!,_ 

100 

Perfo:nnance 
(Avg per hour) 

319,0 cu yd!/ 
287.5 cu yd!/ 

17.3 cu yd!/ 

!/ Baaed on to'tlll. asgrcigate mixed by motorgrader and loader. 

4. Direct operat ions 

TABIE 83 
PREPARE BITUMINOUS COU> MIX -

DISTRillUTION OF 13 HOURS NAWT FOR DISTRIBUIDRl ASSIGNED ID mE OPEPATION 

location e.nd item 

Wo:rksite 
A. Cyclic work items: 

1. Spre,y upbol t 

2, Maneuver to sp:rs.y 

B, Supporting woli< items: 
1. Heat aephal.t 
2. Other 

C • De~ - wa:1 t on cyclic wrk 1 tems: 
1. Wait Oil mix dry aggregate 
2, We.it on mix aggregate and aspholt 

D. Del.aye - other: 
1, We.it on unload eggregate or trans

fer aggregate from stockpile to 
windrow 

2, other 

ibtal. - worksi te 

Other 
~vel. to, .t'ro:11 or bot,..el!t..D worksitee 

(includiug ti,,,.i. an5 t um) 
F. SUpporting work items: 

1. Heat aspha.1.t 
2. Other 

G, De1-

Total. - other 

'.lbtal. -worlt items on eseigned operation 
(A+ B + E + F) 

!/ l!oood on aggregate mued with aapholt. 

Percent 
of NAWT 

9 
l 

-10 

11 

..3. 
!l 

ll 

20 

...£ 
26 

!2 

48 

...8 
100 

53 

Performance 
(Avg per hour) 

26o SW-
15.6 cu yd!/ 

In the category of direct operations there are 20 principal operations 
on which production studies are reported. These principal operations are 
defined as those which accounted for 1.0 percent or more of labor TAWT 
(after distribution of overhead) as determined by comprehensive studies 
in the three-county control area. Many other direct operations were stud
ied but they accounted for such a minor portion of the total work in the 
control area that they are not reported here. 

The form of data presentation selected facilitates showing of pro
duction rates for several time increments but reduces somewhat the number 
of variables which can be included in the calculations of these rates. In 
the end, only the raw data itself will provide adequate detail for the 
variety of applications which individual readers may wish to make. 
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A discussion of the 20 principal operations follows in the order listed 
below: 

( a) 
(b) 
( C) 
( d) 
(e) 
( f) 
(g) 
(h) 
(i) 
(j) 
(k) 
(1) 
(m) 
(n) 
(o) 
(p) 
( q) 
( r) 
(s) 
( t) 

Patch roadway surfaces with aggregate 
Patch roadway surfaces with bituminous cold mix 
Patch roadway surfaces with bituminous hot mix 
Blade gravel surfaces 
Mudjack concrete pavements 
Rebuild gravel surfaces 
Seal bitum±rl.ous and concrete pavements 
Resurface with bituminous mixes 
Patch shoulders and approaches with aggregate 
Patch shoulders and approaches with bituminous cold mix 
Clean or repair unpaved drainage ditches 
Mow roadsides with tractor 
Remove snow from roadway surfaces and shoulders 
Erect snow fences 
Remove snow fences 
Sand roadway surfaces 
Salt roadway surfaces 
Remove ice from roadway surfaces and shoulders 
Paint centerlines and edgelines on pavements 
Erect, replace, repair or paint signs and guideposts 

(a) Patch roadway surfaces with aggregate. This operation accounted 
for 3 .O percent of TAWT in the three-county control area during the study 
period. As might be expected, most of the effort was expended on road 
sections which had gravel surfaces. However, there was also a consider
able amount of aggregate patching on road sections with bituminou. pave
ments, particularly those which had light bases. 

Du.ring the spring thaw period, a number of surface failures developed 
on most gravel roads. They usually resulted from failures in wet sub
grades. Aggregate was applied to stabilize the surface failures so that 
traffic could be accommodated. Throughout the year, gravel surfaced roads 
developed ruts and potholes due to traffic abrasion. Aggregate was used 
to fill these failures until such time as it was practical to blade and 
reshape the entire surface. Calcium chloride was often sprinkled on the 
surface of pothole patches to hold aggregate in place but usually was 
not used on patches covering larger distressed areas. 

Du.ring the spring thaw period, some low-type bituminous surfaced roads 
also developed distressed areas which resulted from a wet base or sub
grade. Aggregate was applied to stabilize these areas so that traffic 
could be accommodated. Calcium chloride was sprinkled on the surface of 
most of these patches to hold the aggregate in place, prevent dust, and 
promote drying of the base or subgrade through capillary action. All ag
gregate patches on bitwninous surfaces were replaced with bituminous mixes 
as soon as conditions permitted. In some cases, bases were rebuilt and 
stabilized. 

Aggregate used for all types of roadway surface patching was obtained 
either directly from commercial ~uarries or from State stockpiles. The 
stockpiled aggregate was often obtained under contract. 



It was observed that this operation was usually performed by small 
crews. When calcium chloride was used, there normally were 2 or 3 men and 
one truck. When calcium chloride was not used, the crew ranged from 1 to 3 
men, and sometimes each man had a truck. Front-end loe.ders were also uti
lized by crews when aggregate was obtained from State stockpiles. They 
did not use any spreading or compaction eq_uipment. Aggregate was usually 
hauled directly from q_uarries to worksi te. It was unloaded and spread w1 th 
a truck spreader bed, dumped from a truck and spree.a. by hand, or unloaded 
and spread by hand. Compaction was provided by traffic. When crews used 
calcium chloride, they carried it to the worksite in bags and sprinkled 
it sparingly on top of patches by hand. Occasionally, a road section re
q_uired such extensive patching that large crews were assigned tg the opera
tion. 'Jhese crews consisted of 5 or 6 men, 3 or 4 trucks for hauling, and 
a heavy duty truck with underbody ble.de or a motorgrader for spreading. A 
front-end loader was used if aggregate was obtained from State stockpiles. 
In some cases, the large crews also had a rubber-tired roller towed by a 
tractor for compaction. Although large crews were not studied in detail, 
observations indicate that they were often unbalanced. Usually more 
trucks were needed to match hauling capacity to the capacity of loading, 
spreading, and compaction eq_uipment. 

None of the crews studied used warning signs or flagged public traffic 
while assigned to this operation. Traffic volumes were low on most of the 
road sections in which work was done. 

Production studies were confined to small scale patching and small crews. 
M:ln on these crews usually encountered only a few delays. However, men 
other than truck drivers did lose a considerable amount of time riding 
while aggregate was hauled from quarries or stockpiles. More extensive use 
of minimum size crews ( often one man) would have increased average perfo:nn
ance substantially. 

Figure 11. Truck with spreader bed spreading aggregate in ruts. 



TAllIE84 TAllIE 85 

PA'l'Cll ROADWAY SURFACES WITH AGGREGATE -

DISTRil!UrION OF 65 HOURS NA\fr FOR MEN ASSIGNED TO THE OPERATION 

PATCH ROAD\IAY SURFACES WITH AGGREGATE -

DIS'l'RIIUPION OF 37 HOURS NA\fr FOR TRUCKS ASSIGNED TO THE OPERATION 

Location and item 

~ 
A, Cyclic wrk items: 

l, Remove debris from hole by hand 
2. Unload, spread or level aggregate 

by band 

3. Unload and spread aggregate with 
truck spreader bed 

4, Unload and spread aggregate vi.th 
truck ( end d-) 

5. Spread CaC½ by band 

6. Move ahead to new' work area 

]3. SupportiJlg work items 
c. Delays - wait on cyclic wrk item 
D, Delays - other 

Total - wrksite 

~ 

E. Travel to, :from, or between workeitee 
( including haul and return) 

F. SUpporting "°rk items: 
1. Load aggregate and CaC½ 
2, other 

o. Delays: 
l. Wait on load men, tools, aggregate 

or eac12 
2, other 

JI, Non-supporting work items and delays 
Total - other 

TUl'AL 

Total work items on assigned operation 
(A+ B + E + F) 

1] --0-.5 parcent or laaa . 
~ !Dce:11 on o.ggrcge.te placed. 

Percent 
of NAWJ.' 

y 
8 

3 

y 
1 

...!! 
16 

3 

V 
23 

44 

5 
-2 

11 

5 
E. 

22 
J;! 

..II 
100 

74 

Peri'ormo.nce 
(Avg per hour) 

3.4 cu yd 
64 sq yd 

28.o cu yd 
375 sq yd 

288.6 cu yd 
3,300 sq yd 

1,815 1b 
554 oq yd 

i~i3s~U~ 

i~i ~: ~! g/ 

~;7.~U,,f g/ 

t«a:t..ion and .1ta::i 

~ 
A, Cyclic -work itme: 

1, Unload and spread aggregate v.lth 
spreader bed 

2. Unload 8Jld spread aggregate 
(end d-) 

3 • M:>ve ahead to new wrk area 

B. Supporting work i tema : 
1, Unload aggregate by band 
2, Other 

c. Delays - wait on cyclic wrk item 
D. Del.a.ya - other 

TOte.l - workeite 

~ 
E. Travel toJ :from} or between wrksitee 

{including haul and return) 
F. St.Wporting wrk iteme: 

1. Load aggregate and cac12 
2. Other 

o. Del.aye 
H, Non-supporting work itemo and delays 

Total - other 

TUl'AL 

Tota.l 'WOrk items on assigned operation 
(A+ B + E + F) 

!} B!.eed on aggregate placed. 

TAllIE 86 

PATCH ROADWAY SURFACES 111TH AGGREGATE. -

DISTRIBl1l'ION OF 9 HOURS NA\fr FOR FRONT-END LOADERS 
ASSIGNED TO THE OPERATION 

IDca.tion a.od item 

E, Travel toJ tram, or between workeites 
F. Supporting work item.e: 

L load aggregate 
2. other 

0, Dela.ya: 
l. Standby 
2. Wait on men and other eq~psnnt 

units engaged in preparations, 
ahutdow or travel 

3. other 

TOO'AL 

Total work on assigned opeire.tion 
(E + F) 

!/ 0 • 5 percent or leee. 

Percent 
of NAWT 

37 

100 

41 

Perfonoance 
(Avg per bour) 

(21 mph) 

36.4 cu yd 

Percent Performance 
of NA.WI' (Avg per hour) 

28.0 cu yd 
375 sq yd 

288.6 cu yd 
l 3,300 sq yd 

..l (12 mph) 

9 i~/.~U,,~d °ij 
6 

...!! 
7.4cuyd 

10 

..3. 14,3 OU 'fdy 21 210 sq yd 

45 (28 mph) 

9 
..2 

14 
19 
...! 

..12 
100 

78 
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( b) Patch roadway surfaces with bituminous cold mix. This operation 
accounted for 5 .o percent of labor TAWT in the three-county control area 
and was the most prominent type of routine surface maintenance. It was 
carried out only on road sections with bituminous or concrete pavements. 
Bituminous cold mix patches were used to pennanently correct several types 
of surface failures such as potholes, depressions or raveling. In some 
cases, the failures were basically due to weak spots or failures in bases 
and patching was done in conjunction with base reconstruction. Bituminous 
cold mix patches were also used for temporary correction of a failure that 
was hazardous to traffic. These temporary patches were eventually replaced 
with permanent patches using bituminous cold mix, bituminous hot mix, or 
concrete. 

The bituminous cold mix used for roadway surface patching was a mixture 
of aggregate and MC-3 or MC-4 asphalt. Part of it was obtained from com
mercial plants; part was stockpiled at garages under contracts; the re
mainder was prepared by State forces using locaD.y available aggregate. 
It was observed that these cold mixes were usually not stockpiled for any 
great length of time since they tended to harden in the pile. 

This operation was nonnally carried out by a 2- or 3-man crew equipped 
with one truck, A front-end loader was often used when cold mix was 
drawn from a State stockpile but there was also some hand loading. Asphalt 
for priming holes was usually transported to the worksite in a bucket or 
hand sprayer, but sometimes a distributor was used. In a few cases, crews 
used a motorgrader to clean debris out of patch areas. It was observed 
that most crews worked on this operation for only part of a day. They 
frequently hauled partial loads of cold mix (average load about 2.6 ton) 
to worksites, and sometimes returned to the garage early because they ran 
out of material. 

The general procedure used for the operation was as follows: A load of 
cold mix was obtained and hauled to the worksite; debris was cleaned out 
of holes with a broom, or shovel, or occasionally by a motorgrader; holes 
were primed or tacked with asphalt using a broom, hand-pump sprayer, or 
hand-held distributor spray bar; bituminous cold mix was unloaded, spread 
in holes and leveled by hand; and patches were compacted with a hand tamper 
or truck wheels. However, it was noted that one or more of the steps in
volving cleaning, priming and compacting were omitted for many patches. 
These omissions were more common when crews were putting in temporary 
patches but also occurred at other times. On most crews, men did not work 
by assigned tasks. Men switched from one task to another throughout the 
day. 

Safety practices varied considerably from crew to crew. In most cases, 
they did not put out any warning signs . Most two-man crews did little or 
no flagging. Most three-man crews did a substantial amount of flagging 
and, in some cases, a man was flagging public traffic during the entire 
day. 

Production studies show that men lost a substantial a.mount of time due 
to delays, particularly at the garage. Time was also lost by men other 
than truck drivers during travel. An analysis of study data indicated 
that a crew of two men and one truck would be the most efficient when 
patches are small and scattered. This is true even if one man devotes much 
of his time to flagging traffic. Only when patches are large or close to
gether can a crew of three men and one truck operate efficiently. For 
some emergency situations, a crew of one man and one truck may be best. 



11\BIE 87 

PA'!Cll OOAD\IAY SURFACES Wllli BIWMINOl.JS COID MIX -

DISTRIBUTION OF 196 HOURS HAIIT FOR MEN ASSIGNED 'IO 'll!E OPERATION 

IDcation and 1 tem 

~ 
A. C:,,olic wti< i teme: 

l, Remove debris from hole by hand 
2. Remove debris tram hole with 

motorsrad.er 
3. Prime hole with broom he.nd sprayer 

or distributor 

4. Unload, spread or level bituminous 
cold mix by band 

5. Tamp bi tlllWlOWI cold mix by band 
6. ll>ll bituminous cold mix v/trul!k 

wheel& 
7. Walk ahead to nev work area 
8. Move aboad to nev work area 

B. Bupport:lllg woti< items: 
1. Flag or direct public traffic 
2. other 

c. Del.aye - wait on cyclic w:rk item 
D. Delays - other 

Total - workei te 

~ 
B. Trevel. to, tr011, or between -wrk81tee 

( incll>Clina bnul.) 
F. Supporti.Dg wti< items 
G. Del.eya 
B. Non-supporting work items and delaya 

Total - other 

TOTAL 

Total -vork OD aaaigned operation 
(A+ B + E + F) 

Percent 
of NAIIT 

4 

g/ 

3 

l.5 

4 

l. 
l 

.1 
35 

5 
6 
- ll 

3 
J. 

56 

21 
6 

16 
.la 
~ 
l.00 

73 

1/ not. 4ono at all potche-11. 'Doatid on area cove.red. 

Pertonne.nce 
(Avg per hour) 

42 sq yd!/ 

86 sq yd!/ 

61 sq yd!/ 

0.7 cu yd 
17 sq yd 

l.5 sq yd J/ 

35 sq yd J/ 

0.3 cu yd 
7.0 cu yd 

tf ~~;: y 

~:i :~;: !!/ 

ft O. 5 pcrceot or leae 
Not done at all patches. Baaed on one paea over area covered. 

!SJ Be.eed on cold mix placed. 

11\BIE 89 

PA'rol! RJAIMAY SURFACES WlTll BI'roMINOUS COID MIX -

DISTRIBUTION OF l HOUR NAIIT FOR MOTO!llRADEffi ASSICNllD 'IO mE OPERATION 

location and item 

~ 

A. C)i:lic work 1 tema : 
1. Blade debris f'ran hole 

B. supporting wrlc. items 
C. Dela.ya - w.1 t on cyclic work 1 tem 
D. Delayu - other 

Total - workeite 

E. Travel to, from, or between workeites 
F. Supporting vorlc items 
o. Del.aye 

Total - other 

TOTAL 

'lbta1- writ items on assigned operation 
(A+B +-E+F) 

y 1!6oo4 on CU"Cn .a.ctueJ.1¥ covorvd. 

Percent 
of NAWT 

35 
5 

§ 
63 

35 
2 

...::. 
1l 

l.00 

77 

Performance 
(Avg per hour) 

86 oq yd 

47 sq yd!/ 

(17 mph) 

11\BIB 88 
PA'ICH lllADIIAY SURFACES IIITll filTUMIIIOUS COID MIX -

DISTRIBUTION OF 82 HOURS NAWT FOR TRIX!KS ASSIGNED 'IO 'll!E OPERATION 

Location and 1 tem 

~ 
A. Cyclic work 1 tems : 

l.. B:>ll bi tumi.nous cold mix v1 th Wee le 
2 . J.k:>ve ahead to new work area 

B. Supporting wti< 1 tomo: 
l.. Un1oad bituminous cold mix by hend 
2. Other 

c. D&l~ -vait on cyclic work item 
D. Delaya - other 

'lbtal - workaite 

~ 
E. Travel to, tnm, or between works! tea 

( incl.uclins haul) 
F. Supporting vork i tema 
G. Delays 
H. Non-oupportins work items end delays 

Total - other 

TOTAL 

TotAl vork items on aaeigned operation 
(A+ D + E + F) 

Percent 
of NAWT 

l.8 
6 

ll 

- 24 
l.7 
6 

19 
6 

16 
l 

58 

...!@_ 

100 

60 

Performance 
(Avg por hour) 

2.3 cu yd gj 
58.0 sq yd 

l..O cu yd 

o.4 cu yd g; 
10.0 oq yd 

(32 mph) 

lj_ Uot done at. all patcnea. BUo.4 on one paee ovor area cove-r-ed. 
'Y Based on bi tum1nous cold mix pl.aced. 

TABIB 90 
PAXCH =AY SIJRFACF.S WITH BITUMINOUS COLD MIX -

DISTRIBurION OF 8 HOURS NAl,'J' FOR DISTRIBUl.'ORS ASSIGNED TO THE OPERA'l'ION 

location end item 

~ 
A. Cyclic work 1 temo: 

1. Prime holes 

2. M::>ve ehee.d to nev work e.rea 

B. Supporting wti< items : 
1.. Heat bituminous material 
2. other 

c. DelayB - wait on cyclic work item 
D. Delayu - other 

'l'otsJ. - ,.,ti<si to 

~ 
E. Txavel to, t.n:im, or bet.ween wMJtaa 

( 1.ncl.ucling bnlll) 
F. Sllpport:lng wti< 1 tou: 

1. Heat bit\.lZIIJ.nouo materials 
2 . otbar 

G. Deloye 

Total - other 

'ro'JI\L 

Total. work item& on aasigoed operation 
(A+ B + E + F) 

Percent Perfonnance 
of' NAWT (Avg per hour) 

7 
91 goJ. 
415 sq yd 

§_ (5 mph) 

l.3 48 SIU !/ 
217 sq yd 

6 

!! 
l.O 
35 
!1 

71 8.8 gal. !/ 
40 sq yd 

9 (20 mph) 

g 
l.l 
.J1. 

~ 

100 

43 
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TABIE 91 

PA!OOB ROADWAY SURFACES WHH BITUMmOUS COID MIX -
Dm'l!RIBUTIOi'I OF 1 HOUR NAll'l' FOR l'B>i'IT-ID I.QA'llBRI 

ASSIGNED ID !IEE OPERATION 

Location end item Percent 
of NAWT 

~ 
E, Travel to, trcm, or betwen worksites 
F. Supporting work i tema: 

1, I.oad bituminous cold mix 5~ 
2, Maneuver to load 16 
3, other ..1 

G, Delays 
H, Non-supporting work items and delays 

TOTAL 

ll,tal work i tema on assigped operation 
(E + F) 

75 
23 

2 

·100 

75 

Perfomance 
(Avg per hour) 

12,9 cu yd 

Figure 12. Priming hole • Figure 13 . Priming hole and 
spreading cold mix by hand. 

( c) Patch roadway surfaces with bituminous hot mix. This operation 
accounted for 1.4 percent of labor TAWT in the three-county control area 
during the study period. It was perfonned only on road sections which had 
originally been paved with bituminous plant mix, plant mix overlay, or con
crete. Bituminous hot mix patches were used to provide permanent correc
tion for surface failures such as spalled joints, settled areas, ruts, or 
potholes. In many cases, the hot mix replaced a temporary bituminous cold 
mix patch. 

The hot mix used was a mixture of a selected aggregate and asphalt 
cement. Part of it was obtained directly from commercial plants; the 
remainder was prepared by maintenance crews using small portable plants 
which usually included both a dryer and a pugmill mixer. Sometimes only 
a pugmill mixer was utilized and aggregate was predried. 

This operation was perfonned by fairly large crews. When hot mix was 
obtained from a commercial plant, there were usually 4 to 6 men, 3 trucks, 
a roller, and, sometimes, an air compressor involved. When hot mix was 
prepared at the worksite, the crew normally included 7 to 9 men, 4 trucks, 
a portable batch plant, a kettle, a roller, and an air compressor. The 



101 

work was usually carried out in the following manner. First, old pavement 
and debris were cleaned out of the area to be patched. Part of this clean
ing was done by hand, the remainder with a compressor and a jackhammer. 
On larger jobs, cleaning was frequently done by a group of 2 or 3 men who 
kept ahead of the men placing bot mix. Next, all patches were primed with 
a hand sprayer. On small jobs, hot mix was almost always obtained from a 
commercial plant. It was hauled to worksites, dumped or shoveled into 
patch areas, leveled by hand, and compacted with a steel-wheel roller or 
truck wheels. On the larger jobs, the mix was usually produced at the 
worksite by a small portable plant. It was transported to patch areas in 
wheelbarrows, dumped in place, leveled by hand and compacted witb a roller 
or truck wheels. When using these plants, crews worked by assigned tasks. 
One man shoveled aggregate into the dryer or pugm.ill, one man measured and 
carried hot asphalt cement from kettle to plant, one man operated the plant, 
one man transported hot mix from plant to patch, one man primed holes and 
leveled hot mix, and one man operated a roller or truck for compaction. 

The crews engaged in this operation put out warning signs at most work
sites. Sometimes there was a full-time flagman, but on most occasions men 
took turns flagging public traffic during work breaks. 

Production studies of this operation were limited to one crew using hot 
mix obtained from a commercial plant and one crew using hot mix produced 
by a portable plant which included only a pugmill. Observations of other 
crews engaged in this work indicated that this operation was carried out 
in a similar manner when crews used plants which included both a dryer and 
a pugmill. An analysis showed that delays due to waiting on other men 
working were quite high. This suggests that the studied crews included 
more men than required by the production rate of the pugmill mixer or they 
were not properly organized when using commercially produced hot mix. A 
realinement in duties would have permitted reduction in crew size without 
decreasing total accomplishment. A_lso, a working supervisor is needed to 
coordinate activities, particularly when the crew uses a portable plant in 
the operation. 

Figure 14. Hand spreading bituminous hot mix. 



TABIE 92 
PA'ICH ROADWAY SURFACES WI'm BI'ruMINOUS HOT MIX -

DISTRIBlIT'ION OF 84 HOURS NAWT FOR MEN ASSIGNED 'IO THE OPERATION 

IDcation and item 

~ 
A. Cyclic work items: 

1. Remove old pavement from hole with 
compressor and jackhammer 

2. Remove old pavement and debris from 
hole by hand or with air hose 

3 • Prime hole with hand sprayer 
4. Unload, spread or level bi turninous hot 

mix by hand 

5. Roll patch with truck wheels 
6, Roll patch with towed roller 
7. Maneuver to roll 
8, Walk ahead to new work area 
9, Move ahead to new "Work area 

B. Supporting work items: 
1. Flag or direct public traffic 
2. Other 

C. Delays - wait on cyclic work item: 
1, Wait on mix bituminous hot mix 
2 . Wait on remove debris from hole 
3, Other 

D, Delays - other 
'lbtal - worksi te 

~ 
E, Travel to, from, or between worksites 

( including haul) 
F. Supporting work i terns 
G. Delays 
H. Nonsupporting work i terns and delays 

Total - other 

TOTAL 
Total work items on assigned operation 

(A+ B + E + F) 

Percent Performance 
of NAWT (Avg per hour) 

3 
l 

9 
l 
2/ 
v 
2/ 
3 

7 
10 

9 
4 

_]_ 

19 

17 

lb 

..2. 61 

20 
6 

11 
2 

39 

13 sq yd 

11 sq yd 
88 sq yd 

1.3 cu yd 
19 sq yd 
39 • ~ ya l/ 
385 nq yd"1J 

0.2 cu yd 3/ 
1.6 sq yd -

100 ~:~ ~~ ~~ J/ 

62 

"}) All of the area patched was rolled. Based on one pass over area 
covered. 

3/. 0.5 percent or less. 
J/ Based on bituminous hot mix placed. 

TABLE 94 

PATCH ROADWAY SURFACES WITH BITUMINOUS HOT MIX -

DISTRIBUTION OF 4 HOURS NAwr FOR TRANSPORTATION PICKUPS 

ASSIGNED TO THE OPERATION 

Location and item 

A. Cyclic "WDrk items 
B. Supporting 'WOrk items 
C. Delays - .ra.it on cyclic -work item 
D. Dela.ya - other: 

1, Parked "While men "WDrk 
2. other 

Total - "WOrksi te 

other 

E. Travel to, f'rom, or between worksites 
F. Supporting work items 
G. Delays 
H. Non-supporting work items and delays 

Total - other 

TarAL 

Total "WDrk items on assigned operation 
(A+ B + E + F) 

"!J O, 5 percent or less , 

Percent 
of NAWI' 

Performance 
(Avg per hour) 

20 (34 mph) 
1 

10 

....!.... 
_E 

100 

24 

TABLE 93 

PATCH ROADWAY SURFACES WITH mTUMINOUS Har MIX -

DISTRIBt1I'ION OF 34 HOlJRS NAwr FOR TRUCKS ASSIGNED TO THE OPERATION 

Location and item 

~ 
A, Cyclic 'WOrk items: 

1. Roll bituminous hot mix with 'Wheels 
2. Roll bituminous hot mix with roller 
3. Maneuver to roll 
4. Move a.head to new work area. 

B. Supporting work i tema : 
1. Unload bituminous hot mix or 

aggregate~ 
2. other 

C • Delays - wait on cyclic work i tern: 
1, Wait on remove debris from hole 
2. W'ai t on mix bituminous hot mix 
3. Wait on spread or level bituminous 

hot mix 
4. other 

D. Delays - other: 
1, Parked Wile men wrk 
2. other 

Total - wrksite 

~ 
E. Travel to, from, or bet,.,-.,en 'WOrkaites 

(including haul) 
F. Supporting work items 
G, Delays 
H. Non-supporting work items and delays 

Total - other 

TOrAL 

Total work items on assigned operation 
(A+ B + E + F) 

Percent 
of NAWT 

3 
?) 
1 

_]_ 
7 

5 
Jl. 

13 

7 
6 

8 
..]_ 

22 

10 
lO 

20 

Perfonnance 
(Avg per hour) 

42 sq yd 1/ 
675 •q yd-Y 

(15 mph) 

5.8 cu yd 

4.4 cu yd 
38.6 sq yd 

25 (25 mph) 
4 
9 
?) 

100 

y All of' the area patched .ra.s rolled. Based on one pass over area 
covered by each method. 

'ij_ 0.5 percent or less. t Aggregate UBed in bituminoUB hot mix. 
fJ/ B:Lsed on tota.l bituminous hot mix placed. 

TABLE 95 

PATCH ROADWAY SURFACES WITH BrruMINOUS HOT MIX -

DISTRIRJTION OF 7 HOURS NAWT FOR ROLLERS ASSIGNED TO THE OPERATION 

Location wid item 

Workaite 
A, Cyclic work items: 

1. Roll biturninoUB hot mix 
2. Maneuver to roll 

B. Supporting work items 
C, Delays - wait on cyclic "WOrk item 
D. Delays - other 

Tota.l - worksite 

~ 
E. Travel to, from, or between worksites 
F. Supporting wrk 1 terns 
G, Delays: 

1. Wait on men and other eq_µ.ip;tent 
unita ~gn,e:ed in preparations, 
shutdown, or travel 

2. other 

Total - other 

TOO!AL 

Total work items on assigned operation 
(A+ B + E + F) 

Percent Perf'ormance 
of NAwr (Avg per hour) 

2 36o sq yd Y 
_]_ 

16o sq yd y 
1 

14 

23 31 sq yd y 

45 (11 mph) 
3 

26 
_]_ 
~ 

..11 
100 

54 

Y A.J..J. of' the area patched was rolled. Based on one pass over area 
covered, 
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TABLE 96 
PATCH ROADWAY SURFACES WITii BITUMINOUS Hor MIX -

DISTRIBlJrION OF 9 HOURS NAWT FOR PiJGMI.LL !rucERS ASSIGNED 

TO THE OPERATION 

Wcation and ite.n 

A. Cyclic wrk items: 
1, Mix bituminous hot mix 
2. Move a.head to new work area 

B, Supporting wrk items 
c. Delays - vai t on cycl ic work i tern: 

1. Wait 01· spread and level bituminous 
hot mix 

2. other 

D, Delays - other 
Total - vorksite 

E. Travel to, from, or between "WDrksitcs 
(including haul) 

F, Supporting work items 
G, Delays: 

1, Men idle 
2. other 

Total - other 

TOJ'AL 

Total '\IOrk items on assigned operation 
(A+ B + E + F) 

Percent 
of NAWI' 

23 
4 

27 
5 

6 

..2 
11 
6 

49 

8 
10 

9 
24 

TI 
__g 
100 

50 

"!} B9.sed on bituminous hot mix produced and placed, 

Performance 
(Avg per hour) 

LO cu yd 
(14 mph) 
o.8cuydij 

0,5 cu yd ij 

(18 mph) 

103 

TABLE 97 

PATCH ROADWAY SURFACES WITH BITUMINOUS Har HIX -

DISTRIElfrION OF l BOUR NAWI' FOR KErl'LES ASSIGNED TO THE OPERATION 

Location and item 

~ 
E. Travel to, 1'r0m, or betYeen wrk3ites 
F. Supporting work items: 

1. Heat asphalt 
2, Unload asphalt 
3. other 

G, Delays 
TOJ'AL 

Total wrk items on assigned operation 
(E + F) 

TABLE 98 

Percent 
of NAWI' 

73 
12 
11 
-g6 

4 
100 

Performance 
(Avg per hour) 

PATCH ROADWAY SURFACES WITH BITUMINOUS Har MIX -

DISTRIBlll'ION OF 7 HOURS NA1'11' FOR COMPRESSORS ASSIGNED TO THE OPERATION 

I.Dcation and item 

~ 
A, Cyclic work i terns : 

1. Remove old pavement with jackhammer 
2, Remove old pavement and debris from 

hole with a.ir hose 
3 . Move ahead to ne\l' work area 

B, Supporting work items 
C. ~la.ya - wait on cyclic work item 
D, Delays - other 

Total - wrksite 

~ 
E. Travel to, :from or between ...orksites 
F. Supporting wrk items 
G, Delays 
H, Non-supporting 'WOrk i terns and delays 

Total - other 

TOJ'AL 

Total work itan.s on assigned operation 
( A + B + E + F) 

Percent 
of NAWI' 

18 

4 
..2 

Z"/ 
5 

27 
!2 

11 
l 
9 

..2 

74 

26 

100 

44 

Performance 
(Avg per hour) 

11 sq yd 

146 sq yd 

(19 mph) 

Figure 15, Self-propelled roller compacting hot mix patch. 
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(d) Blade gravel surfaces . Time expended on this operation amounted 
to l.O percent of labor TAWT in the three-county control area. Each of 
the counties had one or more gravel surfaced road sections on the primary 
system and one had detours over gravel county roads. The most intensive 
effort -was required during the spring thaw period when these roads developed 
many wet spots and distressed areas. Sometimes daily blading was required 
to keep traffic moving. During the remainder of the year, blading was 
done periodically in order to repair ruts, potholes, and general surface 
deterioration caused by traffic. 

Normally, this operation involved a crew of only one man and a motor
grader. A truck or pickup was also utilized for travel if the motorgrader 
was stored at a temporary parking area near the worksite. On some occa
sions, a heavy duty truck with underbody blade was used in lieu of a motor
grader. These heavy duty trucks operated at a higher speed while blading 
but more passes were required to accomplish the same amount of wrk. 

Blading was done shortly after a rain, whenever possible, since surfaces 
were more vrorkable at that time. Normally, the first two passes were ma.de 
on outside edges of the roadway in order to pull in loose aggregate. The 
motorgrader or truck then ma.de one or more passes over the center portion 
of the roadway to spread the loose aggregate. Most road sections also 
required extra passes at distressed or rutted areas. It was observed that 
each pass averaged about 10 feet in width and that the entire gravel sur
face was covered an average of 1.2 times. 

Warning signs were not used on those occasions when the operation -was 
studied. Motorgraders and trucks usually had flags mounted on the left 
end of their underbody blades and often had flags mounted on the cab. 

Production studies indicate that this operation was relatively effi
cient. This could be attributed to the fact that almost all of the wrk 
was done by one-man crews. Accomplishment could be increased if travel 
time were reduced. This could be done by purchasing motorgraders equipped 
with a high speed travel gear. 

Figure 16. Motorgrader blading gr avel surface. 



TA1lIE 99 
BJ AfE GRAVEL SURFACES -

DISTRl!llll'ION OF 56 HOURS NAIil' FOR MEN ASSIGNED TO THE OPERATION 

location and item 

~ 
A. Cyclic \!Ork items: 

1, Blade vith motorgra.der underbod,y 
blade 

2, Blade "1th tnick und.erbody blade 

3, Reposition blade 
4. l-Bneuver to blade 

B. Supporting wrk items 
c. Delays - 'WO.it on cyclic wrk it~ 
D, Delays - other 

Total - -workeite 

~ 
E. Travel to> from, or between wrksitee 
F. S'lqlporting wrk items 
G. Delays 
H, Non-supporting work items and delays 

Total - other 

TOrAL 

Total wrk items on aeeigned operation 
(A+ B + E + F) 

Percent Performance 
of NAJI!' (Avg per hour) 

1,6 3.7 pass-mi y 
21JOOO aq yd 

4 6.8 pass-mi y 
41,900 sq yd 

l 
__l 

54 
3.6 pass-mi y 
20,900 sq yd 

2 6o 3.4 pnoo-mi 
19,4oo sq yd 

21 
4 

14 

-1: 
4o 

100 ~]~1~
8
=~~d g/ 

83 

!J Baaed on area bl.tlded. Part of' the roadve.y ws covered more than one 
time. Di.sed on area maintained i6: 

Jf.otorgrader 3 ,3 la.ne-mi - 19,000 eq yd 
Truck 2.9 lane-mi - 17,6oo sq yd 

g/ Baaed on area bl.tlded, Pe.rt o'f: the roadway -was covered more than one 
time, B:Lsed on area maintained is: 

Cyclic -work items 3.0 lane-mi - 17,300 sq yd 
Worksite 2.8 lane-mi - 16,000 sq yd 
NA.WT 1.9 lane-mi - lOJBoo sq yd 

TAllLE 101 

BIA!E GRAVEL SURFACES -

DISTRlllllrION OF 7 HOURS NA1'l' FOR TRANSPORrATION TRUCKS AND PICKIJPS 

ASSIGNED TO THE OPERATION 

IDcation o.nd ite:n 

~ 
A, Cyclic wrk items 
B, Supportillg wrk ite:ne 
C, Dela.ye - w.1 t on cyclic llOrk 1 tan 
D, De.le.ye - parked Wile men "WOrk 

Total - l!Orkeite 

other 

E. Travel to, :from, or bet-ween worksiteo 
F. Bupportin8 work itema 
G. Delays 

Total - other 

TorAL 

Tot&l work. items on e.esigned operation 
(A+ B + E + F) 

Y O. 5 percent or leas. 

Percent 
of MA.WI' 

y 

70 

Perfonnance 
(Avg per hour) 

18 (30 mph) 

/I 
--12. 
100 

18 

TABLE 100 

BU.DE GRAVEL SURFACES -

DISTRlllJl'ION OF 6 UOlffiS NA"1' FOR IDlAVY DIJl'Y TRUCKS 

ASSIGNED TO THE OPERATION 

L::>co.tion and item 

~ 
A, Cyclic vork itens : 

1. Blade "W'ith underbody blade 

2 . Reposition blade 
3 , Maneuver to blade 

B, Supporting wrk items: 
C. Delays - vai t on cyclic wrk it~ 
D, Delays - other 

Total - wrksi te 

~ 
E. Travel to, from, or between worksites 
F, Supporting York itE'2rul 
G, Delaye 
H, Non-supporting wrk items and delays 

Total - other 

TorAL 

Total wrk items on assigned operation 
(A+ B + E + F) 

Percent Perf'onnance 
of NAWI' (Avg per hour) 

34 fi~~·:~"~!) 
2 
l 

37 ~9;~•:~"!d y 
7 

y 
44 ~2~~·=t~ V 

21 (26 mph) 
5 

29 

..I. 
~ 
100 

70 

Y !aeed on area bladed. Part of the road\ra,,y was covered roore than one 
time. Based on area IN11nt&ined is 2.9 lone-rni - 17,6oo sq yd 

Y. 0. 5 percent or 1ess. 
y Based on area bladed. Part or the roadw.y \las covered more than one 

time. !Beed on area me.intained is: 

Cyclic wrk itan 2,7 lane-mi - 16,000 sq yd 
Worksite 1.1 lane-mi - 13,100 sq yd 

TABLE 102 

BIADE GRAVEL SURFACES -

DISTRl!llll'ION OF 48 HOURS NAIil' FOR IIIIOOJ¥l!WERS ASSIGNED 
TO THE OPERATION 

location and item 

~ 
A, Cyclic wrk items: 

l.. Blade with underbody blade 

2, Reposition bl.ado 
3. Maneuver to blade 

B. Stll)porting vork itm.e 
C. Del.aye - wit on cyclic vork item 
D. Delays - other 

Tota.l - \IOrk:oite 

other 

E, Tro.vel to, from, or between worksites 
F. Supporting ;,ork items 
G, Delo.ye 
H, Non-supporting wrk items and delays 

Total - other 

TOO'AL 

Total work. items on assigned operation 
(A+ B + E + F) 

Percent Performance 
o'f: NAw:r (Avg per hour) 

53 ~i;O:•:~m~Y 
2 

-1 
58 3.4 paso-mi V 

4 
19,500 sq yd 

..I. 
63 i6;~•:t!d 'lj 

19 (14 mph) 
2 

15 

-1: 
..11 
100 

83 

y Based on are& bladed. Part o'f: the roadway we covered more than one 
time. Baaed on area. ms.1ntained is 3.3 lane-mi - 19,000 sq yd 

g/ Based on area bladed. Fart o:f the roadway w.a covered more than one 
time. Based on e.rea maintained is: 

Cyclic vork item 3, 1 lane-mi - 17,500 eq yd 
Worksite 2. 7 lane-mi - 15,100 sq yd 
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(e) Mudja ck concrete pavements . The labor t ime char ged t o this opera
tion accounted f or 1.3 per cent of TAWT in the thr ee-county control area. 
Work was confined to road sections "1hich had concrete pavements or, 
rarely, concrete with a bituminous overlay. It was observed that most 
concrete pavements developed settled areas "1hich were not only rough rid
ing but also hazardous to high speed traffic. These areas were usually 
located at bridge approach fills or fills over culverts and pipes, but 
some occurred at other locations. In most cases, the apparent cause of 
settlement was consolidation and/or displacement of subgrades and natural 
ground. However, inadequate design or construction was a contributing 
factor in some cases. Mudjacking was used to restore the riding qualities 
of pavements at settled areas. It was also used infrequently for certain 
special situations such as raising pavement at railroad crossings when 
track elevations were changed. 

A slurry of water, silty soil and cement was normally used for mud
jacking. In some cases, lime dust was also added to provide better 
stabilization. The proportion of cement used varied from job to job but 
did not exceed l½ sacks per cubic yard of soil and lime dust. In a few 
instances, cement -was omitted from the mixture. 

This operation -was al-ways performed by large crews. Normally there 
were 6 to 12 men, 4 or 5 trucks, a mudjack ma.chine, and an air compres
sor or air compressor truck. When an extensive amount of work was being 

done in a county, crews were 
often split into two inde
depend.ent groups • One group 
of 2 or 3 men went ahead to 

Figure 17. Drilling hole with jackhammer. 

Figure 18 . "Priming" hole before 
starting to pump mud. 

drill and/or clean out holes 
in pavement slabs; the other 
group of 6 to 10 men mud
jacked settled areas. The 
men assigned to these groups 
al-ways worked by assigned 
tasks. Drilling and/or 
cleaning holes was done by 
one or two men using jack
hammers • If they worked 
ahead of the main group, a 
third man went along to flag 
traffic. The ma.in group ' s 
activities were divided as 
follows: two men shoveled 
soil, lime dust, and cement 
into the mudjack rrachine; 
one man operated the machine; 
two men handled the mud hose; 
one man placed stringlines, 
observed slab movements and 
plugged holes; and one or 
two men flagged public traf
fic. A definite pattern was 
used for pumping. First, 
holes were given a final 
cleaning and, sometimes, 
"primed" with water. Then 
each hole -was pumped until 
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pavement slabs broke loose from the subgrade. Slabs were then raised 
to the desired level by pumping additional mud in each hole one or more 
times. In some areas, the joints were so tight that slabs could not be 
moved by pumping. Sometimes these joints were opened up with jackhammers. 
On other occasions, mud.jacking was abandoned and settlements were corrected 
with bituminous patches at a later date. Ii' the settled areas had to be 
raised more than 3 or 4 inches, the work was usually carried out in stages 
over a period of days or weeks. 

Figure 19. Mlldjacking. 

TAllLE 103 

MUUJACK CONCRE.'l'E PAVEME!fl'S -

DISTRillU.HON OF ll4 HOURS NAWI' FOR MEN ASSIGNED TO THE OPE!WrlON 

IDca.tion and item 

~ 
A. Cyclic wrk itens: 

l.. Drill or clean out hole w1 th 
compressor e.nd jacJcho.mar 

2. Drill joints with compressor and 
jackhBmmer 

3. Place otrtnsline 
4. Mix and PIJI\P nrud with mudjack 

machine 
5. Position or hold hose 'While l)umping 
6. Move boee to nvv hole 
7. Install or remove bole plugs 

B, Support1»8, 'WOrk items: 
l. Flag or direct public traffic 
2. Unload soil and cement into Iffl.ldjack 

by bond 
3, other 

C. Dela.ya - w.1 t on cyclic work 1 tem 
D, Delayu - other: 

1. <llMJ\ or vaeh mudjack 'j/ 
2, other 

Total - workeite 

E. Travel to, fram., or between workeites 
(including haul and return) 

F. SUpporting work i teme 
G. Delays 
H, Non-supporting work items and delaya 

Tot&.1 - other 

T<YrAL 

Total wrk items on assigned operation 
(A+ B + E + F) 

Percent 
of NAlll' 

l 

1 
l 

3 
5 
l 
g/ 

12 

13 

4 
6 

23 
6 

9 
19 
-26 

8 
7 

16 
g/ 

Performance 
(Avg per hour) 

9 hol.ee 

35 lin ft 
8,3 cu yd y 
2,0 OU yd t 
l,l. cu yd 

10-5 cu ,I'd~ 
14 , 5 cu .I'd 

0,52 cu-yd y 

l,6 cu yd y 

69 0.09 cu yd y 

~ 

100 o.o6 cu yd y 

50 

Y, Based on dry materials mixed and ~ed. 
'g/_ 0,5 percent or lees. 
'JJ Cleaning out clogged val.vee and hose or general cleaning at ehutdo;m.. 

Good safety practices 
-were always followed by mud
jacking crews. Warning signs 
and barricades were set up 
at all worksites, and one or 
more men flagged public traf
fic f'ull time, since they 
were working on the roadway 
with one lane completely 
blocked. 

Production studies showed 
that mudjacking crews were 
almost always too large. 
About 20 percent of labor 
NAWT was lost 'While men were 
idle or -waiting on other men 
to perform work. In most 
cases studied, a 5-man crew 
would have been adequate for 
actual mudjacking. Addition
al men would be required for 
drilling and/or cleaning 
holes, and additional truck 
drivers would be needed if 
more than 10 cubic yards of 
soil, lime dust, and cement 
were used during a day. 



TABLE 104 

MUilJACK CONCRETE PAVEMENTS -

DISTRillUJ'ION OF 58 HOU1'6 NAIil' FOR TRUCKS ASSIGNED TO THE OPERA!rION 

Wcation and item 

~ 
A. Cyclic wrk items 
B. Su;pporting work items: 

1. Unload water 
2. Unload soil and cement by harul 
3. other 

C. Delays - 'WB.it on cyclic "WOrk item: 
l. Wait on mix and pump mud 
2, other 

D, Delays - other: 
1. Parked Wile men wrk 
2. Clean or i,,e.eh mudjack g/ 
3. Start up or shutdown equipment 
4. other 

Total - wrksi te 

~ 
E. Travel to, from, or between wrksites 

(including haul a.nd return) 
F, Supporting work items: 

l. Load soil, cement, or water 

2, other 

G, Delays 
H, Non-supporting "WOrk items and delays 

Total - other 

TCll'AL 

Total work itans on assigned operation 
(A+ B + E + F) 

Percent 
of NAWI' 

10 
5 

_g_ 
17 

8 
..1. 

11 

13 
8 
6 

14 
-!!! 

69 

6 

..l. 
8 

17 
'j/ 

..l.!,_ 

100 

31 

Performance 
(Avg per hour) 

315 gal 
2.3 cu yd 

0.69 cu yd'!) 

0,17 cu yd'!) 

(24 mph) 

575 gal water 
30.5 cu yd soil 
or cement 

Y, Eased on dry materials mixed and pumped. 
Y. Cleaning out clogged valves and hose or general cleaning at shutdown. 
y O. 5 percent or less . 

TABLE lo6 

MUilJACK CONCRETE PAVEMENTS-

DISTRIBUl'ION OF l HOUR NAIil' FOR FRONT END LOADERS ASSIGNED 
TO THE OPERATION 

Location and item 

~ 
E, Travel to, f'rom, or between "WOrkeitee 
F. Supporting wrk i terns : 

l. Load eoil 
2. other 

G. Delays: 
l. Standby 
2, other 

Total -work items on assigned operation 
(E + F) 

Percent 
of' NA.WI' 

24 
3 

- 27 

32 
3 

-:lz 
100 

Performance 
(Avg per hour) 

(12 mph) 

31.2 cu yd 

TABLE 105 

MUilJACK CONCRETE PAVEMENTS -

DISTRIB\JI'ION OF 13 HOURS NAIil' FOR MUilJACK MACHINES ASSIGNED 

TO THE OPERA!rION 

Location and item 

Worksite 

A. Cyclic \IOrk items: 
1. Mi.x and pump mud 

B, Supporting -work items: 
1, Start u;p and shutdown 
2. other 

C, Delays - wa.i t on cyclic work item 
D, Delayn - othw: 

1. (:loan or vuab g/ 
2. Wa.1.t on M ul soil, cement, or water 
3, other 

Tota.l - "WOrksite 

~ 
E. Travel to, from, or bet-ween worksites 
F. Su;pporting -work items 
G. Delays: 

1, Repair ignition 
2. other 

Total - other 

TCll'AL 

Total work items on assigned operation 
(A+ B + E + F) 

Percent 
of NAWI' 

23 

9 
2 

12 
9 

9 
5 

16 
-d9. 

26 

100 

42 

Performance 
(Avg per hour) 

2,20 cu yd'!) 

0,.70 cu yd'!) 

1/ Ba.sed on dry materiaia C:WC:ed mid l'\DPed. 
g/ Cleaning out clogged w.lvoa 4lld hosa or general cleanup at shutdown. 

TABLE 107 

MUilJACK CONCRETE PAVEMENTS -

DISTRIBUl'ION OF 13 HOURS NAWf FOR COMPRESSORS OR COMPRESSOR TRUCKS 

ASSIGNED TO THE OPERATION 

Wcation and item 

Worksite 

A, Cyclic 1rork item: 
l, Drill hole vi th jackhammer or clean 

out hole 
2, Drill joints with jackhammer 

B, Su;pporting work items 
C. Delays - wait on cyclic -work i tern 
D. Delays - other: 

1, Parked 'While men wrk 
2. other 

Total - worksite 

Other 

E. Travel to, from, or between wrksites 
F. Su;pporting -work items 
G, Delays 

Total - other 

TCll'AL 

Total "WOrk items on assigned operation 
(A+ E + E + F) 

Percent 
of NAWT 

6 

_g_ 8 . 

3 

5 
l 

18 
24 

100 

17 

Performance 
(Avg per hour) 

13 holes 
73 lin 1't 

(25 mph) 



109 

(f) Rebuild gravel surfaces. This operation accounted for 1.1 percent 
of labor TAWT in the three-county control area. Many distressed areas 
developed on gravel surfaced roads during the spring thaw period due to 
wea.k spots or failures in subgrades. Most of these distressed areas were 
spot patched with aggregate to keep traffic moving. However, ·some gravel 
surfaces continued to deteriorate, and conditions became so bad that it 
was necessary to cover large areas with a li:rt of new surfacing aggregate. 
Time spent by State forces on this latter type of work was classified as 
rebuilding gravel surfaces. It should be noted that such work was nor
mally done by contract whenever an entire road section required rebuilding. 

Aggregate for this operation was obtained from either commercial quar
ries or State stockpiles. Most stockpiled aggregate was obtained under 
contract. 

Crews assigned to this operation consisted of 2 to 7 men, 2 to 6 trucks, 
a heavy duty truck with underbody blade or a motorgrader, and, sometimes, 
a rubber-tired roller towed by a tractor. When aggregate was obtained 
from State stockpiles, the crews also utilized a front-end loader. Crew 
sizes and equipment complements varied considerably from day to day or 
even during a day. Seldom was the operation carried out as a continuous 
process; instead it was done over a period of days. For example, a tw
man crew wuld haul aggregate to a deteriorated area on Monday; on 
Tuesday, more aggregate would be hauled by a four-man crew; on Wednesday, 
three men wuld finish hauling aggregate and two men would spread and 
compact all aggregate placed in the area. 

Usually, material was hauled by 2 to 6 men, each equipped with a truck. 
The aggregate was roughly· spread on the road by means of a truck spreader 
bed or by dumping through a chained tailgate on an end dump bed. A minor 
amount of hand spreading was also done by truck drivers. Spreading -was 
completed by heavy duty trucks with underbody blades or by motorgraders 
after all, or almost all, aggregate needed in an area was in place. 
Aggregate was generally compacted by traffic, but sometimes this was done 
by a rubber-tired roller towed by a tractor. 

Most crews engaged in this operation did not use warning signs or flag
men. Traffic volumes were light, and they moved at below nomal speeds 
because of the poor condition of roadway surfaces. 

Production studies of this operation were limited. They covered only 
men and trucks which hauled and roughly spread aggregate. The average 
haul distance was 39 miles which -was longer than would normally be en
countered. No studies were ma.de on men and equipment engaged in final 

spreading or compaction. 
The studied crews lost very 
little time in delays. This 
was mostly due to the fact 
that each man operated in
dependently, and there was 
no attempt to set up a con
tinuous process with men 
loading, hauling, spreading, 
and compacting simultaneous
ly. The average speed at·
tained by studied crews during 
travel, haul, and return was 
higher than normal. This was 
attributable in large part to 

Figure 20. Truck spreading aggregate. the 39-mile average haul. 



TABLE lo8 

REl!UILD GRAVEL SURFACES -
DIBTRIIDUON OF 63 llOUHl 11AWr FOR Ml!N ABSIGNED 

TO HAUL AND 8PlllW) AOORF.GA!l'E 

Wcation a.nd item 

Workl!!lite 

A. Cyclic work 1tema: 
1. Spread or l.evel. aggrego.te by band !/ 
2. Unload and spread aggregate with 

truck spreader bed 
3. Unload and epread aggrego.te with 

tnlCk (end du:;>) 
4. MllllC!UVOr to aprcad 
5, Move ahead to new work area. 

B. Supporting -work 1taue 
C. Del.aye - 'WB.it on cyclic work item 
D. !2lays - other 

Total - worksite 

~ 
E, Travel to , n,:m, or bet,vt<:n wrkeitee 

(including Mul. and return) 
F. Supporting work it11ne 
o. Delays 
JI. Non-eupporting work 1toma and delays 

Total - other 

Total wrk 1 tems on assigned operation 
(A+ B + E + F) 

Percent Pe.t'fo.na4:noe 
of NAwr (Avg per hour) 

y l.5,0 cu yd!/ 

4 23.3 cu yd 

¥ 316.0 cu yd 

y 
5 26.7 cu yd 'JI 
~ ¥ 

6 22.3 cu yd "JI 

75 
3 

15 

...! 
...2t 
l.00 1.4 cu yd "JI 

83 

!/ Aggregate we.e previously spread by' trucks. Based on aggregate 
actually apread by band, 

g/, O. 5 percent or lese:. 
I/ Baaed on aggregate haul.ed and epread, 

TABLE l.09 

REBUILD GRAVEL SURFACES -
DI8TRlll!1.l'ION OF 63 JIOURS NAwr FOR TIIUCKB ABBIONED 

TO l!AUL AND SPREAD AOOREGA!l'E 

Location and item 

llorkeito 

A. Cyclic work items: 
1. unload a.od aprea.d. stone witb 

eproader bod 
2, Ulllood Md eprt,ad etone ( end chmq>) 
3. Maneuver to spread 
4, Move ahead to new work area 

B, SUpporti.ng work itl!DB 
c. Dele.ys - llB.it on cyclic work item 
D, Delays - other 

Total - -workeite 

~ 
E, Tmvel to, tram, or between worksites 

(including ha.ul. and return) 
F, Supporting wrk itBDS 
G, Delays 
JI. Non-eupporting work it<DS and delays 

Total - other 

TOTAL-

Tote.l. work items on assigned operation 
(A+ B + E + F) 

!/. 0,5 percent or l oss, 
'ij Baaed on aurego,te haul.ed and epreod, 

Percent 
of NAwr 

4 

¥ 
!/ 

5 

M 1 
6 

l.00 

85 

Per:fonnlLnce 
(Avg per hour) 

23.3 cu yd 
316,0 cu yd 

(26 mph) 

27.4 cu yd g/ 

22,0 cu yd g/ 
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(g) Seal bituminous and concrete pavements. labor time charged to 
this operation accounted for 4.o percent of TA'WT in the three-county con
trol area. Practically all of the work was done on road sections with 
bituminous pavements. These pavements developed distressed areas under 
traffic due to weak spots or failures in bases and subgrades. Such base 
and subgrade failures were most frequent during spring thaw periods but 
occurred at other times of the year especially if the roads were carrying 
abnormal truck traffic. Road sections paved with bituminous surface treat
ments exhibited far more failures than those paved with bituminous plant 
mix. The distressed areas were usually spot sealed if the pavement had 
cracked but not disintegrated. This prevented water from entering bases 
and subgrades and bound together broken pavement so that it would not be 
displaced by traffic . Such sealing was a temporary expedient in maey 
cases as some areas were covered repeatedly. 

Some bituminous and concrete pavements were also sealed to correct 
gradual deterioration caused by aging. The areas so treated were usually 
much larger than those covered while alleviating spot cracking, In rare 
cases, large pavement areas were sealed to correct slick conditions hazard
ous to traffic. When an entire road section required sealing, the work 
was usually contracted. 

Aggregate used for sealing work was obtained directly from commercial 
quarries or from State stockpiles. The stockpiled aggregate was o:f'ten 
obtained under contract. MC-3 or M:)-4 asphalt was obtained from storage 
tanks located near most garages. 

This operation was usually performed by crews consisting of 4 to 10 
men, 2 to 5 trucks, 1 or 2 towed distributors, a rubber-tired or steel 
wheel roller pulled by truck or tractor, and, if aggregate w.s obtained 
from state stockpiles, a front-end loader. Occasionally, the crews also 
utilized a roll spreader and/or a broom. The composition of individual 
cr~ws varied considerably depending on the size of the job, haul distances, 
equipment available, and personal preference of foremen. 

Usually crews wrked by assigned tasks. One man drove a truck towing 
a trailer-mounted distributor, one man operated the distributor, 1 to 4 
men operated trucks hauling ana. spreading aggregate, one man operated a 
truck or tractor towing a roller, and one man flagged public traffic. 
Normally, work was confined to one or tw areas at a time in order to 
minimize interference to traffic . At each area, the first step was for 
the distributor operator to inspect the pavement and decide on limits for 
sealing, The distributor was then moved into position and a pass made to 
spray MC-3 or MC-4 asphalt at the rate of 0.15 to 0.50 gallon per square 
yard. In most cases, trucks with spreader beds backed over areas several 
times spreading 18 to 61 pounds of aggregate per square yard. In a few 
cases, trucks with end dump beds were used and aggregate was spread 
through a chained tailgate or with a roll-type spreader. Spots missed by 
trucks were covered by hand spreading. Sometimes, towed drag or power 
brooms were used on the same day or on following days to redistribute 
the aggregate. Rolling was done by truck wheels, towed rubber-tired 
rollers, towed steel wheel rollers or, rarely, by a self-propelled steel 
wheel roller. 

Crews working on this operation usually observed good safety practices. 
Warning signs were almost always erected at the limits of the worksite 
and a full time flagman was quite co:uunon. 
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Studies indicated that most crews assigned to sealing did not have the 
proper balance between men and equipment. Often there were not enough 
distributors or trucks to keep work progressing steadily and much time 
was lost waiting on hauling asphalt or aggregate. Further, the organiza
tion of crews and the work sequences followed resulted in men losing con
siderable time waiting on other men -working. Another major source of 
delays was waiting on heating asphalt. A one-day planned operation super
vised by study personnel indicated that it -would be possible to substan
tially increase production for all but the smallest jobs by (1) advance 
heating of asphalt, (2) balancing men and equipment, (3) laying out -work 
areas ahead of time, and (4) establishing a -work sequence which coordinates 
the activities of each man on the crew. 

Figure 21. Distributor spraying 
asphalt. 

Figure 22, Truck with spreader 
bed applying aggregate. 

Figure 23. Tractor and steel wheel 
roller rolling sealed area. 



TABLE 110 TABLE 111 

SEAL Bl.'l'UMIIIOUS AND CONCRETE PAl'EMElll'S -SEAL BITUMINOUS AND CONCREll'E PAVEMENTS -

DISTRI!ll1l'ION OF 502 HOURS NA\lr FOR MEN ASSIGNED TO THE OPERA!rION DISTRllll1l'ION OF 435 HOURS NA!lr FOR TRUCKB ASSIGNED TO THE OPERA!rION 

klcation and item 

llorludto 
A. · Cycl.1.o wrk i tema: 

1. Spray asphalt li'ith distributor 

2. Unload or spread aggregate by hand 

3. Unload and spread aggregate with 
truck spreader bed 

4. Unload and spread aggregate 'With 
truck and roll spreader 

5. Broom ~ gate onto sealed areas 
with truck and power or drag broom 

6. Boll sealed areas with truck Weels, 
tractor, or roller 

7. Maneuver to spray, spread, or roll 
8. M:Jve ahead to new work area 

B. Supporting work items 
C, Dela.ye - we.it on cyclic work item: 

1, Wait on spread aggregate 
2, other 

D, Delays - other: 
1. Wait on haul asphalt or aggregate 
2, -t OD heat asphalt 'JI 
3, othor 

Total - worksite 

other 
i:°"Trevel to, !'rm, or bot'oleen wrksites 

(includl,:,ji l>o.ul. and ... tum) 
F. 8-ort:lns wrk itens 
0, Delays: 

1. ~t OD heat asphalt 'JI 
2. Otbor 

H, Non-s~rting work items and delays 

Total - other 

TOl'AL 

Percent 
of NA.wr 

1 

3 
1 
6 

-19 

7 
15 

9 

19 
7 

- 22 

1v 

52 

48 

100 

l'erl'l>nlM<:o 
{Avs per hour) 

1,170 gal 
3,900 sq yd 

o.47 cu yd 
125 eq yd 

11.4 cu yd 
1,090 sq yd 

12.1 cu yd 
l,28o aq yd 

2,48c sq yd y 
1,100 sq yd y 

248 sq yd 'ij 

91 sq yd 'ij 

47 eq yd 'ij 

Location and item 

Worksite 
~c "WOrk items: 

1. Spray asphalt v.lth distributor 

2, Unload and spread aggregate with 
spreader bed 

3. Unload and spread aggregate with 
roll spreader 

4-. Broom aggregate onto sealed area with 
power or drag broom 

5. Roll sealed area. 
6. Maneuver to spray, spread, or roll 
7. Move ahead to new work area 

B, SUpporting work itema 
c. Del.aye - wait on cyclic 'WOrk item: 

1. Wait on spread aggregate 
2. other 

D, Delays - other: 
1, Parked 'While men wrk 
2, Wait on haul asphalt· or aggregate 
3. Wilt on heat aaphal t 
4. Othar 

Total - wrkaite 
other 
i:°"Treve;l. to., n..:m, or Mt\lC,tm "WOrksites 

(inclu4:lne hnul. and rotlmi) 
F, ~orting work itE98 
G, Delays: 

1. Wait on heat aspba.l.t 
2. other 

H. Non-supporting work itEIIlB and delays 

Total - other 

TOTAL 

Total wrk itens on assigned operation 
(A+ B + E + F) 

Percent 
of NA.wr 

y 
1 
2 
2 

.i 
17 

4 

6 
~ 

9 

6 
3 
3 

_]_ 
!2 

49 

22 
6 

6 
17 
- 23 

J! 
.l! 
100 

49 

Perfo:nnance 
(Avg per hour) 

2,300 gal 
7,56o eq yd 

12.3 cu yd 
1,18o sq yd 

35,0 cu yd 
3,670 eq yd 

3,700 eq yd 2/ 
2,110 Bq yd"!/ 

(10 ll!Jlh) 
455 11'1 yd JI 

168 sq yd 'JI 

(33 mph) 

Total wrk items on assigned operation 
(A+ B + E + F) 

fl Hat all. of the area sett...led vae ~ii or .rollctd, Dt.80'4 on ono pass 
0V1;Jr RNl;I n.0tU:All,y cowred. 'ij Based on area sealed, 'JI Total delay 
ti.tt;n .to:t" thltl c11.U110 w., 10 percent. 1.±/ 0. 5 percent or lean. 

Y. 0. 5 percent or lour-. . 
"g/ Not all. of the a:rM. sealed was broomed or rolled. Based on one pass 

over m:ca. w:tual.1.y- covered. 
JI Bseed on uc/1 •Ml.od. 

TABLE 112 

SEAL BITUMINOUS AND CONCl!lm: PAI/Dlllfl'II -
DISTRIEUTION OF 8 HOURS NA\lr FOR ROLL BPl!iWERB ASSIGNED 

TO THE OPERA!rION 

Location and item 

Workaite 

A, Cyclic work items: 
1. Spread a.ggrege.te 

2. Maneuver to spread 
3. Move ahead to nev work area 

B. Supporting work item.a 
C. Delays - wit on cyclic wrk items 
D. Delays - other: 

1. Wait on haul.. asphalt or aggregate 
2. Wait on men and other equ1,p:icnt. unite 

c,~ed 1n preparations, shutdown 
or travel 

3. Wait on heat asphalt 
4. other 

Tot.al - worksite 

other 

E. Travel to, fl'am, or between workai tea 
F, Supporting wrk itens 
G, Delays: 

1. Repair equi-nt 
2. other 

Total - other 

Total work items on assigned operation 
(A+ B + E + F) 

y Bssed on aggregate actually spread, 

Percent Performance 
of NA.WI' (Avg per hour) 

16 
35.0 0~ ydJ/ 
3,670 oq )'il 

3 

.i (7 mph) 

25 
23.0 cu yd 

4 
2,410 eq yd y 

4 

15 

10 
3 

...2 
37 8.2 cu yd 

70 86o eq yd y 

8 (23 mph) 
3 

11 
__§_ 

...!2 
..l9. 
100 

4o 
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SEAL BITlJMINOUS AND CONCRElrE PAVEMENrS -

DISTRilllTION OF 27 HOURS NAl/T FOR TRACTORS AND FRONT END LOADERS 

ASSIGNED TO THE OPERATION 

IDcation und i te:m 

~ 
A. Cyclic wrk 1 tems : 

1. Roll sealed area 
2. Maneuver to roll 
3 , J.k>ve ahead to new wrk area 

I\. Supporting work items 
c. Delays - wait on cyclic wrk item: 

1. Wait on eprea.d aggregate 
2. Other 

D, DelayG - other : 
l. Wait on haul asphalt or aggregate 
2. other 

Total - wrksi te 

~ 
E. Travel to, :from, or betwen wrkaitea 
F, Supporting wrk items: 

l. Load aggregate 
2. other 

G, Delays: 
l. Wait on heat asphalt 
2, Standby 
3, Other 

H, Non-supporting llOl'k items e.nd delays 
Total - other 

T®\L 

Total "WOrk items on assigned operation 
(A+ B + E + F) 

Not all of tho area Geo.led was rolled. 
actually covered. 
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percent 
of NAWI' 

12 
1 

~ 
17 

1 

9 
..l 

10 

,, 
~ 
~ 

36 

Performance 
(Avg per hour) 

7.0 sq yd!:} 

(6,:,ph) 
530 •q yd!:} 

255 sq yd!:} 

9 (16 mph) 

19 36.0 cu yd 
11 
- 30 

6 
6 

11 
- 23 

2 
64 

100 

57 

Baaed on one pass over area 

SEAL BITlJMINOUS AND CONCRETE PAVEMENTS -

DISTRI!ll7rION OF 50 HOUllS NAl/T FOR ROLillRS ASSIGNED TO THE OPERA!rlON 

Worksite 

A, Cycl.ic wrk items: 
1. Roll sealed area 
2. Maneuver to roll 
3. Move ahead to nev work area 

ll, suwcrting 'W<>rk it""" 
c. Delays - wait on cyclic wrk item: 

1. Wait on spread aggrega.te 
2. other 

D. Delays - other: 
1. Wait on haul asphal.t or aggregate 
2. Wait on heat asphalt 
3. other 

Total - worksi te 

~ 
E. Trawl to, :fran, or betveen wrkeitee 
F, Supporting wrk items 
O. Delays 
H. Non-su;pporting work items and delays 

Total - other 

Tct.rAL 

Total 'VOrk items on aaaigued operation 
(A+ B + E + F) 

Percent 
of HAW' 

24 
6 
~ 

11 

..l 

6 
3 
~ 

"" 3 

12 

!2 

10 
2 

13 
1 

74 

100 

55 

Performance 
(Avg per hour) 

1,.00 eq yd!:/ 

(8 mph) 

845 eq yd 

46o •q yd!:/ 

(18 mph) 

!} Not all of the area sealed we rolled, :Eased on one pass over area 
actually covered. 

TABLE 114 
SEAL Bl'l'UMINOUS AND CONCRElrE PAVEMENrS -

DISTRI!ll7rION OF lo8 HOURS NAl/T FOR DISTRIB!Jl'ORS ASSIGNED TO THE OPERATION 

Location and i tera. 

Workaite 
A. Cyclic wrk items: 

1, Spray asphaJ. t 

2. taneuver to spray 
3. Move ahead to new work area. 

B, Suppo:rtiog work. items: 
1. Heat osphal t 
2. otber 

C. Delays - wait on cyclic wrk items: 
1. Wait on spread aggregate 
2. other 

n. Delays - other: 
1. Wait on haul asphalt or aggregate 
2. other 

Total - wrksite 

other 
~vel to, 1'rom, or between vorkeites 

(including haul and return) 
F. Supporting -work i terns : 

1. Heat asphalt 
2. Load asphalt 
3, other 

G. Del.aye : 
1, Standby 
2. other 

H. Nonsupporting 'WOrk items and delays 
Total. - other 

TOrAL 

Total "WOrk items on assigned operation 
(A+ B + E + F) 

Percent 
o:f NAWI' 

1 
6 

10 

5 
2 

7 

11 

_1/ 
11 

5 
10 

15 

13 

19 
6 
4 

29 

5 
10 

15 

43 

57 

100 

59 

1/ IBsed on area. sea.led and aspbal t sprayed. 
"!J 0.5 percent or lees, 

TABLE116 

Perfo:rmfLllce 
(Avg per hour ) 

2,300 gal 
7,56o •q yd 

(12 mph) 
66o gal 
2,210 eq yd!:} 

156 gal 
520 sq yd !:/ 

(34 mph) 

SEAL BITlJMINOUS AND CONCRElrE PAVEMENrS -

DlSTRill/l'ION OF 6 llOlffiS NAl/T FOR DRAG AND POWER .ll80(J.l.'I 
ASSIGNED TO THE OPBRATION 

Location and 1 tem 

A. Cyclic work items: 
1. Broom ~gate onto sealed area 
2. Move l!lhea.d to nev work area 

B, S~ortillg work items 
C, Del.Aye - wit on cyclic wrk item 
D. Del.aye - other 

Tota.J. - wrkeite 

~ 
E. Tmvel to, f'rom, or between worksites 
F. Su;pporting work i tame 
G. Delays: 

1. standby 
2. Service (i'uel, oil, grease, etc.) 
3. other 

Total. - other 

T®\L 

Total. work items on assigned opere.tion 
(A+ B + E + F) 

Percent Perfo:mance 
of' NA\f.r (Avg per hour) 

26 3,690 eq yd !:} 
..l (36 mph) 

27 3,510 eq yd!:/ 
13 

2 
42 2,270 sq yd !:/ 

22 (36 mph) 
5 

15 
6 

10 

.l! 
~ 
100 

67 

Y Not &ll of the area eeal.ed 'W'aS broomed. D:l.eed on one paee over a.res. 
actU&l.ly covered. 
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(h) Resurface 'With bituminous mixes. labor time expended on this 
operation amounted to 1.8 percent of TAWT in the three-county control area. 
This type of -work -was occasionally perfonned on road sections with con
crete pavement, but the bulk of it -was done on sections with bituminous 
pavement. These pavements developed distressed areas due to weak spots or 
failures in bases and subgrades during spring thaw periods. Most dis
tressed areas were patched one or more times with bituminous cold mix or 
aggregate to keep traffic moving. However, some pavements continued to 
deteriorate until it became necessary to overlay or replace large areas 
with bituminous cold or hot mix. Time spent by State forces on this 
latter type of -work -was classified as resurfacing. 

Bituminous cold mix used for this operation was a mixture of aggregate 
and MC-3 or MC-4 asphalt. Sometimes it -was obtained directly from commer
cial plants; sometimes it -was stockpiled at garages under contract, and 
at other times it was prepared by maintenance forces. Bituminous hot mix 
-was a mixture of selected aggregates and asphalt cement. It was almost 
always obtained directly from connnercial plants. 

Crews assigned to this operation varied considerably in size. Gener
ally, small jobs were handled by 4 men, 2 or 3 trucks, a motorgrader, a 
distributor, and a towed steel-wheel roller. I.a.rger jobs were done by 
crews consisting of 8 to 11 men, 5 to 7 trucks, l or 2 motorgraders, a 
distributor, and a steel-'Wheel roller towed by a tractor. Crews also 
utilized a front-end loader 'When hauling cold mix from State stockpiles. 
In a few cases, a towed power broom -was used to remove dirt and debris. 

Normally, old pavement and debris were removed from the area to be 
resurfaced by hand or with a motorgrader. A tack coat of MC-3 or MC-4 
asphalt -was applied by a distributor, Then, bituminous cold or hot mix 
was hauled and dumped in place by trucks, spread and leveled by a motor
grader, and compacted by iootorgrader 'Wheels and/ or a towed roller. In a 
few counties, crews sealed the resurfaced area as an integral part of this 
operation. It was done in a manner similar to that previously described 
for the operation seal bituminous and concrete pavements. In most 
counties, sealing was perfonned at a later date and was considered to be 
a separate operation. Crews nonnally worked by assigned tasks. On small 
crews, one man drove a truck pulling a distributor, one man operated the 
distributor, one man operated a motorgrader and towed roller, and one man 
hauled bituminous cold or hot mix. On large crews, one man drove a truck 
pulling a distributor, one man operated the distributor, one or two men 
operated motorgraders, one man operated a tractor pulling a roller, 3 to 
5 men hauled bituminous cold or hot mix, and one man flagged traffic. 

Most of the crews followed good safety practices 'While engaged in this 
operation. Warning signs were placed at all worksites. On small crews, 
men took turns flagging public traffic during work breaks; on large crews, 
there was usually a :f'ull time flagman throughout the day. 

Production studies of this operation were not very extensive. One 
small crew and one large crew were studied while resurfacing with bitumi
nous cold mix. The large crew sealed resurfaced areas as an integral 
part of their operation. As previously noted, such sealing was not done 
by all resurfacing crews. The studied crews and other crews observed 
during the study period almost always lost a high proportion of their 
time due to delays regardless of 'Whether or not sealing -was done. Small 
crews needed more trucks to match hauling capacity to the capacity of 
distributors, motorgraders and rollers. large crews needed more super
vision, better organization, and :improved work methods to minimize delays. 



TAllLE 117 
RESURFACE lllTII BITUMINOUS MIXES -

DISTIUBUrION OF 124 HOURS NAliT FOR MEN RESURFACINO \IITII COLD KIX 

Location and item 

Vorkait.e 
A. Cyclic wrk items: 
1. RamoYO old p&VQOClnt and debris by hand or 

with n10torgro.der 
2. Spray asphalt f'or prime or seal vith 

distributor 

3. Unload, spread or level cold mJ.x by hand 

4. Spread or level cold mix with motorgra.der 

5, Roll cold mix or seal with motorgra.der \fheel.s 
or roller 

6. Broom cold mix with truck e.nd paver broom 
7. Sp...,ad ._.,got<> l'or D<>OJ. by band 
8. U'llcad CU'ld c:pi°Clld ~te i'or seal vi th 

truck spreader bed 
9. ~position motorgl'ft.der blade 

10, ~uver to 11__p:my, spread, roll or broom 
11. !iklve ahead to nev work area 

B. aupporting work items : 
l, Fl.Ag and direct public t:raf'fic 
2. other 

C, llol.o.ys - wit; 0 .11 cycl.Jc work item: 
1. Va.1..t on unload, apno.d or level cold mix 
2, other 

D, Da.l.a:ys - other: 
1. '1,ai_t; on haul asphalt, cold mix, or aggregate 
2. other 

Total - wrksite 

~ 
E. tJ:'rQ.vol to, from, or between worksites 

(1ncluding haul and return) 
F. Su;pportiDs work items 
0, Delays 
B:, Nonsupporting work item.a and delays 

Tot.al. - other 

T<ll'AL 

Percent P1lrto~cc 
of NAwr (Avg por hour) 

l 
l 
3 
2 

-19 

7 
9 

- 16 

7 
4 

-11 

5 
u 
- 16 

-62 

19 
6 

1,425 gal 
6,100 sq yd 
10 .6 cu yd 
795 sq yd Y 
24.4 cu yd 
1,790 sq yd ij 

2,6oo eq yd ,Y 
2,36o sq yd g/ 

32.6 cu yd 
2,620 sq yd 

3.2 cu yd 
236 sq yd '±J 

o.6 cu yd 
61sqyd'±J 

100 0.5 cu yd. 
38 •<I yd y 

Total. work items on e.saigned operation (A+Bf-E+F) 62 

4-nA rt:O\U"t'aced. '48 brool:4il or rolled. JD.,~ on ono pioe over area actually 
cove.rod . JI 0.5 perc,_ont or loso. ':J Booed. on b1t1Dinow, cold mix placed. 

TABIE 119 
RESURFACE III'.m BITUMINOUS MD<ES -

DISTRIBUTION OF 7 HOUR'l NAWT FOR TRANSPORl'ATION PICKUPS ASSIGNED TO 
R&'IURFACING WITH corn MIX 

Location and item 

llozkeito 
A. Cyo.11e work itms: 

1. M:>ve ahead to new work area 
B. SUpporting work items 
C. Delays - wait on cyclic 'Wtlrk item 
D, Delays - other : 

1. Pe.rked 'While man wrk 
2. other 

Total - vorkeite 
other 
~wl to, from, or between vorksitea 
F, Supporting vork items 
G, Dolaye: 

l. standby 
2. other 

Total - other 

T<71'AL 

Tote.1 wrk items on aBBigned aperation 
(A+ B + E + F) 

""fl 0.5 parccmt or loH, 

Percent Performance 
of NAliT (Avg per hour) 

2 (23 mph) 
2 

65 y -~ 
69 

u (4o mph) 
3 

10 
7 
-!I 

31 

l.00 

16 

TABI.E 118 
RESURFACE WITH BITUMINOUS MD<ES -

DISTRIBUTION OF 67 HOUR; NAWT FOR TRUCKS ASSIGNED TO 
RESURFACING III'.m COID MIX 

Location end item 

Work.alto 
~c work items: 

l . Spray asphalt :for prime or aea.l rlth 
distributor 

2. Roll bi tuminoua cold mix or seal with 
roller 

3, Broom bituminous cold mix with 
power broom 

4. Unl.oad B.lld spread aggregate for seal 
with spreader bed 

5, Maneuver to spray, spread, roll, or 
broom 

6. Move ahead to new vork area 

B. Supporting work iteillJl 
C. Dela.ye - w..t t on cyclic wo:rk item: 

l, Wait on spread or level bi tUlll.lnOU.111 
cold mix 

2. Wait on spreed aggregate f'or ses.l 
3, other 

D, Dels..ya -other: 
l. Wait on haul e.aphalt, bituminous cold 

mix or aggregate 
2. Wait on heat bi tumi.noua material. 
3, other 

Total - work.Bite 

Other 
'lf.'Svol to, ,n,,cm, or betwen workeitee 

( incl.~g haul and return) 
F. Supporting work iteme: 

l. load bituminous cold mix or aggregate 
2. other 

G, Delays 
H. Non- supporting work items and delays 

Total - other 

TOTAL 

Total work items on assigned operation 
(A+ B + E + F) 

Percent 
of' NAWT 

l 

1 

l 

3 
2 

11 

7 

16 
5 

2 
25 

4 
.2 

!1 

21 

5 
..1 9 

10 

.11 

6o 

~ 
100 

48 

Performance 
(Avg per hour) 

2,880 gal 
12,35() sq yd 

3,54o sq yd y 
4,720 sq yd y 
56.8 cu yd 
4, :,6o sq yd 

(28 mph) 

~;g ~~ ;! y 

1.6 cu yd y 
115 aq yd 

(31 mph) 

Y Jlot; ClU ot the are"' :ft!uw-t'OecO VGO bromw:a or •VJ.J.J:11... m.e4 on one 
pus over ,CU'OB octua.Uy ealM'Cl:d.. 

g/ .&Ged on bitua:1.noua coli mx placed, 'lf o. 5 percent or less. 

TABI.E 120 
RESURFACE WIW BIWMINOUB MD<ES -

DISTRIBUTION OF 21 HOURI NJ.WT FOR TRACTOR, AND FOONT-END LOADER, 
ASSIGNED TO R&'IURFACING l1I1ll COID MIX 

L:>catioa. and item 

Wo1·lu11te. 
~o wrk items: 

l. Roll bif;\D.1.Lt,ou.n cold mix and seal 
vith roller 

2. likn.euver to roll 
3. !tlve ahead to nev vork area 

B, Supporting wrk items 
C, Delaye - wit on cyclic work items: 

l. Wait on spread or level cold mix 
2. other 

D, Del.s.ye - other 
'.1l>W - ..,ru1to 

other 
~vel to, :from, or between vorkeites 
F, SUpporting wrk items : 

l. Load cold mix or aggregate 
2, other 

o. Del.aye: 
l. Standby 
2. Wait on men and other equipment unite 

enpae:d 1n preparations, shutdown, 
or travel 

3. Other 

Total - other 

TOTAL 

TotoJ. work items on assigned operation 
(A+ B + E + F) 

Percent Performs.nee 
of NAWT (Avg per hour) 

3 
1 

2,960 eq yd y 
l (9 mph) 

5 1,470 eq yd y 
y 

10 
3 

- 13 
11 

29 26o eq yd y 

l (5 mph) 

17 31.1 cu yd 

..3. 
19 

30 

17 
4 

51 

71 

100 

25 

!/ Not All. of' the area reeurfe.ced we.a rolled. Based on one pa.es over 
area a.ctmlly covered. 
g/ 0. 5 perceot or lees. 



TABIE 121 
R&SURFACE WI'lll BITUMINOUS MIXES -

DISTRIBUTION OF 23 HOURS NAWT FOR MOT()N)RM)Slfl ASSIGNED '.ID 
R&SURFACING Wllll COLD MIX 

I.oca.tion &nd item 

~ 
A. Cyclic ,rork itans: 

1.. Blade old llGVUIIICDt. and debrie f'rom 
roadway 

2. Spread or level bit\Di.nous col.d mix 

3. Roll bit\1111.nouc cold mix with 'Wheel.a 
4. Reposition blade 
5. Maneuver to blade or spread 
6. K:>ve ahead to new work area 

B. SUpporting wrk it....,: 
1.. Meneuver 
2. other 

c. Delays - wait on cyclic work item 
D. Del.aye - other: 

1. Wait on haul aspba.lt, bit\DinoUD 
cold mix, or aggregate 

2. Instructions 
3. Other 

Total - wrksi te 

~ 
E. Travel to, f'rom, or between wrksitee 
F. SUpporting wrk items 
o. Dela.ye: 

1. Wait on men and other equ.tpnant '\mite 
engaged 1n preparations, shutdown, 
or travel 

2. other 

Total - other 

TOrAL 

Total work it.ems on aeeigned ope:re.tion 
(A+ B + E + F) 

Percent 
of NAwr 

l 

12 

l 
2 
5 

..3. 
23 

8 
.2: 

9 
9 

15 
4 

g 
J2. 

71 

7 
7 

13 
2 

-.12 
22 
100 

li6 

Perf'onna.nce 
(Avg per hour) 

2,400 eq yd ij 
24.4 cu yd 
1,790 aq yd g/ 

1,200 ~q yd 'JI 

4.o cu yd 
295 eq yd 1±/ 

(11 mph) 

y Not all of the area rcaurfac:cti was blft4cd. Dl1ud on one pass over 
.,.... .. tU>J.l.lf covo.,ad. 

g/ !'llrt~ aproe.4 <1U<l lc""le4 by IIMd. 'JI Ho~ o.ll ot the area re
aur.lb.caci vn.a .roll.ad. D:lab.d on oa.o pa.oo ovu:r ,:,t,2"00. octuaJ.J.y covered. 
y llaood on ~it\llWIOWt cold. 111>< oprel\4 <1nd io...i.o4. 

TABIE 123 
RF.SURFACE WITH BITUMINOUS MIXES -

DISTRIBUTION OF 3 HOURS NAWT FOR POWER BRJOK9 ASSIGNED 'ID 
R£SURPACI>:O Vl'lll COLD MIX 

IDCa.tion and itsn. 

~ 
A, Cyclic \/Ork items: 

1. Broom bittminous cold mix 
2. l,hneuver to b:roan 
3. lt>ve ahead to new work area 

B. Supporting wrk i terns 
C, Delays - we.it on cyclic wrk item: 

1, Wait on spread or level bi tU11inous 
cold mix 

D, Delays - other 
Total - wrksite 

E. Tre.vt!l to, :from, or 'between wrkeites 
F. SUpporting 'WOrk items 
G. Delays 

Total. - other 

TOrAL 

Total. "WOrk items on assigned operation 
(A+ B + E + F) 

Percent Perf'o.rma.nce 
of NA\tl.r, (Avg per hour) 

24 4,730 oq yd y 
2 

.2: ( 27 a,ph) 
27 if,270 aq yd y 
12 

12 
2 

53 2,150 oq yd y 

25 (21 mph) 
2 

~ 
...'!I 
100 

66 

!J Not all of' the area resurfaced vae broomed. l\flsed on one pass 
over a.rea actually covered, 

TABIE 122 
RESURFACE WITH BI'IUMINOUS MIXES -

DISTRIBUTION OF 29 HOURS NAWT FOR DISTRIBU'IDPS .ASSIGNED TO 
R&SUllFACl!;o lfl'lll COID l\tlt 

Location and item 

~ 
A, Cyclic 'WDrk items: 

l, Spray aepho.J. t for prime or seal 

2. Maneuver to spray 
3. Move ahead to new work area 

B, Supporting work items: 
l. Heat asphalt 
2. Other 

c. Delays - "Wait on cyclic wrk item: 
1, Wait on spread or level bituminous 

cold miX 
2, other 

D, Delays - other: 
1. Wait on haul bituminous cold mix 

or aggregate 
2, Other 

Total - worksite 

·~ 
E, Travel to, tram, or between wrksites 

( inclUdJ:na ho.ul and return) 
F. Supporting work 1 terns : 

1, Heat asphalt 
2. other 

G, Del..e.ye 
Total - other 

TOTAL 

Tot.cu. \.\')rlc 1:t~o on assigned operation 
(A+ ll + ll + F) 

Percent 
of' NAwr 

3 
.2: 

7 

11 

..l 
14 

20 

..2. 
29 

15 
.i 

21 
71 

8 

7 
4 

11 
10 

22 
100 

4o 

Y Baaed on area. f'OO"Ur,fu.aod. and asphalt sprayed. 

TABIE 124 

Performance 
(Avg per hour) 

2,88o gal 
12,350 eq yd ij 

(17 mph) 

925 gal 
3,950 sq yd ij 

96 gal 
410 sq yd y 

(2B mph) 

R&SURFACE WITH BI'.lUMINOUS MIXES -
DISTRIBUTION OF 16 HOURS NAWT FOR HOLIER> ASSIGNED TO 

RESURFACING WITH COID MIX 

location and item 

~ 
A. Cyclic "WOrk items: 

l, Roll bi tan:1.noua cold mix and seal 
2, Maneuver 
3. Move ahead to new work area 

B, Supporting work items 
C, Delays - wait on cyclic work item: 

l. 'Wait on spread aggregate 
2, Wait on aprea.d or level bituminous 

cold mix 
3. other 

D, Delays - other: 
1, Wait on men and other equ.lp:ient. uni ts 

engaged iD p:reparatiouo, shutdown, 
or travel 

2, Wait on haul asphalt bituminoue cold 
mix or aggregate 

3. other 

'l'ote.l - work.site 

Other 

E, Travel to, from, or between wrksites 
CJ• Delays: 

L Wait on men a.o.d other equipment units 
engaged 1n p.repare.tione, sbutdow, 
or travel 

2. Other 

Total - other 

TOrAL 

To·t.al. llDrk items on assigned operation 
(A+ B + E) 

Percent 
of' NAWI' 

14 
3 
3 

- 20 
1 

10 

..l 
33 

14 

12 

..l n 

2 

11 
y 

g 
.ll 
100 

23 

Perf'onnance 
(Avg per hour) 

3,430 sq yd ij 

(10 mph) 
2,4oo eq yd y 

S4o sq yd y 

(6 mph) 

!/ Not all of' the area resurfaced wae rolled, Based on one pa.as over 
e.rea actuaJ.J.y covered. 

g/ O. 5 percent or lea a. 
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(i) Patch shoulders and approaches with aggregate. This operation 
accounted for 1.7 percent of labor TAWT in the control area. Almost all 
of the "WOrk was done on road sections 'Which had concrete or bituminous 
pavements. These sections developed distressed areas on shoulders and 
approaches due to settlement, erosion or traffic action. The most common 
type was a depression or "edgerut" immediately adjacent to the pavement 
that was hazardous to traffic. Most other distressed areas generally 
consisted of ruts or potholes at mailbox turnouts, road intersections, 
residential driveways and commercial entrances. M:iny edgeruts and prac
tically all of the other distressed areas were patched with aggregate. 

There were certain limitations on the maintenance of approaches, resi
dential driveways, and field entrances. State policy did not permit "WOrk 
to be done beyond the curb line in urban areas, beyond the right-of-way 
line in rural areas, or, were rural rights-of--way were wide, beyond 60 
feet from the road-way centerline. In addition, commercial entrances were 
not maintained beyond the shoulder line or for more than a nominal width. 

The type of aggregate varied from county to county but was usually a 
crushed limestone. Part was obtained directly from col!Dllercial quarries; 
the remainder from State stockpiles which had been obtained under contract. 

Crews assigned to this operation varied considerably in size. They 

Figure 24. Spreading aggregate 
in edgerut by hand. 

Figure 25. Spreading aggregate 
in edgerut with drag. 

ranged from 2 to 8 men, and 
l to 5 trucks. large crews 
usually had a drag spreader 
or motorgrader. If aggregate 
-was obtained from a state 
stockpile, the crews also 
utilized a front-end loader. 
It was observed that most 
shoulder and approach patch
ing was done by two-ma.n crews 
equipped with one truck. 
They hauled aggregate from 
quarries or stockpiles to the 
"WOrksite, unloaded and spread 
it with a truck spreader bed 
or chained tailgate on an end 
dump bed, completed spreading 
by hand and rolled the aggre
gate with truck weels. 
large crews almost always 
utilized some type of spread
ing equipment. A drag 
spreader towed by trucks was 
common on edgerutting wile 
a motorgrader was used when 
repairing approaches, drive
ways or entrances. One man 
was al-ways assigned to operate 
the drag spreader or motor
grader. Rarely was any type 
of roller used for either 
shoulder or approach patching. 

There was considerable 
variation in the safety 
practices by crews. Small 
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crews did very little flagging of public traffic and rarely used warning 
signs. Large crews usually did more flagging and used warning signs, 
Sometimes, there "WS.S a flagman throughout the day. 

A number of production studies were nade on this operation. study data 
have been grouped according to whether crews were patching edgeruts or 
other types of distressed areas. Crews engaged in this operation spent 
a relatively small proportion of their time hauling and placing aggregate. 
Since crews always included more men than trucks, men other than drivers 
were productive only while aggregate was being put in place. Study data 
indicate that many small jobs could best be handled by a one-man crew, 
especially where work is being done on turnouts or approaches. Larger 
jobs, usually edgerutting, could best be done by crews larger than those 
commonly used at the present time with a proper balance between hauling 
and spreading capacity. In many cases, full time supervision should be 
provided for these large crews. 

TABLE 125 
PATCH SHOULIERS AND APPROACHES WIT!! AOORF.GATE -

DISTRilUI'ION OF 89 HOURS NA."1' FOR MEN ASSIGNED TO PATCH EOOERtJl'S 

!Dca.tion and item 

Worksite 
A. Cyclic "'°rk itens: 

l, Spread or level assre8Q-to by band ij 
2. unload and spread IISJ&l"'!lPltc vith drag 

spreader 
3. Unload and spread aggregate vith truck 

spreader bed 
4. Roll aggregate with truck wheels 
5. Reposition drag spreader 
6. ?-Bneuver to spread 
7 . Walk e.hee.d to nev wrk area. 
8 . ?-t:>ve ahead to new work area 

B, Supporting work items 
C. Delays - "Wait on cyclic "WOrk item 
D, Delays -- other: 

1. Wait on haul aggregate 
2. other 

Total - worksite 
other 
'i7'Travel to, :from, or between wrksites 

( including haul &nd return) 
F. Supporting ,;rork items 
C, Delays: 

l. Wait on load men, tools, or aggregate 
2. other 

n. No!1support1.ng ,;rork items and delays 

Total - other 

TarAL 

Total wrk items on assigned operation 
(A+ B + E + F) 

Percent Performance 
of NAWT (Avg per houx) 

4 7.6cuyd3/ 

6 21.3 cu yd 

3 32.1 cu yd 
1 128.8cuyd'J/ 

~ 
1 
1 

- 16 13.7 cu yd 'j/ 
5 
2 

19 
3 

- 22 
- 45 4,8 cu yd 'j/ 

55 

100 2,2 cu yd 'j/ 

62 

y Includes time for hand spreading aggregate du:aped in pile or previously 
sprerui by tn1ek or drag. 51 D::u,cd on aggregate spread by hand. 
"JI tfot all oI the o.rea patched w.1 rolled. Insed oo one pass over area 
act:w.lly covorell. ly O. 5 pero,:nt or leas. '2) Eased on aggregate placed, 

Figure 26. Spreading aggregate 
at approach by hand. 

TABIE 126 

PA'1'CII SHOUIDERI AND APPROACJIES WIIB AGGREGATE -
DISTRIBUTION OF 47 HOURS NAWT FOR TR!XI<ll ASSIGNED TO PA'1'CII EDGERUTS 

:Wcation and item 

~ 
A. Cyclic work itel118: 

1. Unload e.nd spread a.ggrega;te 1dth dre.s 
2. Unload and ep~ad aggregate with 

spreader bed 
3, full aggn:gs~ v:Lth wheele 
4. Maneuver to spread 
5. Move ahead to new work area 

B. Supporting work items 
C. Delays - vait on cyclic writ item 
D. Delays - other 

Total - worksi te 

~ 
E. Travel to, tn:a, or bec-,.-o.en workei ~s 

(including haul and neLurn) 
F. Supporting w:rk items: 

l. !Dad aggregate 
2. other 

G, Deia,,,, 
R. Nan-supporting "10rk i tellµ' and delays 

Total - other 

TOTAL 

Total vork items on assigned operation 
(A + B + E + F) 

Percent Perf'ormance 
of NAWT ( Avg per hour) 

6 39.2 cu yd 

6 29 , 7cuyd 
2 157 .8 cu yd!/ 
1 
2 (ll mph) 

-17 23,9cuyd3/ 
3 
3 

__.1 
26 19 .9 cu yd 3/ 

54 (33 mph) 

5 91.7 cu yd 
..1 

9 
11 
'l/ 

...12': 
100 

y ftot a.ll or me aff:it.. pa.1.ehad ws rolle.d . ~od on one pas• Ov.!r 
area actua.l.1y covered. 

Y Baaed on aggregate placed. 
J/ 0,5 percent or less. 



TABIE 127 
PA= SHOUIDER! AND APPOOAC!ml WITH AGGREGATE -

DISTRlBUTION OF 231 HOUR! NAWT FOR MEN ASSIGNED TO PA= 
O'mER TYPES OF DISTRESSED AREAS 

Iocation and item 

~ 
A. Cyclic work 1 tems: 

1, Spree.d or l.evel aggregate by hand !/ 
2. Un.load e.nd spread aggregate with truck 

spreader bed 
3. Spread o.gp'C'gate vi th 010torgrader 
4. P.oll aggregate w1 th truck lm.eels 
5. Maneuver to spread 
6. lt>ve ahead to nev work area 

B. Supporting work 1 tema 
C. Delaye - wait on cyclic -worlc 1 tem 
D. Delays - other 

Total - workeite 

~ 
E, Tre.vel to, t roc, or botvoon workeites 

( inclu41ng houl. nnd return) 
F. Supporting wrlt items 
G. Delays: 

1. Wait on load men, tools, or aggregate 
2. other 

H. Non~supporting work item.a and delays 

Total - other 

TOTAL 

Total wrk 1 tems on assigned operation 
(A+ B + E + F) 

Percent Performance 
of NAWT ( Avg per hour) 

6 3.1 cu yd g/ 

3 13.3 cu yd 
1 45,3 cu yd 
-y 45.0 cu yd '±J 
1 
~ 

13 12,0 cu yd z/ 
7 
1 

.J. 
28 5.4 cu yd 'i/ 

43 
9 

5 
15 
-20 

.J/ 
..E 
100 1,5 cu yd z/ 

72 

jJ ~• 11- for """" ep,..oAfna oear,,pta d~d ln puo or 
previously spreed by truck or drag. 

'ij !Beed on aggregate spread by hand. 
3/ 0,5 percent or lees. 
JI Not all of the area patched w.a rolled. Based on one pass over 

area sctua.ll.y covered. 
~ Be.eed on aggregate placed. 

TABIE 129 
PA= SHOUIDER! AND APPOOACHES WI1R AGGREGATE -

DISTRIBUTION OF e RQUR! NA!lT FOR MOTORlRADER! ASSIGNED TO 
PA= OmER TYPES OF DISTRESSED AREAS 

IDcation and item 

~ 

A, Cyclic worl< items: 
L Spread ll{!gregate 
2. Maneuver to spread 
3. Move Bhea.d to ne" vork area 

B. Supporting work items 
C. Del.aye - wait on cyclic wrk item 
D, Dele.ys - other: 

1. Wait on haul. aggregate 
2. Other 

Total - works1 te 

~ 

E. Travel to, f'rom, or between workei tea 
F. Supporting work items 
G, Deloys 

Total - other 

TOTAL 

Total. work itemo on assigned operation 
(A+ B + E + F) 

Percent 
of NAWT 

27 
19 
..2 

51 
9 

6 
~ 
~ 

76 

15 
5 

...'!. 
--3! 
100 

80 

Perfonnance 
(Avg per hour) 

47.0 cu yd!/ 
(14 mph) 
24,5 cu yd!/ 

16.6 cu yd!/ 

(17 no>h) 

1 NOt a.u of tba """°Ill''"' we opnu,a oy 110torgl'04cl'O. Bw>oa on 
aggregate actually spread . 

TABIE 128 

PA= SHOUIDER! AND APPOOACHES WI'rn AGGREGATE -
DISTRIBUTION OF 147 HOUR! NAWT FOR TRUCKS ASSIGNED TO 

PA= O'lllER TYPES OF DISTRESSED AREAS 

location and item 

~ 
A, Cyclic wrk items: 

1, Unload and spnad aggregate vi th 
spreader bed 

2 , Roll aggregate with wheels 

?,: :u:~a.!0 ~p=:dwork area 
B. Supporting work 1 tems 
c. Delays - wait on cyclic work item 
D. Delays - other: 

1, Parked 'While men work 
2, other 

Total - worksi te 

~ 
E, Travel to, trca, or bo~-«Oh workeitee 

( incl.udins htlu.l, and re:tum 
F. Supporting wrk items: 

1, load aggn,gate 
2. Other 

G. Dela;-.: 
1.. Wait on load men, tool.e, or lDBterial.s 
2. Parked while men work 
3. Other 

H. Non-supporting work items and delays 

Total - other 

TOTAL 

Total. work items on assigned operation 
(A+ B + E + F) 

y Ko~ oJJ. or 11\G a,u patc,be4 """ l'Olli!d. 
area actually covered . 

2/ Jloor:4 on aggrogo..to pl.aced. 
"j/ 0 , S poreeot or lc■ e. 

TABIJ! 130 

Percent 
of NAWT 

5 
4 

7 
6 
4 

- ...2 

6 
..l 

5 
4 

15 

41 

9 

- 24 
~ 

26 

..11; 

100 

63 

Perfonnance 
(Avg per hour) 

13.3 cu yd 
32,7 cu yd!/ 

(26 mph) 
7,5cuyd,Y 

17,6 cu yd y 

(35 mph) 

41.7 cu ya 

Based on one pa81 ovi:r-

PA'.lUII SROUIDER! AND APP= WI'.I!I AGGRl!GATE -
DISTRIBUTION OF 22 HOUR! NAWT FOR FRCllT-END LOADER! ASSIGNED TO 

PA= O'mER TrPF.B OF DISTRmSl!D AREAS 

Location and item 

E. Travel to, from, or between \IOrke1tes 
F, Supporting work items: 

1, lD8d aggregi,te 
2. Other 

G, Del.a:yB: 
1. Standby 
2. Wait on men and other equipment unite 

e~d in preparation ahutdo.m or 
t:n1.vel 

3, OtJler 

TOTAL 

Total wrk items on as11igned operation 
(E + F) 

Percent 
of NAWT 

100 

42 

PerfolmBJlce 
(Avg per hour) 

(13 mph) 

43,1 cu yd 
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(j) Patch shoulders and approaches with bituminous cold mix. labor 
time charged to this operation i;i.mounted to 1.4 percent of TAWT in the 
three-county control area. Work -was confined to those road sections which 
had concrete or bituminous pavements. These sections developed distressed 
areas on shoulders, approaches, driveways and entrances due to settlement, 
erosion and traffic action. As indicated for the previous operation, the 
most common type of distressed area was a depression or edgerut immedi
ately adjacent to the pavement. other distressed areas usually consisted 
of potholes or ruts at mailbox turnouts, road intersection, residential 
driveways and commercial entrances. Most of these areas were patched with 
aggregate. However, bituminous cold mix was frequently used for patching 
edgeruts, particularly when aggregate did not hold. Cold mix was also 
used for a minor amount of patching on bituminous surfaced approaches, 
driveways and entrances. Policy limitations described for the previous 
operation also applied to this operation. 

The bituminous cold mix used for shoulder and approach patching was a 
mixture of aggregate and MC-3 or t-C-4 asphalt. Sometimes it -was obtained 
directly from commercial plants; sometimes it was stockpiled at garages 
under contracts; and at other times it -was prepared by State forces using 
locally available aggregate. It -was observed that these cold mixes were 
not stockpiled any great length of time since they tended to harden in 
the pile. 

This operation -was normally carried out by small crews consisting of 
1 to 3 men and one truck. They also utilized a front-end loader when 
cold mix -was obtained from State stockpiles. At worksites, the crews 
first removed debris from the area to be patched. Bituminous cold mix 
ws then shoveled into place and spread by hand. Occasionally a truck 
spreader bed was used to unload the cold mix in piles which were then 
spread by hand. Patches were usually tamped by hand or rolled with truck 
wheels. Only rarely were areas primed before placing the cold mix. 

Safety practices of crews varied considerably. Some put out "W8.l"Il.ing 
signs. others did not. Men spent very little time flagging public traffic. 

During production studies of this operation the crews encountered were 
only patching edgeruts. study data indicate that these crews lost a con
siderable amount of time due to delays and to men, other than the truck 
driver, riding while cold mix -was hauled from plants or stockpiles to 
worksites. Unless a man is required for flagging, it would appear that 
most of this work should be done by a crew of one man and one truck for 
maximum efficiency. 

Figure 27. Spreading cold 
mix in edgerut by hand. 



TABIE 131 TAJIIE 132 
PA= SROUlllBIG AIID I.PPOOAC!!llS Wl'm BIWMIIIOUS COlll MIX -

DISTRIBUTION OP 51 HOURS NAWT FOR - ASSIGNED '00 PA= EOOERlll'S 
PA= ll!lOIIU)ERI AIID APPro.\CllES WI'm Bl'nlMIHOOS COlll MIX -

DISTRIBUTION OF 24 HOURS NAWT FOR TRUCKS ASSIGNED '00 PA= gj);)llJVl'6 

u>eation and it.am 

~ 
A, Cy,,llc 11011< items: 

1. AomoV¥ debris 1'rolll rut b,- hand 
2. Unload or spread bi tuminoue cold 

m1x by hand 
3. 'Dtmp b1ttDninOUJJ cold mix by hand 
4, lbll bituminous cold mix witl> truck 

llheele 
5. Walk ahead to new work area 
6. Move ehee.d to new work area 

B. Supportillg wo:rk itewl' 
C. Del.ayE - va1 t on cyclic wotk item 
D. DelAye - other 

Total. - workei te 

~ 
E. Travel to, tram, or between "Worksitee 
F. Bupporting wo:rk items 
G. Delays 
H, Non-supporting work items and del.e.ye 

Total - other 

Total work items on e,aeigned operation 
(Ii+ B + E + F) 

~I U,') percent. or u1&tJ. 

Percent 
of NAln 

1 

26 
y 

5 
1 

_§_ 
39 

5 
4 

..1. 
55 

21 
7 

17 y 
~ 

100 

72 

Performance 
(Avg per hour) 

2.0 cu yd 
ll,5 cu yd ?} 

8.4 cu yd ?} 

1.3 cu yd 'J/ 

0.9 cu yd 'J/ 

0.5 cu yd 'J/ 

Location Bild item 

~ 

A, C,,,llc worlc itema: 
1, Holl bituminous cold mix with Weels 
2. Move a.head to new work e.ree. 

B. Supporting w:rk items: 
l.. Unload bi tuminoua cold. Ilix by hand 
2, Other 

C. Delays - wa1 t on cyclic work item 
D. Del.aye - other 

'lbtal. - vorksi te 

~ 

E, Travel to, tran, or between wrksites 
F. Supportillg woli< itel111: 

l. IDad bituminoue cold mi¥ 
2. other 

G, Delays 
H, Non-supporting work items and dale.ye 

Total. - otber 

'OOTAL 

Total work items on aaeigoed operation 
(A+ B + E + F) 

Percent 
or NAWT 

10 
..2 

19 

23 
..1 

27 
2 

_§_ 
56 

21 

5 
1 

8 
14 
...! 

!!!t 
100 

75 

'!} Or.\cy" part of the area p&tched w.s tamped or rolled. Based on 
b1tumiJ:1oua cold mix actually covered, 

y at.ta """°m OD Oituminol,. OOld tllX p10<.ed, 

'JI Baeed on bitum.inoue cold mix placed. 

TABLE 133 

PA1'CH Sl!OOUIBflS AND APPROACHES wrm BrnJMINOUS COLD MIX -
DI8TIUlll'1ION OF 3 HOURS NAwr FOR FRONT-END LQIJEOO 

ASSIGNED TO PA1'CH EOOERllra 

Location e.nd item 

Other 
~vttl to, :tram, or between wrkeites 

F. Supporting wrk iteme; 
1. Load bitUllinous cold mix 
2. other 

o. Delays: 
1. Quit aarly 
2. other 

Total work items on aei,igned operation 
(E + F) 

Percent Per:tormance 
of NAWT (Avs per hour) 

14 ( 11 mph) 

38 
14 

21.9 cu yd 

52 

14 

~ 
.£ 
100 

66 

Performance 
(Avg per hour} 

8.4 cu yd 
(5 mph) 

4 .8 cu yd 

2.0 cu yd y 

(33 mph) 

21.3 cu yd 
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(k) Clean or repair unpaved drainage ditches. Labor time expended on 
this operation a.mounted to 1.9 percent of TAWT in the three-county control 
area. Work was performed on all types of road sections, but not all sec
tions in the control area were involved during the study year. Practi
cally all of the -work done covered cleaning dirt and debris from ditches. 
Repair of eroded areas was very infrequent in the three-county control area. 

Observations indicated that sediment was deposited in unpaved drainage 
ditches on all road sections at certain locations. These trouble spots 
were generally caused by deficiencies in design or construction or exces
sive erosion on the right-of-way and adjacent property. Some deposits 
built up to the point where they impaired or blocked drainage in a year 
or two; others took 20 or even 30 years. Eventually, the deposits must 
be removed to prevent damage to the roadway and adjacent property. 

Crews assigned to this operation usually consisted of 4 to 8 men, a 
truck mounted 3/8-cu yd dragline, 2 or 3 trucks, and a pickup for trans
portation. The men worked by assigned tasks. One man operated the drag
line, one man moved the dragline ahead as needed, 2 or 3 men drove trucks, 
one man directed dumping and one or two men flagged traffic. On small 
crews, the dumpman flagged traffic and the dragline was moved ahead by its 
operator or a flagman. Normally, the dragline was left overnight at a 
temporary parking area. The crew drove out to the job, picked up the 
dragline, and proceeded to a work area. The dragline operator first in
spected the ditch to be cleaned and decided 'What work -would be done. 
Deposits of clay, silt, muck and sod were then excavated, loaded and 
hauled to a nearby disposal site. Sometimes the excavated soil -was wasted 
but often it was used to build up eroded or settled shoulders and fills. 
Practically no handwork -was done at excavation or disposal sites. However, 
they·were sometimes leveled by a motorgrader at a later date. Crews nor
mally followed good safety practices while engaged in this operation. 
Warning signs were erected and one or two men flagged public traffic 
throughout the day. 

Production studies of this operation were confined to ditch cleaning 
since repair work was so minor. re.ta from studies indicate that there 
-was often a lack of balance between excavating capacity and hauling capac
ity on ditch cleaning. Men lost almost 20 percent of their NAWT waiting 
on loading, hauling, and dumping. Usually, only two trucks were available, 
and three were needed. A rule of thumb was developed from study data to 
determine the number of trucks needed to match hauling capacity to the 
excavating capacity of a 3/8-cu yd dragline under average conditions. 

Figure 28. Dragline cleaning sod and 
soil from ditch. 

I 

Haul plus 
return (miles) 

O.l - 1.2 
1.2 - 4.o 
4.o - 8.o 
8.o - 12.0 

No. of 
trucks 

2 
3 
4 
5 

Considerable time was also 
lost by men assigned to ditch 
cleaning due to instructions 
and inspection of worksites. 
&9.ving a designated supervisor 
present and staking out work 
in advance would do much to 
eliminate these sources of 
delays. 
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CIEA.N OR REPAIR UNPAVED DRAINAGE DITCHES -
DISTRIBUTION OF 191 liOU!fl NAWT FOR MEN ASSIGNED TO CIEAN DITCHES 

location and 1 tem 

~ 

A. Cyclic wrk items: 
1. Excavate and load soil with drag-

line 
2, Shape ditch or d1S"posal area. 
3. Haul. eoil to diepoeal. ELrea 
4. Dllmp son 
5. :teturn to lo8d.1ng area 
6. Maneuver to excavate, load, or 

dump soil 
7. 1'k,ve ahead to nev work area 

B. Supporting work 1 teJDB : 
1. FJ.as or direct public traffic 
2, other 

C. Del.aye - wait on cyclic 'WOrlc item: 
l . Wait on load, haul or dump soil 
2. other 

D, Del.aye - other : 
1, Instructions 
2. Inspection of wrk or vorksi te 
3, other 

'lbtal. - worksi te 

~ 

E. Travel to, 1'tom, or between worksites 
F. SUpporting work i tam.a 
G, Delay-a 
H, Non-supporting wrk items and delays 

Total - other 

TOTAL 

'n>tal 'Wt>rk items on assigned operation 
(A+ B + E + F) 

y Based on soil excavated. 

TABill 136 

Percent 
of NAWT 

8 
3 
3 
l 
3 

4 
..l 

25 

8 
..2 

13 

20 
2 

-22 

4 
3 

10 

!1 
77 

15 
l 
6 

....! 
gJ_ 

100 

54 

Perf'onmnce 
(Avg per hour) 

32.5 cu yd 

86.2 cu yd 
270.2 cu yd 
99.3 cu yd 

10.5 cu yd'}) 

3.4 cu yd'}) 

2.6 cu yd'}) 

CIEAN OR REPAIR UNPAVED DRA:CNAGE DITCHES -
nISTRIBIJTION OF 39 HOUR', NAWT FOR nRAr.r:mm As.qJr.!00) 'TO CIEAN nITCHE.S 

IDce.tion SDd item 

~ 

A. Cyclic work items: 
l. Excavate end load soil 
2. Shape ditch 
3. lbnal.lvar to oxc\\vnto 
1'. lt>ve ahead to nev voril area 

B, Supporting work items 
C, Delays - wait on cyclic work item: 

1. Wait on haul end dump soil 
2, other 

D. Dela.ys - other 

Total - workeite 

E,.T:nl.vel to, from, or between wrksitee 
F. Supporting wz:k items 
o. Deloye 
H. Non-supporting wrk items and delays 

Tota.J.- other 

TOTAL 

'l'>tal l.'Ork 1 tems on assigned opention 
(A+ B + E + F) 

!J O. 5 percent or lees. 

Percent Pertoimance 
of NAWT (Avg per hour) 

4o 32.8 cu yd 
3 
4 

..l (13 mph) 

5G 23.9 cu yd 
5 

5 
-1 

8 

!I 
8o 15.1 cu yd 

8 (26 mph) 
l 

11 
y 

20 

100 

64 

TABLE 135 
CLEAN OR REPAIR UNPAVED DRAINAGE DITCHES -

DISTRIBUTION OF 78 HOUl'8 NA'WT FOR HAULING TRUCKS 
ASSIGNED TO CLEAN DITCHES 

I.ocation and item 

~ 

A. C~lic work items: 
l, load soil 

2. Raul soil to disposal. area 

3. Dump eoU 

4. le turn to loading area 

5 • .Y.u..-w1,1.vcr l.o loo.A or du::1p 
6. lib'l'I! 6baNl to 'l'lltV work- ,uoa 

B. Supporting work 1 tame 
c. Delays - wit on cyclic work item: 

1, Wait on other truck load soil 
2, other 

D. Delaye - other 

Total - worksi te 

E. Travel to, :rrcm, or between wrksites 
f, Supporting 'Work i teme 
0. Delays 
H, Non-supporting work items and del.ays 

'I\::ltal - other 

TOTAL 

Total. work items on assigned operation 
(A+ B + E + F) 

!/_ Boan on oo:u. - Md """-'""· !J O. 5 percent or leas . 

TABill 137 

Percent 
of HA.WT 

20 

7 

2 

7 

8 
2 

46 
4 

8 

..l 
11 

~ 
79 

13 
l 
7 y 

3 
100 

64 

Performance 
(Avg per hour) 

31.4 cu yd 

86.2 cu yd 
(24 mph) 

270.1 cu yd'}) 

99.3 cu yd 
(23 mph) '}) 

(15 mph) 

13.8 cu yd y 

8.1 cu yd'}) 

(39 mph) 

CIEAN GR Rl!PAIR UNPAVED DRAINAGE DI'roHES -
DIBTRIBUTION OP 39 HOURl RAWT FOR 'l'IWISPORn\TIOII TRUCKS 

AND PICKUPS ASSICINl!D TO CIEAN Dli~!IES 

In cation and 1 te.m 

~ 

A. Cyclic iron< items: 
1. Move ahead to nev work area 

B. llupport1Jls 110t1t 1 t.cm 
C. Delaya - wait on cyclic work 1 tem 
D. Delaya - other 

1. Parlted Wile man work 
2. other 

Total - 'WOrkei te 

~ 

E. Travel to, i'rall., or between worksitee 
F. Supporting won< items 
o. Delay-a 
B, Non-supporting work items and de).ays 

'11:>tal - otller 

TOTAL 

Total wrlt items on assigned operation 
(A+ B + E + F) 

y 0 • .5 po:rattnt or .lc■o 

Percent Performance 
of NAWT (Avg per hour) 

(16 mph) 

57 
6 

-65 
73 

21 (44 mph) 
y 
5 

....! 
!I 

100 

29 
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( l) Mow roadsides with tractors • This operation accounted .for 6. 0 per
cent of labor TAWT in the three-county control area during the study year. 
During the mowing season from May to October, it was the most prominent 
operation. Grassed right-of-way areas on all road sections were normally 
mowed once each year. Some areas were mowed a second time in years when 
vegetation growth was usually rapid. However, crews did not attempt to 
mow areas which were wet, steep, or badly eroded since tractors could not 
be operated safely. It was estimated that 75 percent of all right-of-way 
areas in the three-county control area were mowed l or 2 times during the 
study year. Grassed shoulders on all roadway sections were mowed from 
l to 4 times each year depending upon the rate of vegetation growth and 
other factors. Main routes generally received the most attention. 

Only two types of equipment units were utilized on this operation during 
the study period. 'Ille machine used most frequently was a light farm trac
tor with a 5- or 6-foot sickle bar mower mounted immediately in front of 
the right rear wheel. 'Ille other type of machine was a medium farm tractor 
with a 5-foot rotary mower underslung between its axles. The sickle bar 
uni ts were ordinarily used for mowing irregular ground, cut slopes and fill 
slopes; the rotary units mowed shoulders and other relatively smooth ground. 

Crews assigned to this operation varied considerably in size. Practi
cally all shoulder mowing was 
done by crews consisting of 

Figure 29. Tractor with 6 1 sickle bar 
mower cutting high weeds on ROW. 

Figure 30. Tractor with 5' rotary mower 
cutting weeds on shoulder. 

one man and a rotary mower. 
Occasionally shoulders were 
mowed by two-man crews 
equipped with two rotary mowers 
or one rotary and one sickle 
bar mower. Crews which mowed 
right-of-way areas usually 
consisted of 2 or 3 men, but 
crews of 4 to 7 men were not 
uncommon. Each man in the 
right-of-way crews normally 
utilized a sickle bar mower. 
If worksite conditions were 
favorable, one man sometimes 
had a rotary mower. Some 
right-of-way crews had a truck 
or pickup for transportation. 
Others were transported to and 
from worksi tes by foremen, 
mechanics or other operators. 
A few right-of-way crews and 
most shoulder crews drove 
their tractors to and from 
worksites. 

Two passes were generally 
required to mow each shoulder, 
The first pass was made adja
cent to the pavement edge in 
the direction of traffic. 
Obstructions, such as flumes 
or posts, were avoided by swing
ing the tractor out on the 
pavement without stopping. 
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The secon~ pass was usually made after the first pass had been completed 
on both sides of a road over a work area which was 1 to 10 miles long. 
It was accomplished in a manner similar to the first pass but at a slower 
rate since there were more obstructions, heavier vegetation, and some
times, rough or inclined footing. Occasionally, shoulder crews inter
rupted a pass to mow flat areas on the right-of-way. 

Crews mowing rights-of-way generally divided road sections into work 
areas ranging from a few hundred feet to a mile in length on one side of 
the road. Each area was completed before the crew moved ahead or across 
the road. The first pass was usually made along the bottom of drainage 
ditches in the direction of traffic. Additional passes were made in both 
directions to cover ditches, foreslopes, backslopes, and natural ground. 
Tractors were not operated over uncut vegetation unless absolutely neces
sary since it made mowing more difficult. Usually, men did not make any 
attempt to mow areas which past experience had indicated were too wet, 
rough or steep for safe operations. Mowing rates were quite variable de
pending on type of vegetation, condition of ground, steepness of slopes, 
maneuvers required and number of uni ts working in an area. 

Crews did not always put up warning signs while engaged in mowing oper
ations. However, all tractors working on shoulders and some tractors work
ing on right-of-way areas had a warning flag mounted on a long pole. 

A large number of production studies were conducted on this operation. 
Study data indicated that there was a substantial difference between the 
time utilization of shoulder and right-of-way mowing crews. The data also 
provided information on how production is influenced by working conditions 
and crew sizes. The following table presents production rates for selected 
conditions. 

conditions . 
TABLE 138. PRODUCTION RATES FOR MOWING ROADSIDES 

lDcation and Number and type Average acres Average acres per 
condition of of mowers in per hour of hour of tractor 
worksites crew tractor NAWT worksite NAWT 

Right-of-way: 
Dry and level 2 sickle bar 0.95 1.12 
Dry and level 3-7 sickle bar 0. 69 0 .89 
Wet or rough 2 sickle bar 0.56 o.66 
Wet or rough 3-7 sickle bar 0.51 0 .65 
IDng work areas 2 sickle bar 1.64 1.89 
Short work areas 2 sickle bar o.84 1.03 

Shoulder: 
All types 1 sickle bar 1.16 1.44 
All types 1 rotary 1.83 2.28 

This table indicates that rotary mowers were, on the average, much more 
productive than sickle bar mowers for shoulder work. It also demonstrates 
that average production per tractor declines as crew size increases. The 
comparison of production rates for long and short work areas indicates that 
average production is higher in long areas. However, no allowance was made 
for roughness of terrain or irregularity of right-of-way widths which may 
have influenced the lengths of work areas. The accomplishment of rotary 
mowers working on extensive right-of-way areas could not be determined with 
accuracy from available study data. It would appear that this type of unit 
could be used to advantage in many situations such as cutting ditch bottoms. 
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In late 1960, the State acquired a new type of rotary mower. This unit 
had three overlapping rotary sections mounted on a trailer and operated 
by a tractor power takeoff. A hydraulic suspension system permitted the 
two end sections to be raised to clear obstructions or lowered to conform 
to ground contour. Short studies indicated that this unit can mow 3 to 6 
acres per hour of tractor worksite NAWT under reasonably favorable con
ditions. There appears to be a real need for this type of unit in many 
areas, particularly those which have interstate mileage. A need may also 
exist in almost all locations for a 10-foot rotary mower or a combination 
of a 5-foot rotary mower and a 5- or 6-foot sickle bar mower. 

Figure 31. Tractor with 15' rotary mower cutting grass on ROW. 

TABLE 139 

MOW ROADSIDES WITH TRACTORS -

DISTRIImION OF 613 HOURS NAwr FOR MEN ASSIGNED TO 
MOW WITH TRACTOR SICKLE BAR MOWERS 

location and item 

~ 
A. Cyclic wrk items: 

l. Mov roadside with tractor 
2 . Jlaneuver to mow 
3. M:>ve ahead to nev work area 

B, Supporting wrk items 
c. Delays - wait on cyclic -work item 
D, Delays - other 

Toto.J. - worksite 

~ 
E, Travel to, t'romJ or bet'Ween 'WOrksitea 
F. Supporting wrk items 
G. Delays 
H. Non-supporting wrk items and delays 

'l'ot&l - other 

TOTAL 

Total. work items on assigned operation 
(A+ B + E + F) 

Y 0.5 percent or leas. 

Percent Per1'ormance 
of NAWI' (Avg per hour) 

52 1.46 acres 
6 
3 

- 61 1,25 acres 
2 
!) 

1?. 
78 0,98 acres 

12 
2 
8 
y 

22 

100 O. 76 acres 

77 

TABLE 14o 

MOW ROAIBIDES WITH TRACTORS -

DISTRI.BtlrION OF 591 HOURS NAwr FOR TRACTOR SICKLE BAR MOWERS 
ASSIGNED TO THE OPERATION 

Location and item 

~ 
A. Cyclic wrk 1 tems : 

1. Mow roadside 
2. Maneuver to mow 
3. Move ahead to new wrk area 

B, Supporting wrk items 
C, Delays - wit on cyclic wrk items 
D, Delays - other 

Total - wrksite 

~ 
E. Travel to, f'romJ or bet,.reen wrksitea 
F. Supporting wrk items 
G. Delays: 

1. We.it on men and other units of equip
ment engaged in preparation, 
ehutdovn, or travel 

2, other 

Total - other 

TOTAL 

Total 'WOrk ite:na on assigned operation 
(A+ B + E + F) 

Y 0.5 percent or leas, 

Percent Perform.a.nee 
of' NA.WI' (Avg per hour) 

5~ 1,46 a.cree 
6 
3 (6 mph) 

- 63 1.26 acres 
1 
!) 

!2... 
79 1,00 acres 

5 (13 mph) 
1 

10 

~ 
1?. 

21 

100 

70 



'MllIE 141 'MllIE 142 

MOW ROAD6IJJES WITH TRACTORS -

DIB'l'RJ:llillION OF 131 HOURS NA\lr FOR MEN ASSIGNED TO 
MOW WITH TRACTOR RorARY MOWERS 

MOW ROAD6IIES WITH TRACTORS -

DlSTRID1l'ION OF l.27 HOURS NA\lr FOR TRACTOR ROTARY MOWERS 
ASSIGNED TO TIIE OI'ERA!rION 

IDcation and item Percent 
of NAwr 

~ 
A. Cyclic wrk ita:ns: 

1. 'f,t)v shoulder with tractor 64 
2. Mew other area with tractor 3 
3. Maneuver to mow l 
4. Move ahead to new wrk area. _g_ 

70 
B. Supporting work items l 
C. Delays - we.it on cyclic wrk items 
D. Delays - other 

y 
...1. 

Total - worksite 78 

Performance 
(Avg per hour) 

2.72 acres 
0.87 acres 

2.53 acres 

2.27 acres 

LJcation end i tE!ID. 

Workeite 

A. Cycl.ic work ite:ns: 
l. li>w ohoulder 
2 . Kovotho.ra.rea 
3. Maneuver to mow 
4. lobve a.bca.4 to DOV "'Ul'k ,lll"CI!, 

B. Bupporl;ing wrk items 
c. DeJ.ays - w.it on cyclic work items 
D, Delays - other 

Total - wrksite 

other 

E. Travel to, from, or between workeitee 13 
E. Travel to, from, or between wrksites 
F. Supporting wrk itEmlB 
o. Delays: F. Supporting work items 2 

G. Del.a.ya 7 
H. Non-e~ortins wrk items and delays y 1. Wait on men and other equipment 

1.lllite engaged in prepa.ra.tion, 
shutdown, or travel Tote.l - other 

TOO'AL 

ll!otol. w:r.£: 1tll!!!:II.D on assigned operation 
(A+ l) + E + F) 

Y O. 5 percent or less. 

22 

100 1.77 acres 

86 

2. other 

H, Non-supporting work items and delays 
Total - other 

TOO'AL 

Total wrk items on assigned operation 
(A+ B + E + F) 

Y 0.5 percent or leas. 

TAmE 143 

MOW ROAD6IDES WITH TMCTORS -

DISTRIB!JrION OF 139 ff<AAIS NA\lr fQR TRl<IISl'ORl'AU<J!T ,:rnucKB AND PICKUPS 
AS8IGNED TO ~Ill! 0l'EM:rl0:I '/:J 

:Wcation and item 

~ 
A. Cyclic work items: 

l. Move ahead to new wrk area 
B. Supporting work items 
C, Delays - wait on cyclic wrk item 
D. Delays - other: 

l. Parked 'While men work 
2. other 

Total - wrksite 

~ 
E. Travel to, from, or between workeites 
F, Supporting work items 
G, .Dela.ya 
H, Non-supporting work items and delays 

Total - other 

TOO'AL 

Total wrk items on a.esigned operation 
(A+ B + E + F) 

Percent 
of NA.WI' 

21 
2 

10 
y 

.Jl 
100 

24 

Performance 
(Avg per hour) 

(10 mph) 

(36 mph) 

!,/ 131 hours of this time we.a chargeable to crews utilizing sickle oo.r 
mowers. 

y 0,5 percent or less, 

Percent Performance 
of NAWI' (Avg per hour) 

66 2.72 acres 
3 0.87 acre 
l 
2 (6 mph) 

72 2.53 acres 
l 
y 

...1. 
8o 2.26 acres 

5 (13 mph) 
l 

B 
..2. 

13 
...! 

_g£ 

100 

79 
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(m) Remove snow from roadway surfaces and shoulders. Labor time ex
pended on this operation was 13.0 percent of TAWT in the three-county control 
area. By definition, time was charged only when maintenance crews were pri
marily engaged in plowing loose or lightly packed snow from roadway surfaces 
and shoulders. Time was not charged to this operation when crews plowed 
snow incidental to sanding and salting runs, shoveled snow from bridges, or 
removed hard packed snow from surfaces and shoulders. The latter type of 
work was not charged since it was considered to be removing ice. 

Weather records indicate that l5 separate snow storms occurred during 
the winter of 1959-60. Snowfall in the three-county control area totaled 
about 55 inches which was well above the long-term average. About two
thirds of this occurred during six important storms. However, total snow
fall does not necessarily eq_ual the amount of snow which must be removed 
from roadway surfaces and shoulders. When ground temperatures are above 

Figure 32. Light duty truck with one-way 
plow plowing shoulder. 

,.... 

Figure 33, Motorgrader with Vee plow 
plowing drift on roadway surface, 

32° F., some snow melts as 
soon as it falls; more is 
melted if surfaces are salted; 
and a large percentage is 
blown off surfaces and shoul
ders by traffic action or wind. 
On the other hand, wind may 
deposit a considerable amount 
of snow on roadway surfaces 
and shoulders even when none 
is falling. Thus, it is very 
difficult to measure the q_uan
tity of snow to be removed 
from any given road network 
during one storm or an entire 
season. It might be expected 
that there would be a correla
tion between snow quantities 
and effort expended on this 
operation by maintenance crews. 
However, study records for the 
three-county control area in
dicate that effort expended per 
day during storm periods was 
about the same regardless of 
total snowfall, rate of snow
fall, temperature and wind. 
The study records also showed 
that there was very little 
difference in total effort ex
pended on different road 
sections although sections on 
main routes did receive first 
priority. 

Maintenance crews utilized 
a wide variety of equipment 
for this operation. The basic 
unit was a light duty truck 
equipped with a straight plow 
or reversible straight plow. 
Vee plows were also available 
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for most light duty trucks but were rarely used. Each county had from 1 
to 3 medium or heavy duty trucks eq_uipped with four-wheel drive, underbody 
blade, straight plow, Vee plow, and a side-mounted wing plow. Each county 
had one medium or heavy duty motorgrader eq_uipped with an ice blade, Vee 
plow and side-mounted wing plow. A few counties also had a light duty 
motorgrader eq_uipped for snow removal. Heavy duty trucks eq_uipped with four 
wheel drive and rotary snowplows were not available on a continuous basis. 
They were stationed at strategic locations around the State and moved into 
a county only when needed. 

Usually a few men were assigned to snow removal as soon as there was a 
visible accumulation of snow on roadway surfaces. If snow continued to 
collect, the crew was enlarged by transferring additional men from other 
operations such as sanding and salting. At night, men were kept on duty 
after regular shift hours or called in from home. Ll.ght, medium and heavy 
duty trucks eq_uipped with straight plows were soon making regular runs over 
most road sections. The general objective was to remove snow as fast as it 
accumulated in order to prevent packing by traffic. Short storms presented 
few problems unless there was enough wind to cause drifting. During major 
storms crews usually encountered a number of problems. Snow accumulated on 
surfaces and was packed by traffic. Plowing built up high windrows on 
shoulders. Strong winds caused severe drifting. The high shoulder wind
rows were particularly troublesome because they trapped blowing snow and 
thus intensified drifting. When possible, medium duty trucks, heavy duty 
trucks, and motorgraders were sent out to push back and level these wind
rows with Vee and/or wing plows. If this was prevented by poor visibility 
or other adverse conditions, the larger units concentrated on drift removal. 
Ll.ght duty trucks eq_uipped with Vee plows were also assigned to windrow and 
drift removal but were not always able to handle the work. During a few 
of the most severe stonns, visibility became so poor due to darkness and 
blowing snow that it was necessary for crews to suspend operations. Most 
road sections were given a final coverage just prior to shutting down in 
order to clear the way for any remaining traffic • Crews returned to work 
when conditions improved. They first opened up blocked road sections and 
then resumed normal work patterns. 

Most crews began cleanup as soon as it was apparent that storms were 
dying down. First priority was given to opening any blocked road sections 
and removing loose snow from the entire width of roadway surfaces. Crews 
then concentrated on clearing shoulders to prevent further drifting and to 
provide storage space in the event of another storm. Crews were gradually 
reduced in size during this phase as men were sent home for rest or trans
ferred to other operations such as removing ice. All types of eq_uipment 
were used for cleanup. The bulk of surface plowing was handled by light 
duty trucks eq_uipped with straight plows. Drifts and shoulder windrows 
were plowed or leveled by medium duty trucks, heavy duty trucks and motor
graders using Vee plows and/ or wing plows . A light duty truck often 
worked with each of the larger units to remove any loose snow which got 
on roadway surfaces. Sometimes heavy duty trucks eq_uipped with rotary 
plows were brought into a county to remove exceptionally deep shouJ.der 
windrows or drifts. Generally one or two light duty trucks worked in con
junction with these rotaries. 

Snow removal was also req_uired on many days when it was not actually 
snowing. Usually it involved pushing back or leveling small drifts 
caused by high winds. These drifts were not numerous and conseq_uently 
only a small portion of the time crews were out on the road was actually 
spent removing snow. Ll.ght duty trucks eq_uipped with straight plows 



Figure 34. Heavy duty truck with rotary 
plow removing drii't on road-way surface. 
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handled almost all of this 
work. 

Production studied indic
ated that this operation was 
relatively efficient. How
ever, many crews equipped with 
trucks consisted of two men. 
The second man did not perform 
any significant work. Unless 
these crews were using wing or 
rotary plows, many of these 
second men, in effect, lost a 
considerable amount of time 
riding during travel and 
plowing. The average accom
plishment per man cruld be 
substantially increased if all 
truck equipped crews consisted 
of one man except when using 
wing or rotary plows. How
ever, safety may be an over
riding consideration on use 
of one-man crews until two
way radio becomes available. 

REMOVE SNOW FROM ROADWAY SURF= AND SIIOUIDERS -
DISTRIBUTION OF 58o HOURS NAWT FOR MEN ASSIGNED TO THE OPERATION 

location and 1 tem. 

~ 
A. Cyclic wrk 1 tem.: 

1. Plow with one-wy plow 
2. PJ.ov 111 th "1n$ bW!o y 
3 . Plov 111th urulorl>od¥ blo& !/ 
4. Plov vith veo plov !f 
5. Pl.o" vi th roto.ry plow 
6. Pl.o• vi th cocbinntion or pl.ova end 

bl.<idaa y 
7. Pl.<iv vit.h ono-vo.y plov cul(! ol>Gd or 

Bnlt 'sf 
8. Mt>ne"""r to ;plov y 
9. •1o-,., ohen.d to nav wt1< D.Nn 1,/ 

B. Supporting work items: 
l. Ride wile plowing 
2. Other 

C. Delaye - wait on cyclic work items 
D. Dela.ye - other 

Total - -..orksi te 

~ 
E. Travel to, from, or between worksites 
F. Supporting 'W<>rk items 
Cf. Del.aye 
H. Non-eupporting work items end del.aye 

Total - other 

TOTAL 

Tot.ol. '1.'\"lrk on assigned operation 
(A+ ll + E + F) 

Percent Perfonnance 
of' NAWT ( Avg per bour) 

34 19. 5 pase-mi 
4 7 ,9 pBSe-mi 
l 10,3 peee-mi 
2 9.7 paee-mi 
2 2,36o cu yd 

11,4 pees-mi 

1 F"2. 4 paee-mi 
2 
~ 

15.2 pase-mi ]/ 55 

ll 

..l 
14 

l 
..§. 

76 10. 5 paes-mi g/ 

6 
5 

10 
...l 

_gg_ 

100 8,1 peee-mi g/ 

8o 

Y. lloth tnullu, nnd motorgrooore von, u•nd ror plolliJ\e. 
'Y. Trucks only. 
j/ Time and accompllabment for rotary plmm were excluded when 

computing avere.ge rates. Based on miles plowed. 
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REMOVE SN0\1 FROM roADWAY BUHF.IOES AND SSOUIDElll -

DISTRIBU'l'ION OF 2T7 HOUR!! IIAWJ! FOR LIGHT DUTY .TIUCX!l 
ASSIGNED TO fflE Cll'ZIIA'l'IO!I 

IDCation and item 

~ 

A. C,,,lio won. items : 
L Plov with one-way p.lov 
2 . Plow with Vee plow 
3. P1ow with one-va;r plow and sand 

or salt 
4. Maneuwr to plow 
5. Move ahead to new "WOlX. area 

B. Supporting vork items 
c. Delays - ..nut 011 cyclic work items 
D. DelAye - other 

Total - work11ite 

E. Travel to, from, or between irorksi tea 
P', Supporting ,roli< items 
o. Delay,, 
H. Non-supporting vork. items e.nd delays 

Total. - other 

IJbtaJ. work 1 teme on assigned operation 
(A+ B + E + F) 

1/ 0 . 5 pari:"at or .loH , 
Y 0....4 on milee plowed. 

TABIE 147 

~rcent Perfonnance 
of NAWT (Avg per hour) 

58 19 .e pe.ea-mi 
l 18.3 pase-mi 

y 12.8 pass-mi 
3 
6 (24 a,pb) 

-68 17.2 p .. e-mi y 
2 
2 

J. 
79 14.8 paee-mi y 

6 

" 
(24111ph) 

ll 
y 
~ 

100 

80 

REMJVE SNOW FROM ROADWAY SlrnFACES AND SROUIDEFlS -
DISTRillUTIOll OF 23 HOIJRS IIAWT FOR HEAVY DUTY TRJCKS EQUIPPl!D 

WITH ROTARr PIDIIE ASSIGNED TO fflE OPERATION 

IDcatton e.nd 1 tam 

~ 

A. Cyclic 'WOrk ite.ms: 
l.. Plow with rotary plow 
2. Merieuver to ploll 
3. r.t,ve aheed to new vork area 

B. Supporting work 1 tems 
C • Del.aye - wait on cyclic work item 
D. Del.aye - other 

Total - works1 te 

~ 

E. Travel. to, fnm, or betwen work.sites 
F. Supporting worlr. items 
G. Delay,, 

TotllJ. - other 

TOTAL 

Total work items on aee1goed operation 
(A+ E + E + F) 

l / 1'00:tt"d on lno\l N!'IIOVll!4 , 
1!} 0.5 percent or less, 

Percent 
of' NAWT 

•9 
3 

10 
-62 

l 

1 
71 

15 
3 

g 
~ 

100 

81 

Pertonnance 
( Avg per hour) 

2,36o OU yd 

(18 mph) 
1,880 cu yd!, 

1,630 cu yd !, 

( 27 111ph) 

TABIE 146 

l!llWJ\IE SN0\1 FROM OOADIIAY SURFACES AND SROUIDEFlS -
DISTRIBlll.'[ON OF u8 HOUI\S l!AII'!' FOil MKIIIIJII AllD lll!AVY DUTY 'P.IUCKB 

ASBIO!li!D '1D nm Ol'IIDA'l'IOll 

IDcation end 1 tem 

A. C,,,lic wli< items: 
L Plow lf'ith one-way p.lov 
2. Plow "1th wing blade 
3. Plov w1 th underbody blade 
4. PJ.ow w1 th Vee plow 
5. Plov oambination of plowe end blAdee 
6. Plow with one-wy- bJ.ade e.nd sand 

or salt 
7. Maneuver to plow 
8. Move ahead to nev work area 

B. Bu;pportillg woffl. 1 tems 
c. Del.ayB - mu t on cyclic work items 
D, DelAya - other 

Tatel - vorkeite 

~ 

E. Travel. to, from, or between worltaitee 
? • Supporting wozk 1 teme 
G. Delay,, 
H. Non-supporting work 1tema and delays 

Tote.l. - other 

TOTAL 

'lt>tal work items on asa1gned operation 
(A+ B + E + F) 

y BAIied on mu.ea pia...4. 

TABIE 1"8 

Percent Perfo:nnance 
of NAWT ( Avg per hour) 

26 19. 4 -•-mi 
9 ll.2 pase-mi 
4 16 ,4 paeo-mi 
5 9 .9 -•-mi 

ll 12.9 paea-mi 

3 20.4 paee-mi 
2 

_J_ 67 
(22 tlllh) 
13.9 -•-mi y 

3 

..2 
79 ll ,8 pase-mi y 

5 (25 111ph) 
6 
9 

....! 
21 

100 

81 

REIVVE SNOW FROM roADWAY SlrnFACES AND SROIJil)EflS -
DISTRIBlll.'[ON OF 45 HOURS NAWT FOR MO'K>ltlll/lllBro 

ASSIGNED TO THE OPERA'l'ION 

location and item 

~ 

A. Cyclic wrk items: 
1, Plow with ~1.ng blade 
2. Plow \11th underOOdy blade 
3. Plow "1th Vee plow 
4. Plow with comb1nat1on of plow e.nd 

bladee 
5. Maneuver to pl.ow 
6. ltive ehee.d to new work area 

B. Supporting work 1 tems 
C. Delays - wei t on cyclic work 1 tem 
D. Del.aye - other 

Total - worksi te 

~ 

E. Travel to, from, or between workeites 
F. Supporting work 1 teme 
o. Delay,, 
H. Non-euppcrttng work items and d&l.a.ye 

Total - other 

Total work items on ase1gned operation. 
(A+ B + E + F) 

U 1'4n0d OD 111.loa pl.owd, 
y 0,5 percent or lees. 

Percent Performance 
of' NAWT (Avg per hour) 

28 5.9 pase-mi 
3 4.o paee-mi 
6 1.4 pase-mi 

6 5.4 pass-mi 
13 

5 
-61 

7 
3 .6 paee-mi y 

..J.. 
75 2.9 paee-mi y 

ll (ll mph) 
3 

ll 
?I 

32 
100 

82 
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(n) Erect snowfences . I.a.bar time expended on this operation was 2.9 
percent of TAWT in the three-county control area. During the months of 
October and November, it was the most prominent type of work underway. 
Some snowfence was erected on almost all road subsections. The amount 
varied considerably from subsection to subsection depending upon such fac
tors as roadside development, obstructions on the right-of-way or adjacent 
property, terrain, right-of-way width, roadway cross section design, and 
direction of prevailing winds • The two most important factors appeared to 
be roadside development and roadway design. The extent of roadside develop
ment was usually best indicated by whether the subsection was located in a 
rural or urban area; the type of cross section design by the period during 
which the road subsection was originally constructed. 'Ille following table 
shows the average amount of snowfence erected on control area road sub
sections classified by location and period of original construction. 

TABIE 149 
SNOWFENCE QUANTITIES ON ROAD SUBSECTIONS IN THREE-COUNTY CONTROL AREA 

Rural 
" 
II 

Urban 
" 
II 

Location 

All rural and urban 

Period of original 
construction 

1926-45 
1946-59 
1926-59 
1926-45 
1946-59 
1926-59 
1926-59 

Average length of snow
fence (lineal ft/mile) 

795 
110 
500 
175 

25 
105 
470 

The exact location and the length of snowfence installations were nor
mally determined by past experience with drifting snow. Sometimes, a 
special survey was made during the winter to check on the need for addi
tional installations. Whenever possible, fence was erected approximately 
100 feet away from roadway shoulders to allow room for formation of drifts. 
Thus, most installations were located on private property. Landowners 
were contacted each year before crews began work. Sometimes this contact 
was made by foremen; sometimes by members of the crew which drove fence 
posts. Often landowners could not be located innnediately or would not 
permit crews to enter their property until crops had been harvested. When 
this happened, crews had to make several trips to a road section in order 
to complete snowfence erection. At other times, landowners granted per
mission to erect fence but would not allow the use of trucks on their 
property. This meant that crews had to perform the entire operation by 
hand. 

Snowfence erection was normally divided into three steps, each handled 
by separate crews . The first step involved loading, hauling, and driving 
fence posts. It was almost always performed by crews consisting of two 
men and a truck equipped with a power post driver. Posts were obtained 
from stockpiles located at garages. At work areas, one man paced off the 
location of each post, unloaded posts, and positioned them in the post 
driver. The second man moved the truck ahead and operated the post 
driver. At a few locations, trucks could not enter private property. 
Posts were unloaded on the right-of-way, carried to work areas and driven 
by hand. 



Figure 35. Driving snow fence post with power driver. 

The second step encompassed loading, hauling, and unloading rolls of 
snowfence. Usually, it -was done by crews consisting of 2 or 3 men and 
1 truck. Rolls were obtained from stockpiles located at the garage and 
several other points around a county. Whenever possible, they were hauled 
onto private property and unloaded at the locations where fence was to be 
erected. One man drove while the other man or men pushed rolls off the 
back of the truck. When trucks could not enter private property, rolls 
were unloaded on the right-of-way and carried to fence locations. 

The third step involved unrolling, positioning and tying fence. Crews 
performing this step consisted of 3 to 5 men and 1 or 2 trucks. Often, 
they parked their trucks on roadway shoulders and walked to work areas. 
Usually, 1 or 2 men unrolled and tied fence sections together while the 
other 2 or 3 men positioned fence on posts and tied it in place. If addi
tional fence or end brace posts were needed, this crew drove them by hand. 

Figure 36. Erecting snow fence. 
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In some counties, the second and third steps of the operation were com
monly combined and performed by a crew consisting of 3 to 7 men and l to 3 
trucks. A few cases were also observed where all three steps were com
bined and performed by crews of 7 or 8 men. These large crews generally 
used about the same procedures as the small independent crews but men fre
q_uently switched from one task to another during the day. 

A substantial number of production studies were conducted on this opera
tion. Some of the crews studied performed only one of the three steps; 
others performed two at the same time. Data for crews engaged in hauling 
and driving posts (step 1) have been shown separately in the following 
tables. Data for crews engaged in loading, hauling, unloading, and erecting 
fence rolls (steps 2 and 3) have been grouped for crews which performed the 
work in two steps in order that they may be compared with crews which per
formed the two steps at the same time. Most of the crews studied spent a 
high proportion of their time in travel. Part of this was due to the skip
ping around which occurred when they did not have permission to enter some 
private property immediately. The remainder was attributable to time spent 
in travel by men other than truck drivers. An analysis of study data in
dicated that, under existing conditions, small crews would be most efficient. 
The first step should be done by crews of two men and one truck. For max
imum efficiency, steps two and three should be combined and performed by 
crews of two men and one truck. However, it is recognized that conditions 
sometimes make it necessary to perform the second and third steps separately. 
If so, step two should be done by crews of two men and two trucks and step 
three by crews of two men and one truck. 

TABIE 150 

ERECT SHOW FENCF.s -

DISTRIJ!UTION OF 61 HOUBS NAWT FOR MEN ASSIGNED TO 
HAUL AND DRIVE FENCE POSTS AT SAME TIME 

IDCation a.nd item 

~ 

A. Cyclic work 1 tems: 
i., Un1oed1 position and drive posts 

w1 th power driver 
2. Walk ebead to next post 
3. M:,ve ebead to next post 

B, Support~ wrk items: 
1 , Maneuver 
2 . other 

C. Delays - w.:1. t on eye Uc work item 
D, Dellays - other: 

1.. Obtain permiesion from landowner 
to erect fence 

2. Open or close fann e;e.tes 
3, Other 

Total - worksi te 

OLbor 

e. 'l.'1'8VDl to, f'ND, or bot~ vorkeites 
(intludiug haul 11114 rotum) 

I!, Support1D8 ,,.nlc 1tollul 
o.~ 11: 1"'8-oupl)Orting "<>11< 1to,u Md delaye 

Total - other 

Toto.l -wrk items on assigned operation 
(A+ B + E + F) 

l/ Ba.ue4 on post■ drive~ . 
Y O. 5 percent or leBB. 

Percent 
of NA'W'I 

15 
5 

..2 
25 

10 
..! 

11 
3 

7 
3 
2. 

!1 
54 

31 
7 
8 

_;/ 
!!£ 

100 

74 

Pertonnance 
(Avg per hour) 

1.62 poate 

96 posts!/ 

45 posts !/ 

24 posts !J 

TABIE 151 
ERECT SNOII FENCES -

DISTIU1lUTION OF 31 BOOBS Hf,WT FOR TR\JCKB ASSIGNED TO 
HAUL AND DRIVE POOIB AT SAME TIME 

IDCation and item 

~ 

A, Cy-clic work items: 
l, Drive posts with powr driver"!/ 
2. Move a.head to next post 

B. Supporting work 1 tems: 
1. Msneuver 
2. Other 

c. Del.aye - we.it on cyclic work item 
D. Delays - other: 

1. Obtain le.ndovnar' e permiaeion to 
erect fence 

2. Other 

Total - wrtBi te 

~ 

E. 'l"fflvlo to, from, or beMeo work.Bites 
( :l.llcluding haul And ""turn) 

I'. Supporting 11011< 1 tams 
Q. Delaye 
H. Non-supporting work items and delaya 

Total - other 

TOTAL 

Tot&l \tOrk items on aas1sned opel'llt1on 
(A+ B + E + F) 

Percent 
of NAWT 

Performance 
(Avg per hour) 

15 394 posts 
10 
- 25 212 poats g/ 

11 
2 

8 
..2 

13 
3 

!J. 
54 90 posts y 

32 (27 mph) 
7 
7 

.11 
~ 
100 

77 

y _ 0pe·ratoa by truck noilt. or n ·pa.n.tc l)OYll.r aource. 
2/ Based on posts driven. 
i/ 0, 5 perceM or leaa. 
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ERECT SNOW FENCES -

DISTRil!UTION OF 142 HOOPS NAIIT FOR MEN ASSIGNED ro 
HAUL AND ERECT FENCE OOLill AT SAME TIME 

location and item 

~ 

A. Cyclic w:rk: items: 
l. Untie or unroll :f'ence rolle 
2. Tie fence sections together 
3. Poei tion fence on poets 
4. Tie fence to poets 
5. Drl ve paste by band ( extra or end 

l>l1M:e) 
6. Walk ahead to new work area 
7. Move ahead to new work area 

B, Supporting wrk items 
c. DelAye - we.it on cyclic vork item 
D, Del.e.yB - other 

Total - wrke1 te 

~ 

E. Travel to, rroa.J or beitw,en wrkeitee 
( incl~ll.l.ns haul and mw.m) 

F. Supportillg worlt 1 tems 
G, Del.aye 
H. Non- supporting w:rit items and dale.ye 

i'otal - other 

Total. work 1 tems on assigned operation 
(A+ B + E + F) 

y Ucu.ed on nmcio ,iv..,.u e~ted. 

Percent 
of NAWT 

8 
l 
4 

10 

l 
5 

____!c 
30 
lo 

l 

...2 
54 

27 
8 

10 

.le 
...."2 
100 

79 

NOTE: Average roll of fence ie W feet long, 

TABI.I! 154 

El!ECT SNOW Fl:NCES -

Perf'oI111B.I1ce 
(Avg per hour) 

26 .6 rolls 
130,2 rolls 
07 .5 rolls 
20,0 rolls 

46 poets 

6.8 roll•!/ 

3.8 rollo !/ 

2,0 rolle !/ 

DISTRlllUTION OF 199 HOURS NAIIT FOR MEN ASSIGNED ro 
HA1lL AND EHl!CT FENCE ROLLS AT Dl:n'flll!ll'r TIMES 

Iocation and item 

~ 

A, Cyclic wrk iteJDB: 
l, Untie or unroll fence rolls 
2. Tie fence sections together 
3. Position fence on poets 
4. U.o t,once to I)QOt.a 
5. Ilrivc poets by hn.Dd ( extra or end 

brooe) 
6. Walk ahee.d to new work area 
7. Move ahead to new work area 

B. Supporting work items 
C. Del.a)'B - wa.1 t on cyclic wrk 1 tem 
D. Delays - other 

'rote.l - wrksi te 

~ 

B. . '.l'r6YOl to, f'.roca, or betvocn work.sites 
( l.Mluding MIil Md :mt urn) 

F, Supporting work 1 teme 
G, Delayu 
H, Non-supporting work items and delays 

Total - other 

TOTAL 

Total. wrk items on assigned operation 
(A+ B + E + F) 

y O, S ror,:Mt or l~••• 
"!,/ Baeied on fence rolls erected. 

Percent 
of NA.WT 

5 
3 
4 
7 

!/ 
3 
!/ 

22 
ll 

l 
__§_ 

42 

37 
7 

13 
____!c 

~ 

100 

77 

NOTE; Avere.se roll of fence is 48 feet long. 

Performance 
(Avg per hour) 

45.6 rolls 
71.2 rolls 
50,6 rollo 
29.5 rolls 

54 poete 

9,5 rollo g/ 

l,,9 roll• g/ 

2,1 rolle g/ 

TABI.I! 153 

ERRCT BROW FEIICJ!B -
DISTRillUTION OF 52 HOURB NAWT FOR TROCKS ABSIGl'IKD ro 

HAUL AND ERECT Pl!NCB OOLLS AT SAME TIM!! 

IDcation and 1 tem 

~ 

A. Cyol.ic vont items: 
1. MJve abeBd to naw vork area 

B, Supporting ..,,:k itella 
C. Delaya - v&1 t on c)'t!lic work 1 tem 
D. Delays - other: 

l, Parked Wile men worK 
2, Other 

Total. - wrlcei te 

~ 

E. 'ti'awl. to, f'rm, or botwa:n worlteitea 
(J.Mluding bow. ""4 1'01:un>) 

F, Support.!Dg v<>rit it=e 
G, Delays 
B. Non-eupportlllS vork items and daleye 

Total - other 

ro= 
Total work items on aaaigned operation 

(A+ B + B + F) 

y Bria.nil. on .tonco :rollft ereet.ad. 

Percent 
or NA'WT 

2 
ll 

39 
..l 
~ 

55 

27 
7 

10 

..1 
_.::? 

100 

•7 

TABIE 15, 

ERECT SNOW FENCES -

Performance 
(Avg per hour) 

(ll mph) 

10.2 rolls !/ 

(27 mph) 

DISTRIBUTION OF 84 HOURS NAWT FOR TRUCKE ASSIONED TO 
HAUL AND ERECT FENCE ROLLS AT DIFFERENT TIMES 

tocation and item 

~ 

A, Cyclic writ items: 
l. Move ahead to new worl!: area 

B, Supporting work items 
C, Delays - Wit on cyclic -work item 
D. Delays - other: 

l. Parlted while men vork 
2. Other 

Total - work.site 

~ 

E, Travel to, fl'(l:II, or bat~on workaites 
( includlllg boul. ~id return) 

F. Supporting work items 
G, Deloye 
R. Non-supporting work items and ~lays 

Total - other 

TOTAL 

'lbtal work items on assigned operation 
(A+ B + E + F) 

Y. Booo<l on O!nco n>1J.a GrO<<eo, 
y 0,5 percent or lees. 

Percent Perfonzie.nce 
of NAWT (Avg per hour) 

l (10 mph) 
9 

27 

....!! 
n 

12,0 rolls y 41 

4o (21 mph) 
7 

12 

.!I 
2/. 

100 

57 
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Hauling capacity of trucks in terms of volume rather than weight is an 
important factor in the efficiency achieved by ere.rs engaged in snowfence 
erection and removal. Careful adherence by crews to the 8-foot width 
limitation on loads is a factor which effectively reduces the number of 
rolls of snowfence carried by each truck. A slight reduction in the 
height of fence, say, to perhaps 3 feet 9 inches, would permit a double 
row of rolls to be carried within limitations allowed. 

(o) Remove snowfences. 'Illis operation accounted for 1,8 percent of 
labor TA.WT in the three-county control area. Practically all of the work 
was done during April and May. As previously indicated, most snowfence 
installations in the control area were located on private property. Many 
landowners became anxious to have these installations removed as soon as 
frost went out of the ground so that field work could get underway. In 
order to preserve good relations with these landowners, it was essential 
for the crews to remove snowfences while the ground was still wet and soft. 
Often, trucks were not permitted to enter private property or were unable 
to maneuver in the wet ground and it was necessary to do a considerable 
amount of hand work. 

This operation was accomplished in one- to three steps. The number of 
steps and the tasks included in each step depended on local practice and 
conditions encountered at work areas. Some of the combinations observed 
are shown in Table 156. 

TABIE 156 
OBSERVED COMBINATIONS USED FOR REMOVING SNOWFENCES 

Combination 

A 

B 

C 

D 

Condition of 
work area 

Ground soft - trucks not 
able to enter private 
property 

Ground firm - trucks able 
to enter private property 

Ground firm - trucks able 
to enter private property 

Ground firm - trucks able 
to enter private property 

Steps 

l. Remove fence and remove 
posts 

2. Haul posts 
3. Haul fence rolls 

l. Remove fence, remove posts, 
and haul posts 

2. Haul fence rolls 

1. Remove fence 
2. Remove and haul posts 
3. Haul fence rolls 

l. Remove fence, remove posts, 
haul fence, and haul posts 

Each step was done by crews consisting of 2 to 5 men and l to 3 trucks. 
Most comm.only, there were 2 or 3 men and one truck. Sometimes crews per
formed two or three different steps during the same day. 

Crews generally accomplished the various work tasks in the same manner 
regardless of how many steps were involved. Fence was removed from posts 
by cutting the wire ties. Sections were separated and rolled up. Posts 
were usually removed by hand, but in some cases were removed with mechani
cal pullers operated by raising truck beds. The posts and rolls of fence 
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were loaded on trucks or carried to the fence line and tossed into the 
right-of-way, depending on whether or not trucks were able to enter 
private property. Posts and rolls of fence left on the right-of-way were 
loaded and hauled to a stockpile at a later time. Many of the tasks were 
performed by one man but others, such as loading fence rolls, required two. 
Men frequently switched from one task to another during the day or helped 
another man temporarily. 

Production studies of this operation were limited because of the 
short span of time during which the work was performed. Only part of the 
combinations of steps used were covered. Study data have been grouped to 
show time utilization for crews engaged in the following steps: Al and A2; 
Bl; A3, B3, and C3; and C2. Analyses of available data indicated that 
this operation was one of the most efficient studied. The only signif
icant loss of time occurred while men other than truck drivers were riding 
during travel, haul, or return. A gain in accomplishment per man would 
be realized if all steps except hauling fence rolls were performed by crews 
consisting of t,~o men and one truck. When hauling fence rolls, the most 
efficient crew would be two or three men equipped with two or three trucks. 

Figure 37. Removing snow fence. 



TABIE 157 
REMOVE SNOW FENCES 

DISTIUllWrO!I OF 45 HOUll!I IIIIIIT il:>R MBII A88lGllllD 'll) l!!!MliVll PPJICB ROLLS 
Alffi POS'rS AT SAME 'l'IM8; l!Alll, f'"t:IICII POrnl A:t Dln'8l!BIIT 1'Jl,£ 

I.Dcation and item Percent 
of NAWT 

A. Cyclic wrk items: 
1. lemove fence from poets 12 
2. Roll or tie fence rolls 19 
3. Pull poets by hand 6 
4. Walk ahead to new work area 4 
5. Move ahead to new work area 4 

-45 
:B. Supporting York 1 teme : 

1. Transport fence or poets by hand 
2. IDad paste 
]. Walle 
4. other 

C. Delays - wait on cyclic vork 1 tem 
D, Delays - other 

Total - workeite 

E, Travel. to, t.a'tlCll.1 or between workeitee 
( including luwl) 

F, Supporting work items: 
1, Unload poets 
2. other 

a. Del.aye 
H. Non-supporting work i teme and delays 

ToteJ. - other 

TOTAL 

Total. w,rk item.a on assigned operation 
(A+ 8 + E + F) 

l/ nuea on tan.co ro.U.. nJDO\"-,d. 
!/ 0,5 percent or lees, 

5 
8 
4 
2 

19 
31 
~ 

15 

5 
...! 

6 
4 

...! 

NO'IE: Average roll ot fence io 48 feet long. 

TABLE 159 

ll8l!O'IE BNOW PZNCFl! -

74 

26 

100 

85 

Perf"ormance 
(Avg per hour) 

6o.5 rolls 
38.1 rolls 
"'-43 poets 

9.9 rolls !/ 

558 poets 

7.4 rclle !/ 

DISTRllM'lOI( Of 6, HOI/IIS IIAWT JlllR I®! ASSlml!!D TO RSl«MI l"8llCII OOLIS, 
Bl!)IOV£ l'l"J>'CB P06'1,8 AIID IIAUL P21CE l'OO'l'S AT &ME TIMI! 

l'.Dcation and item 

~ 

A. cyt,llc work items: 
1. Remove fence i'rmt posta 
2. Rell or tie fence rolls 
3. Pull poets b:, ho.nd 
4. Walk ahead to .l'llll\l vcrk a.rea 
5. t,bve a.head to new work area 

B, Supporting wrk items: 
1. Transport tence or poets by hand 
2. IDad poete 
3° Walk 
4. other 

C • Del.ayu - va1 t on cyclic work items 
D, Deloye - other 

Total - vo:m.ai te 

~ 
E, Travel to, t:roa: , or between w:rkaitee 

(includlng boul.) 
P. Bupporting work i tema 
a. 0e1.aye 
H. Non- aupporting work 1 tems and de le.ye 

'lbtal. - other 

TOTAL 

Tot.al wTk iteme on assigned operation 
(A+ B + E + F) 

y Buad. cm ra.nco rolli romow.d. 

Percent 
of NA.WT 

12 
19 

6 
4 
3 -44 

7 
4 
6 

_g 
19 

l 
~ 

76 

15 
4 
4 

...! 
2!!: 
100 

82 

NOOE: Average roll of' fence 1■ 48 feet long, 

Performance 
(Avg per bour) 

46.9 roll• 
30.8 roll• 
312 posts 

13,0 rclle !/ 

7.5 rolls!/ 

5.7 roll•!/ 

'J:ABIE 158 

REMOVE SNOW FENCES -
DISTRIBUTION OF 23 HOllffi NAWT FOR TIU:l'.S ASSIGl!l!D TO Bl1l,l:,YE F£1.CE ROLLS 

AND POSTS AT SAME TIME; IIAUT, mroE POO'l'B AT Din'fl!ll!IIT TD'.£ 

Location and 1 tem 

Worksite 

A, Cyclic work items: 
1. Move ahead to new work area. 

B. Supporting: work items: 
1., wad posts 
2, other 

C. Delay& - 1ffl.it on cyclic \IOrk items: 
l, Wait on remove f'ence and poets 

D. Dela.ye - other 
1. Parked Wile men work 
2, other 

Total - wol'kei te 

~ 

E. Travel. t.o, trom, or between workai tee 
( inclu41.og ha\ll) 

F. Supporting work 1 tema: 
1, Unload poets 
2. Other 

G. Del.ay-e 
H. Non-supporting work items and delays 

Tbtal - other 

TOTAL 

TbtAl vork items on assigned operation 
(A+ D + E + F) 

1/ Be.tied, on ~nee: rollG nsoovu-d~ 
Y O. 5 percent or less . 

Percent 
of NAWT 

. 8 
3 

-11 

2 

57 
l -~ 

5 
1 

15 

6 
4 
y 

75 

~ 

100 

TABIE 160 
!OlMOVE Stroll FENCES -

Pert'onna.nce 
(Avg per hour) 

(12 mph) 

7o8 poets 

19 . '. rolls !/ 

(29 mph) 

ll.16 poste 

DISTRIBU'l'ION OF 26 HOUffi OF NAWT FOR TRUCI<B ASSIGNED TO REMOVE FENCE 
ROLLS, REMOVE FENCE POSTS AND HAUL FENCE FOOTS AT SAME TIME 

location and item 

A. Cycle work items: 
l. Mow ahead to new work area 

B. Supporting wrk items: 
l. loed poets 
2. other 

C, Delaye -wit on cyclic work items: 
l, lenove fence and poets 

D. Del.o.ye - other 
l, P&rked Wile men wrk 
2. other 

Tote.l - workei te 

E, Tra.vel to, t-roll, or bet'Ween lm:rlteitee 
( including hnul.) 

P. Supporting work i teme 
G. Delays 
H. Non-supporting vork iteu a:ad delays 

Total - other 

TOTAL 

Total -.n:,.rk items on aaeigned operation 
(A+ D • E + F) 

¥ BUed on to.nco tvlla nt:110vc.a. 

Percent Perf'orms.nce 
of NAWT ( Avg per hour) 

(7 mph) 

5 955 poets 
_g 

7 

38 

25 
3 -~ 

76 18.2 rclle !/ 

15 (29 mph) 
4 
4 

..l 
2!!: 
100 

29 



TABIE 161 

Rl!l«JVESNOWnNCES-
DIB:l'JUJlU'l'JOII OF 16 BOU!ll NAWT FOR MSII ASSIGNl:D TO REMOVE 

AND BAUL FENCE POS'.IB AT SAME TIME 

IDcation and 1 tem 

~ 
A. Cyt:lic 'WOrk 1 tems : 

1.. Pull poets w1 th t:ruck and mechBDical 
pul.ler 

2. Load pests 
3. Welk ahead to new work ana 
4. Move ebead to new voff: e.rea 

B. Supporting work i tema: 
l . MBDauver 
2. Other 

C. De~ - wait on cyclic work 1 tems 
D. Do~ - other: 

1, Personal. dalaya 
2. other 

Total - wo:rkaite 

~ 
E. Trawl 't01 't'ra::21 or between vork9itea 

( il>elucling ho.w.) 
F, BUpporting ,ron, i tenis 
G, Doleys 
H. Non-supporting wrk 1 tems and aBl&yB 

Total - other 

Percent 
of NA.WT 

19 
5 
6 
6 

- 36 

9 
4 

-13 
4 

27 
3 
4 
l 

~ 

Pertozman.ce 
( Avg per hour) 

186 poet• 
717 posts 

100 posts!/ 

55 posts !/ 

TOTAL 100 36 posts !/ 

Total work iteme on B8B1e;nad operation 
(A+ B + E + P) 

TABIE 163 

REMOVE BNO\I FENCES -

79 

DIS'l'Rll!Ul'ION OF 24 IIOURl OF NAWT FOR MEN ASSIGNED TC' BAUL FENCE ROLLS 

Iooation and item 

~ 

A, CJ,,lic 11011< i tenis 
B, Bupporting wol'k it.om.: 

1. IDad tence t,:,lls 
2. Other 

C. DalayB - wa1 t on c,elic vo:rlt 1 tem 
D, Doleys - other 

Total. - wl1<Bi to 

~ 

E. Travel to, .trcm,. or bfttvoen work■itee 
(inclu4iog h&lll. ao4 x,,t:.w-n) 

JI. Bupporting wol'k i tenis : 
1, Un.10&4 tence rolls 
2. Other 

G. Doi,,,,. 
a. ftOl>-11\li!Porting work items and iloleys 

Total - other 

TOTAL 

Total work itema on aa■igned operation 
(A+ B + B + P) 

Percent 
o~ llAWT 

10 
10 
-2G 

..2 
25 

50 

9 
..2 

14 
10 

l 

75 

100 

84 

Performance 
(Avg per hour) 

95.6 rolls 

37 .8 roU.. !/ 

99,9 roU.. !/ 

9,4 rollo !/ 

TAllIE 162 
rlEMOVE SNO\I FENCES 

DISTRIWTION OF 8 HOURS NAWT FCR TROCKB ASSIGNED TC REl«lVl! 
AND HAUL FENCE POSTS AT SAME TIME 

IDcation and 1 tem 
Percent Performence 
or NAWT (Avg per hour) 

Wor'1taitc 
~c wrk items: 

1. Pull posts v.l.th mechanical puller !/ 
2 . IDBd posts 
) . Move ahco.d to new work aree. 

B. Supporting work itema: 
1. Maneuver 
2. other 

C. DelEcyl!I - -we.it on c;yt:lic wrk item 
D, Delays - other: 

1. Personal. 
2. other 

To'C8.1. - work.site 

other 
~wl to, rn.., or between vorksitee 

( includiog h•ul) 
F. Supporting work 1 tems 
G. lleloYB 
H. NonollPl)Orting work items and delays 

Total. - other 

WTAL 

Total wrk item.a on assigned operation 
(A+ B + E + F) 

!/. Ope""t<>d by ducq, bod. 
g/ Ba.sod en renr.:e 'POatG removed, 
'Y 0,5 percent or less. 

21 
9 

12 
-42 

9 
3 

-12 

5 
..l 

g 66 

27 
2 
5 
'JI 

_lit 
100 

83 

TABIE 164 

RIMJVE BNO\I FENCES -

341 posts 
'/82 }'OOtS 
(' IIIPh) 
J.70 poats g/ 

1o8 posts g/ 

(19 mpb) 

DIBmIBUTION OP 8 l;!OW<l NAW't FOR TROOKB AIISIGNl!D TO BAUL Pl!INOl!J R>LIB 

Iocation and item 

Wo>l<oite 

A, Cyclic worl< items 
B, Supporting won items: 

1, IDad tence rolls 
2. Other 

C. Del.aye - wait on cyclic writ item 
D. Dale.ya - other 

Total - workei te 

E. Travel to, t:r,oo,, or between workeitea 
( including houJ. and retum) 

F, Buppcrtiug 'IIOrk itenis : 
1, Unload :rence rolls 
2, Other 

G, Dela.ye 

Total. - otber 

TOTAL 

Total. work items on assigned operation 
(A+ B + E + F) 

ll ..,..G on n,.u.o bau.ll!O 

Percent 
of' NA.WT 

12 
_§_ 

18 

..2 
23 

51 

g 
15 
g 

11 
100 

84 

Perto:nrrance 
( Avg per hour) 

230.5 roll.B 

122.5 rolls !/ 

(28 mph) 

297,5 roll• 
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( p) Sand roadway surfaces . labor time expended on this operation 
amounted to 2 .7 percent of TAWT in the three-county control area. By def
inition, time was charged only 'When maintenance crews -were primarily en
gaged in sanding. Time expended by creW's on incidentaJ. sanding during 
plowing or ice blading runs was charged as part of other operations. 

Ice and hard-packed snow accumulated on roadway surfaces during most of 
the storms in the wlnter of 1959-6o . Often, these accumulations could 
not be completely removed by plowing, blading or salting and conditions 
became hazardous for the traveling public. Maintenance crews began sand
ing as soon as it became apparent that other means would not keep roadway 
surfaces in good condition. This operation continued as needed until the 
ice and hard-packed snow either melted or could be removed. Most of the 
work was done at hills, curves, intersections, railroad crossings and 
bridges since experience showed that they were the most dangerous areas. 
Only rarely were entire road sections completely covered with sand. 

Throughout the report, the terms "sand" and "sanding" have been used to 
describe this operation. In actual practice, cinders constituted a sub
stantial proportion of abrasives used in the three-county control area and 
throughout Imra. Availability and cost generally determined 'Which type 
( sand or cinders) would be used in each county. In the control area, aJ.l 
abrasives were loaded, hauled to garages and stockpiled by State forces. 
In some other parts of the State, abrasives were loaded, hauled, and stock
piled under contracts. Most of this work was done during fall months but 
stockpiles were replenished during 'Winter months if necessary. Calcium 
chloride was mixed with all abrasives stockpiled in the control area. The 
ratio of chloride to abrasives was about one-half sack per cubic yard or 
1: 50 based on volume. Most of the time, additional calcium chloride or 
rock salt was added at the time trucks were loaded for sanding. The ratio 
of chloride and salt to abrasives was 1:10 in many loads and a few were 
observed with a 1:2 ratio. It was estimated that the average ratio for 
all loads used in the control area was 1:20 based on volume. 

Crews assigned to this operation usually consisted of one or two men 
and one truck eq_uipped with a spreader bed. In a few cases, crews utilized 
trucks equipped with an end dump bed and a detachable tailgate spreader. 
These latter crews always included two men since it was often necessary 
for one man to feed the tailgate spreader by hand. All crews also utilized 
a front-end loader to obtain abrasives from stockpiles. At each work area, 
the spreader bed or tailgate spreader was put into operation and the truck 
driven ahead to distribute abrasives on the roadway surface. Sometimes 
only one lane was covered; at other times the truck was driven down the 
center of the roadway to cover both lanes. Only rarely were abrasives 
unloaded and spread by hand. 

Production studies of this operation indicated that the operation was 
relatively efficient. However, men other than truck drivers did not per
form any significant work unless the crews were using trucks equipped with 
an end dump bed and a tailgate spreader. In effect, the second man lost 
considerable time riding during haul, travel, and sanding. The average 
accomplishment per man could be greatly increased if the work was always 
performed by crews consisting of one man and a truck equipped W'i th a 
spreader bed. However, it is recognized that until two-way radio becomes 
available, a second man may make some contribution to safety of the 
operation. 



TABIE 165 TAlllE 166 

BAlll) ADAl1WAY SURFACES -SAlil) IIJAD',l,\Y SUR!'AO!!S -
DISTRIBUTION 01' 32 IIOUllS Mill' l'OR MEN ASSIGNED 

TO '!BE OPERATION 
DIS'.l'RIBll'l'ION OF e 5 BOUHS NAIi'!' FOR TRUCKS ASSIGNED 

TO nm OP!lBA'l'Iotl . 

location and 1 um. 

Workeite 

A, C)'1:11c Wn< l'tmla: 
1. Uill.oo4 a.n4 ap.rae.d el!Uld by hand 

Percent 
of NAWT 

l 

Perfo~ce 
(Avg per hour) 

8.6 cu yd 
1,850 sq yd 

IDc&tion and item. 

~ 

A, Cyclic work 1tcws: 
1. Unload and 1Jproad sand with spreader 

bed or tailgate spreader 

2. Unload and apread send v/truck spreader 13 
bed or tailgate spreader 

8.8 cu yd 
l.13,200 sq yd 

2. Move ahead to new work area 

3, 111M> nlLOn4 to ncv 'l'Ori: o.rcA 

B, Supporting work items: 
1, Ride wile sanding 
2. other 

C. Dela.ye - we.it on cyclic work items 
D, Del.ayB - other 

Total - work.Site 

~ 

5 
_!t 

9 

..l 
55 

2.8 cu yd 
32,900 oq yd y 

2.2 cu yd 
26,000 oq yd y 

B. Supporting vorl< i tems 
C. DelA)'f - vnit on cyclic work items 
D. Delays - other 

Total - vorkei te 

~ 

B, Tns.Y1!l to, t'l"I.W, or between vorksitea 
( I.Ml.1141ng hnul) 

F, Supl)Orting vorl< 1te£u,: 
l, Ioad aand 
2 . Other 

E. "tn\vel. to, trae:I.., or between wrksitee 
(inalU<llilg hllul) 

JI, Supporting ,rork items 
o. l)e]Ay8 
H, tlon- auppol'ting work items and deJ.aya 

Total - other 

roTAL 

Tote.l. wol'k 1 tem.a on assigned oper&tion 
(A+ B + E + F) 

y BMoA on •and oproll4 . 

29 
6 
8 
~ 

..i2 
100 

87 

ii.:~~ yd y 

G, DolAyo 
H, llo:n-aupporting wc:r:k iteme and delaye 

Total - other 

Total. work 1 tems on assigned operation 
(A+ D I E + F) 

y Bo.ebd on nn.nd. ep~cl. 

TABIB 167 
SAIID lllAWAY Blll!FAc.ll -

DISTRIBUTION OF 3 UOORS IIAW'l' FOR l'Bl!n' END WADER! 
AS&I<,IIED ro nre OPERA'l'lOII 

Iocation and 1 tem 

Ot.her 

E. ~vel. to, fram, or between wrke1tea 
F, 8UJ>POrliog work 1-: 

1, Io6d Otu:4 M4 n4d Hlt or CaC½ 
2. Maneuver 
3, other 

G, Dol.oyo 
H. Hem, nu_pporting work 1 tems and delaya 

Total work 1 tems on aeaisned opeN.tion 
(li + JI) 

Percent 
of NA.WT 

47 
14 
4 

- 65 
33 
_g 

100 

64 

Pertomance 
(Avg per hour) 

41.0 cu yd 

Percent 
of NAllT 

gr 

43 

..l 
51 

27 

4 
..l 

7 
14 
..! 

...!±2 
100 

82 

Performance 
(Avg per hour) 

9·• cu yd 
1.21,100 eq yd 

(2J. mph) 

3.5 cu yd y 
45,100 oq yd 

~9~1~ !! yd y 

(32 mph) 

39.0 cu yd 
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(q) Salt roadway surfaces. This operation accounted for 1.6 percent 
of labor TAWT in the three-county control area. By definition, time was 
charged only when men were primarily engaged in salting roadway surfaces. 
Time spent on incidental salting while engaged in plowing or ice blading 
runs was charged to other operations. Each year, the State designated a 
network of highways which would be salted during winter months. This net
work basically consisted of routes with an overall ADT of 2,000 or more 
but also included some isolated spurs which might otherwise require special 
runs for sanding, plowing or ice blading if they were not salted. The 
salting network was divided into a series of runs which extended between 
towns or major road intersections. County lines were ignored when estab
lishing these runs in order to avoid abrupt changes in the condition of 
roadway surfaces at an isolated location. Most counties were responsible 
for at least one salt run; some had as many as five. 

Designated routes in the control area were salted on numerous occasions 
during the winter of 1959-60. Many storms involved only sleet, freezing 
rain, or light snow. They were melted or turned into a slush by one or more 
applications of salt, and road surfaces were often kept clear by traffic 
action. Salt was also applied during the early stages of major storms 
which involved heavy snow. The snow was not melted to any great extent, but 
a layer of slush was formed next to the roadway surfaces which facilitated 
plowing or ice blading operations. Sometimes salt was also applied after a 
storm was over to loosen ice or hard-packed snow which had accumulated at 
certain locations. Salt was rarely used when the temperature was below 
20° and falling. Normally, each foreman decided when and how often the 
salt runs assigned to his county would be covered. Often, they were hand
icapped in making decisions because of inadequate weather indicators and 
forecasts. 

The rock salt used in this operation was a coarse bulk product weighing 
about 1,890 pounds per cubic yard. It was obtained under contract and ship
ped in connnercial trucks. State forces unloaded these trucks and stockpiled 
the salt in a shed or other enclosed storage space. 

Crews for this operation consisted of 1 or 2 men and a truck equipped 
with a spreader bed. A front-end loader was used to load the salt. Each 
crew normally handled one salt run about 20 miles long but sometimes had 

Figure Truck with spreader bed salting roadway surface. 
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two shorter runs. Trucks were of'ten loaded with salt even before ascer
taining that salting would be necessary since timing was a critical factor. 
Once the decision was made, crews traveled to the near end of their run 
and began salting. The truck was driven near the roadway centerline and 
both lanes covered in one application. During return travel to the garage, 
selected areas were sometimes given a second application. 

Production studies indicate that only the truck driver perfonns any 
significant amount of productive work while engaged in this operation. 
Thus, on two-man crews, the second man loses a considerable amount of 
time riding during travel and salting. Accomplishment per man could be 
substantially increased if the crew always consisted of one man and a 
truck. However, it is recognized that until two-way radio becomes avail
able, a second man may make some contribution to safety of the operation. 

~ 168 ~169 

SAI!r ROADWAY SURFACES - SAm ROAIJWAY SURFACES -
DISTRI1ll1rION OF 24 HOUIIS NAIU FOR MEN ASSIGNED TO THE OPEMl'ION DIBTRI1ll1r:ION OF 18 HOURl IIAIU FOR TRUCl<E ASSIGNED TO THE OPERATION 

Location and item 

Workaite 

A. Cyclic -wrk. items : 
l. Unload and spread salt vi.th truck 

spreader bed 
2. Unload a.nd apread ee.lt with truck 

spreader bed and plow with 
one-"Wa.Y plow 

3 . M:>ve ahead to nev work a.rea 

B. S\lpporting work items: 
1. Ride -while ea.lting 
2. Other 

C. Dela.ye - wait on cycl.ic wrk item 
D, Delays - other 

Total - worksi te 

~ 
E, Travel to, f':ram. 1 or between work.Bites 

( including haul) 
F. Supporting work items: 

1.. load sa.1:t 
2, other 

G. Del.aye: 
1, Servfoe truck hoist 
2. other 

H, Non-oupport1ng work items and delays 

Total - other 

TOTAL 

Total work items on assigned operation 
(A+ B + E • F) 

Percent 
of NAWT 

33 

6 

2 
- 41 

14 
_g 

16 

..1 
6o 

16 

4 

..l 
7 

6 
g 
li 

4o 

100 

8o 

!f Baaed on miles salted. g/ 0. 5 percent or le1B . 

Perfoi,nance 
(Avg per hour) location and item 

~ 
A. Cyclic vork items: 

17.3 tw-lane mi 
1. Unload and eprea.d se.lt with spreader 

bed 
2. Unload and spread ealt with. spreader 

Salt-ll.0 "two- bed and plow Yith one-w.y plow 
lane mi 

Plow-21.9 paSB-mi 

3. M:>ve ahead to new vork e.rea 

15.8 tw-lan• mi 
y B. B1W><>rting wrk itens 

c. Delays - w.1-t on cyclic work item 
D. Dela.ye - other 

Total - wrksite 

10.8 two-lane mi ~ 
y E, Tro.vel to, f'nD, or betwan "WDrk.aitea 

(including haul) 
F. B1W><>rting wrk itens: 

1. Load salt 
2. other 

o. Delays 
:a. Non-supporting work items and delays 

Tcta.l - other 

T<JrAL 

Total work items on assigned opere.tion 
(A+ B + E + F) 

6,5 tw-lone mi 
y 

~ Baec-4 oo Dil.ee eal ted. 

~ Bao!Ml on 1,690 lb/cu yd. 
0,5 porc.ent or less. 

TABLE 170 

SAm ROADWAY SURFACES -

DIBTRI!lll'ION OF 1 HOUR NAIU FOR FRONT END LOADERS 
ASSIGNED TO THE OPERATION 

:Wcation and item 

other 

E. Travel to, f'rom, or betveen wrkeites 
F. Supporting work items: 

1. Load ea.lt 

2. other 

G. Delays 

TOTAL 

Total work items on assigned operation 
(E + F) 

!) Baeed on 1,890 lb/cu yd. 

Percent 
of' NAW'l' 

83 

100 

98 

Performance 
(Avg per hour) 

34.1 cu yd 
32.3 tons y 

Percent Perfonnance 
of' NA',1.11 (Avg per hour) 

I 

43 17.3 t-wo-lane mi 

SaJ..t-ll.o two-
8 

lane mi 
Plow-21.9 pa.es-mi 

_g (26 mph) 
53 15.8 two-lane mi 

2 
y 

_g 
57 14.6 tiro-J.ano mi 

y 

19 (JO mph/ 

5 34.2 tone y 
..l 

8 
16 

'JI 
~ 

100 

82 



( r) Remove ice from roadway surfaces and shoulders . Labor ti.me expended 
on this operation totaled 1.1 percent of TA.WT in the three-county control 
area. By definition, time was charged to this operation only when mainte
nance crews were primarily engaged in blading ice or hard-packed snow. Time 
for blading ice incidental to plowing, sanding or salting runs was charged 
to other operations. Ice and pard-packed snow accumulated on roadway sur
faces on many occasions during the winter of 1959-60. Often, these accu
mulations could not be removed by salting or traffic action, and driving 
conditions became hazardous. When such situations developed, crews resorted 
to ice blading in order to keep roadB in good condition. 

The operation was usually perfonned by crews consisting of either one 
man and a motorgrader equipped with an underbody ice blade, or two men 
and a heavy duty truck equipped with four wheel drive and an underbody 
ice blade. On a few occasions, the heavy duty trucks were operated by 
only one man. The same general procedure was used with both types of 
equipment. At each work area, ice blades were lowered and a downward 
pressure applied by hydraulic cylinders while the motorgraders or trucks 
moved ahead in low gear. Accumulations of ice and hard-packed snow were 
broken up and peeled off roadway surfaces by a combination of downward 
pressure and abrasion. Sometimes, several passes were required to remove 
the entire accumulation in an area. The operation was usually carried out 
during the middle of the day because higher temperatures at that ti.me sof
tened ice and hard-packed snow and made removal easier. Also, the slow 
moving equipment presented less of a hazard to traffic due to better vis
ibility. 

Production studies indicate that it would be possible to increase 
production to some extent if all heavy duty trucks were operated by one
man crews. There was little difference between the productivity of motor
graders and trucks while actually blading. However, studied trucks spent 
some ti.me on incidental plowing which reduced their worksi te and NAWT 
production rates below those for studied motorgraders which concentrated 
on blading ice and hard-packed snow. 

TABI.E 171 

REMOVE ICE F.R:JM ROADWAY SURFACES AND SHOUUlERS -
DISTRIIDl'ION OF 67 HOURS NAWT FOR MEN ABSIGNED TO 'mE OPERATION 

location and item 

A. Cyclic \./'Ork 1 teme: 
1. Blade i ce with truck underbody blade 
2. Blade ice vi th motorgra.der underbody 

blade 
3. Move ahead to new work area 

B. SupportiDg work 1 teme: 
l, Rido while bl.ading ice 
2 . Other 

C. Del.ayu - w1 t on cycl.1c work 1 tem 
D, Delays - other 

Total - workei te 

Other 

E, Travel to, from, or betireen llOrkeitee 
F. Supporting work i teme 
G. Del.aye 
H. Non-supporting work items and delays 

Total - other 

TOTAL 

Total work 1 teme on aeeigiied operation 
(A+ B + E + F) 

!J Baaed on area bln.&:d. 

Percent Perfonnance 
of NAWT (Avg per hour) 

28 35,4oo oq yd 
11 36,4oo eq yd 
~ 

55 24,900 oq yd !/ 
7 

...2 
l2 

..l 
74 18,500 oq yd !/ 

5 
4 

11 
.i 
~ 
100 13,Boo eq yd!/ 

76 
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TABIE 172 
RE:MOVE ICE FROM ROADWAY SURFACES AND SHOUIDERS -

DISTRIBUTION OF 39 HOURS NAtrr FOR HEAVY DU'l'Y TRUCKS ASSIGNED 
TO THE OPERATION 

Location and item 

A. Cyclic work items: 
l. Blade ice with underbody blade 
2 , Move ahead to new work area 

B. Supporting work items 
C. ~lay1::1 - wa.lL uu c,Yl!llt: 1.u.d .. ll.t!lll 
D. Delays - other 

Percent Perfo:rmance 
of NAWT (Avg per hour) 

44 
18 
-62 

4 

~ 

35,4oo aq yd 
(13 "!1h ) 
23,900 sq yd!/ 

TABIE 173 

REMOVE ICE FROM ROADWAY SURFACES AND SHOUIDEffi -
DISTRillUTION OF 9 ROUFS NAWT FOR MDTOOORADEilS ASSIGNED ID 

THE OPERATION 

location and item 

~ 

A. Cyclic work items: 
1, BJ.ade ice with under body blade 

B. Supporting work 1 tema 
C. Delays - wait on cyclic work item 
D. Delays - other 

Total - worksite 

Percent 
of' NAWT 

Perfonnance 
(Avg per hour) 

Bo 36, 4oo sq yd 

!/ 

.le 
81 36,200 aq yd y 

Total - workai te 74 20,700 sq yd !/ ~ 

E. Travel to, from, or between worksites 
F. Supporting "Work item.a 
G. Delays 
H, Non-supporting work items and delays 

Total - other 

WTAL 

Total -.,a:rk items on assigned operation 
(A + B + E + F) 

y ·~ ed on area Ql.n.(1c4 

5 (20 mph) 
4 

12 
-2. 

26 

100 

75 

E. Travel to, from, or between worksitee 
F. Supporting work i teme 
G. Delays 

Total - other 

WTAL 

Total work items on assigned operation 
(A+ B + E + F) 

!J.. 0 , 5 l'll!l"Ct:nt. or le u.e . 
y Staaal.1 on area bladed. 

2 (14 mph) 
5 

g 
--12 
100 

87 

(s) Paint centerlines and edgelines on pavements. Labor time expended 
on this operation in the three-county control area amounted to 1.6 percent 
of TAWT. In accordance with policy, centerlines, no passing zone lines, 
and edgelines in all paved road sections were painted once each year. Some 
main routes were painted twice a year. White dashed lines were painted 
along the centerlines of two-lane roadways and between inner and outer 
lanes on four- lane :roadways. The dashes were 4½ i nches wide, 15 feet long, 
and spaced 25 feet apart. Solid yellow lines, 3½ inches wide , were used 
to mark no passing zones. They were painted adjacent to centerlines on 
roadways where needed. Edgelines were relatively new in Iowa and were used 
only at particularly hazardous locations such as approaches to narrow 
bridges, and sharp curves. They were solid white lines 4 inches wide and 
of variable length. All three types of lines were reflectorized with 
glass beads to provide maximum visibility. 

The centerline and edgeline painting operation was under the direction 
of district foremen who scheduled the work and supervised district paint 
crews. Centerlines and no passing zone lines on main routes received 
first priority. After they were completed, centerlines and no passing 
lines were painted on minor routes. Finally, edgelines were painted on 
all routes. Under normal conditions work was completed in all road sec
tions, except those under construction, by September 1. 

The operation was usually carried out in four steps. They were (1) 
mark centerlines and no passing zones; (2) clean dirt and debris from 
pavements; (3) paint centerlines and no passing zone lines; and (4) paint 
edgelines. The first step was performed by crews from local garages days 
or even weeks in advance of step 3. One or two men and a truck were sent 
out to relocate lines and paint index marks in road sections where they 
had been obliterated by traffic and weather. Step 2 was carried out only 
when pavements were unusually dirty. It was done by a group of 2 to 4 men 
from local garages. They utilized a truck, power broom and, sometimes, a 
grader to clean off mud and debris. Such work was usually done severaJ. 
days in advance of step 3, but on some occasions was done on the same day. 
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Step 3 was carried out by a district paint crew consisting of 11 men, 
a paint truck, a flatbed "nurse" truck, 2 pickups and 5 automobiles. The 
paint truck was eq_uipped with paint tanks, glass bead bin, air compressor, 
pumps, sprayer and a two-way intercom system, The flatbed "nurse" truck 
carried a pump, barrels of paint, and sacks of glass beads. The district 
crew sometimes included two more men and a special acid truck eq_uipped 
with tanks, pump and sprayer. Often, this district crew was augmented by 
men, trucks, and pickups from local garages. The various work items in
volved in step 3 were normally carried out simultaneously by groups of 
men spread out over several miles of road. The first group consisted of 
two flagmen from the district crew eq_uipped with two automobiles. They 
stopped all public traffic, passed out leaflets which described the opera
tion, and instructed drivers to stay off freshly painted lines. When new 
concrete pavements were being painted for the first time, the next group 
consisted of two men and a special acid truck. They removed curing com
pound from the concrete ·with a dilute acid solution. The next group in 
line operated the paint truck. An experienced man from the district crew 
drove while another controlled painting and beading eq_uipment. Pavements 

Figure 39. Paint truck putting down 
centerlines. 

.J 

Figure 4o. Paint truck and pickup truck 
used for placing -warning blocks. 

were given a final cleaning 
by an air nozzle attached to 
the truck's front guide boom. 
A unit attached to the rear of 
the truck simultaneously 
sprayed white centerlines, 
yellow no passing zone lines, 
and applied glass beads. Two 
men from the district crew 
followed close behind the 
paint truck in a pickup • One 
man drove while the other sat 
in a special rear-mounted seat 
and put out red warning blocks. 
The blocks were picked up by 
a similar two-man group oper
ating several miles behind the 
paint truck • The final group 
consisted of two flagmen from 
the district paint crew e
q_uipped with two automobiles . 
One man stopped all traffic 
on the road being painted; the 
other stopped traffic on inter
secting roads. Both men passed 
out leaflets, and instructed 
traffic to stay off freshly 
painted lines. Sometimes, ad
ditional flagmen were needed 
to cover intersecting roads, 
particularly in urban areas • 
local garages supplied the 
extra men and vehicles for 
their transportation. One man 
from the district crew did not 
work as part of the previously 
described groups. His task was 
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to operate the flatbed "nurse" truck hauling paint, glass beads, and extra 
warning blocks between garages and worksites or between worksites. How
ever, this man did act as a spare flagman on many occasions. 

'Ihe fourth and final step in this operation was painting edgelines. It 
was normally perfonned only after step 3 had been completed throughout a 
district. District paint crews handled practically all of the work and 
generally used about the same men and equipment as were used for step 3. 
However, there were some differences j.n procedures due to the fact that 
worksites were scat tered and relatively small in size. 

Crews engaged in t his operation were usually quite conscientious about 
safety. Trucks were equipped with lights and warning signs. Most of the 
time a sufficient number of flagmen were available to provide good control 
over public traffic. 'Ihe instructional leaflets passed out to drivers 
were particularly helpful. 

Production studies were conducted on only steps 1, 2, and 3 of the 
operation. 'Ihe data have been combined to show time utilization for t hese 
t hree steps. Step 4 was not studied but time utilization would probably 
be quite similar. The entire operation appeared t o be well organi zed 
with a favorable balance between labor and e quipment. This can probably 
be attributed to the fact that most of the work was done by specialized 
crews under the direction of a full time supervisor. Production rates 
obtained on studies may not reflect a true average for the operation since 
some of the crews observed were working under relatively adverse conditions. 
However, even under favorable conditions production per man-hour might be 
increased to some extent. Reduction of certain types of delays such as 
waits on hauling materials is possible. Also, the tasks of putting out 
and picking up warni ng blocks should be mechanized so that each item could 
be done by one man. 

TABill 174 
l'Alll'I' CDl'IERIJJIES /1110 EllGELlll!l9 O!I PAYEHE!l'l'S -

DIS'i'llIJllmOII 0V J.64 110\lre !(All'!' FOR MEIi ASSIOIIE!l 1'0 l•IAllK PAVEl<l'JITS, 
OLEAJI PAVEl4Ell'l1l, 1\110 PADlT CrJl'l'ERC!lliS OR !IQ PASSD/0 LlHE9 

IDcation and 1 tem 
Percent Perf'onnance 
of NAWT ( Avg per hour) 

Workeite 

A. Cyclic work items: 
l. Blade dirt with truck Md to""d grndar l 
2. Broom dirt with tl'\l.Ck and J)ower broo:::i 1 
3. Appzy add with sprayer !) 
4. Pe.int index marks by bend 3 
5. Paint no-paeeing zone markers by hand !/ 
6. Paint centerlines and no pas Bing lines 

vi th sprayer 3 
7. Put out or pick up warning blocks 6 
8. Move ahead to nev work area 2 

- 16 
B. Supporting work 1 tems : 

1. Flag or <11,irect public traff'ic 
2. other 

C. Delays - wait on cyclic work item 
D. Delays - other: 

l, Wait on haul glass ,· beadG 
2. Inetructione 
3. Other 

Total - worksite 

E. Travel to, from, or between worksites 
F. Supporting wrk items 
G. Dela.,s 
H. Nonsupporting work itema and delays 

Total - other 

IDTAL 
Total work items on assigned operation 

(A+ B + E + F) 

15 

..2. 
24 

2 

7 
6 

..2 
gi_ 

26 
5 
8 

_! 

6o 

__1!Q 
100 

71 

y 8a,ae4 on ••11.•• cowre<i. 

4,6 two-lone 1111 
2.2 two-lane mi 
4.8 t-wo-lane mi 
4.5 t-wo-lane mi 
20 posts 

4.7 two-lane mi 
2 .2 two-lane mi 

0.92 tw-lane mi 

0.25 two-lane mi '5./ 

0.15 tw-lane mi '5./ 



TABIE 175 

PADl'I' Cl!!l'l,1!llUJi A!Ql £00!jl.IllE8 Oll PAVma:H'IB -
DISrRllllJTIOII ·OJ' l.6 HO\lffi IIAIII' FOR PAill'l' 'nlOOtal AGBXOllED TO 

PAillT aminlRLI1l111 OR IIO PASSntO Lilll!S 

Iocation and 1 tem. 

Woritsite 

A. ()yt:llc worl< items: 
L Paint cento r.11.na v.1 th ap.n,.yar 
2. Move ahead to now wo:rk a.ttll 

B. Supporting work items 
C, DelAye - wait on cyclic wrk 1 teme 
D. Del.aye - other: 

l, Wait on haul glaee beBde 
2. Parked Wile men work 
3, Other 

Total. - worksite 

~ 

E. Travel to, from, or between workei tee 
I'. Supporting -woric. items 
G. Del.aye 

Total - other 

TOTAL 

Total. -,,,ork items on asaigned operation 
(A ♦ B + E + F) 

.:I, v., pen:.tlil .. or le11, 
y Bct.a:ed on miles covered. 

TABIB 177 

Percent 
of HAWT 

9 
5 

J! g 

31 
10 

.u 

46 

100 

Perto:nmmce 
(Avg per boUl') 

9.5 two-laru, Iii 
(30 mph) 
9.4 two-lane mi y 

3.2 two-lane mi g/ 

(33 mph) 

PAillT CEN'IIIRLJllt:ll A)Ql EDllllLllle8 Oll PAVEll!ll'IB -
DIS'l'RIBUTIO!I OF 5 IIOtffi'J IIA\l'r FOR TO'- OIIADlUlS ASSlOlfflD TO 

CLEAN PAV!;)®ll'S 

IDcatiou and 1 tem 

~ 

A, Cyclic worl< 1-.i: 
l . Blade dirt 

B. Supporting work 1-.i 
c. Del.aye - wait on cyclic work i'l.elD 
D, De~ - other: 

1, Pa.liced while men work. 
2, other 

'lbtal - vorkeite 

~ 

E, Travel to, :rrom, or betweon workaitee 
F. Supporting worl<. 1toma 
G. Dela;re 

Total - other 

TOTAL 

Total \."Ork iteme on aaeigned operation 
(A+ B + E + F) 

y tMlll.Oa. on -...e, ole-.an.aa.. 

Percent 
of NAl1T 

8 
3 

38 
5 -!2 

54 

30 
8 

J! 
...!!§. 

J.00 

li9 

Perf'oniance 
( Avg per ho\ll') 

9 .1 two-lane mi 

l.4 two-laruo mi y 

(23 mph) 

TABIB 176 
PAJNT CENTERLINES AND EDGELlllES ON l'AV!lllBlml -

DI8'l!lllll!JTIOll Of 9~ llOUJlS !IAIII' FOR &rl!ER 'rl\lXKS1 PICKIJPS A..'lll AUl1l6 
ASSlll!IED TO Y.UVC: PAVEMllll'IS, CIXA.~ PAVl!lt:!ml, Al1D PAlm CE!i'l'SRLili!S 

OR NO PAllSJliG LINES 

location and 1 tem 

A. Cyclic worl< items: 
l. BlBde dirt w1 th to""d groder 
2. Broom dirt w1 th power broom 
3. Appl,' sci.d vi th •P~-..r 
4. Put out Md pt.ck up w.m.1.ng blocks 
5. M:>ve ahead to new vork. area 

B. Supporting work 1-.i 
C. Delays - wait on cyclic vork item. 
1). Del..ayu - other: 

l. Parked Wile men work 
2. other 

Total - work.Bite 

~ 

E. Tre.vel to, :rrom., or between wol'keitee 
P. Supporting work items 
G, Deleys 
R. Non-supporting work items and del.aya 

Total - other 

TOTAL 

'IbtDJ.. vorl!: 1ie=a on BHigned operation 
(A• B +Ii+ P) 

TABIE 178 

Percent 
of' NAWT 

l 
l 

'ti 
3 

27 
4 
9 

..l 

59 

..!!!. 
100 

46 

Perfo?mBnce 
(Avg per ho\ll') 

9 .1 two-lane mi 
4.4 tw-lane mi 
9 .9 two-lane mi 
5,9 tvo-laruo m1 
(12 mph) 

(31 mph) 

PAntT CEll'ffll\LIIIES Alfi) IIDGELINES ON PA\lltMY.!l'lll -
llm'1lillml)M OF 3 HOURS NAWT FOR POWIIR B!IXIM9 AllSillNl!D TO 

CIEAN PA'IEMlm'l'B 

L::ice.tion and item 

~ 

A. Cyclic work items: 
1. Broom dirt 

B. Supporting wrk items 
C. DelayB - wait on cyclic vor:k items 
D. Del.aye - other 

Total - worksi te 

E. Travel to, from, or between workeitee 
11. Supporting wrl<. 1-.i 
G, Dela;re 

Total - other 

TOTAL 

Total work items on aeeigned opemtion 
(A+ B + E + F) 

l l!acod OD 11111,oo cleanod. 

Percent Perf'o:rmance 
of NAWT (Avg per hoW') 

32 4. 4 two-lane m1 
5 

..!t 
41 3.4 two-lane mi !/ 

37 (33 mph) 
7 

!1 
..22 
100 

81 
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( t) Erect, repair, replace, or paint signs and. guideposts. Labor ti.me 
expended on this operation amounted. to l.8 percent of TAWT in the three
county control area. Signs, signp·osts, and guideposts were numerous on 
most road. sections. An inventory disclosed that rural sections averaged 
ll signs, 9 signposts, and lO guideposts per mile. In urban areas, sec
tions averaged 52 signs, 43 signposts, and 2 guideposts per mile. There 
were also many reflectors which were not counted although any work in
volving them was considered to be part of this operation. Maintenance 
crews performed many different types of work on these installations. New 
signs, reflectors, and posts were erected; existing signs, reflectors, 
and posts were replaced when they became damaged or illegible; posts were 
realigned when they became crooked; and guideposts wei~ painted periodically. 

Crews assigned to this operation usually consisted of 2 or 3 men and 
a truck or pickup. Most work was performed with hand tools but sometimes 
crews utilized electric power augers or tractors equipped with power augers. 
When these power augers were used, the crew almost always included three 
men. The exact procedure followed at each worksi te depended on the type 

Figure 41. Tractor with power auger 
digging hole for guidepost. 

Figure 42. Digging hole for sign 
post by hand. 

of work being done, crew size, 
and tools available. 

New signposts and guide-
posts were erected by two-
and. three-man crews. Two
man crews usually dug post 
holes by hand. They then in
stalled posts and backfilled 
them with aggregate. A sim
ple wood template and carpen
ter's level were used. to po
sition signposts at the cor
rect distance and elevation 
from roadway surfaces. Three
man crews followed the same 
procedures for erecting new 
signposts and guideposts but 
usually partially dug post 
holes with power augers. New 
signs and reflectors were 
sometimes erected by the same 
crews which erected posts. 
Signs were installed on posts 
before they were installed in 
post holes; reflectors were 
installed after backfilling. 
In other cases, signs and 
reflectors were erected sep
arately by two-man crews. 
Replacement of existing signs, 
reflectors, signposts, and 
guideposts was done by two
man crews. They removed ex
isting installations and. put 
in new ones using the same 
procedures described for 
erecting new signs, etc. 
In many cases, only posts 
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needed replacement, so all existing signs or reflectors were transferred 
to new posts • Usually two-man crews handled repair work. They straightened 
bent signs and crooked pos ts, backfilled loose posts, replaced broken bolts, 
and t ook care of other minor work. Guideposts were sometimes painted by 
one man, but often there were two men on the crews which handled this work. 

Production studies were made 
on crews engaged in several dif
ferent types of sign work. 
Study data have been presented 
in four groups to facilitate 
comparisons. These studies 
showed that crews of 2 or 3 men 
lost 35 to 50 percent of' their 
NAWT due to travel, move ahead 
and waits while other men 
worked. Observations and anal
yses indicate that many types 
of sign work could be physi
cally perf onned by one man. If 
one-man crews were used for 
most work there would be a sub
stantial decrease in the time 
lost on travel and delays, and 
production per man could in
crease to the point where one 
man could install, replace, or 
repair 70 to 85 percent as 
many signs and posts per day as 
the average 2- or 3-man crew. 

TABLE 180 
!l!lEC1' , !Uil'Alll , lUlPLl,C'6 on r.um: s:uma AND 011IDB1wrs -

DwmDJW'IOII OF ]3 llOURS IIAll'J' POll TBllCXB AND PlllKllP8 ASSIGNED 
TG ERECT !!Ell 6IGIIPOSTS .AND GUIDEPOSTS 

IDcati on and 1 tBD. Percent Perf'orma..nce 
of NA.-r (Avg per hour) 

~ 
A. Cyclic "WOrk itElllS: 

1. ltlve ahead to new wrk area 
B. ~rtlng wrk items: 

1. I.Dad or unload posts 
2. load and unload men 
3. other 

C. Delaya - w.it on cyclic w rk item 
D. Del,aytl - other: 

1. Parked vbile men work 
2. Other 

Total - workeite 

~ 
B. Travel to, :from, or between vorksites 
F. SUpportlng wrk items 
G. Delay& 
!I. lfon .. eupporti.Dg wrk items and del.aye 

Total - other 

Total work items on aseigned operation 
(A+ B + E + F) 

1/ Based Oil poets erected. '!J 0 .5 pe""'1lt or 1eee. 

6 (22 mph) 

8 
5 

.J. 16 

47 
2 

-!!2 
3.0 posts y 71 

18 
4 

(31 mph) 

1 
JI 
~ 

100 

44 

TABIE 179 
ERECT, REPAIR, RE;PLACE OR PAINI1 SIGNS AND GUIDEPOSTS -

DISTRIBUTION OF 19 HOURS NAIil' FOR MEN ASSIGNED 'l'O EREC'l'- NEW 
SIGNPOSTS AND GUlDEPOSTS 

LOcation and item 

A. Cyclic writ items: 
l. Dig poet hole by band 
2 . Die poat bole with electric _pavor 

•usor l/ 
3. Dig poati:.ole with tractor munted 

power aue;er !/ 
4 . Install post in hole 
5. Eackfill poet by hand 
6. T- bRckfill by hand 
7. M3,.neuver to dig post bole 'With 

t:re.ctor ... mounted &\J8er 
8, Move a.head to new vork area 

B. SUpporting wrk items 
C, Delays - wait on cyclic wrk item: 

l. Wait on dig poet hole 
2. other 

D. Delays - other 

Total - worksi te 

~ 
E. T)?'&vel to, from, or between 110rksites 
F . Supporting wrk iteme 
G. Delays 
H. Non-supporting writ items and dal.aye 

Total - other 

TOTAL 

Totu.l, wrk ttmo on assigned operation 
(A+ B + E + P) 

Percent 
of RAWI' 

11 

1 

1 
4 
5 
4 

1 

..1. 

11 

....! 

34 
11 

12 
g 

20 
3 
1 
1 

69 

_l!,_ 

100 

68 

Per:fonns.nce 
(Avg per hour) 

5.6 poets 

16.1 poets 

30.0 poets 
17 ,0 poets 
17,6 posts 
24.1 posts 

2.6 poets y 

1.3 poets 'ij 

0 . 9 poets y 

y Tl>••• holea wre parl;IAUJ dug by bond. y l)aned on poets oroct<!d. 

TABIE 181 
ERECT, REPAIR, REPIACE OR PAINT SIGNS AND GUIDEPOS'IS -

DIBTIUBUTION OF 9 HOURS NAWT FOR TRACTORS ASSIGNED 'l'O ERECT NEW 
SIGNPOSTS AND GUlDEPOSTS 

Iocation and item 

Worksite 
~c work items: 

1. Dig post holes with pcw:r auger!/ 
2 . t,'.(UWluver to dig post bolee 
3. ltlve ahead to ney vork area 

B, Supporting work items 
c . Dele.ya - wit on cyclic work items: 

1. Wait on dig poet bole by hand 
2. Wait on 1.Dstal.l post 
3, Other 

D, Delays - other 
Total. - worksi te 

Other 
E.°'"Travel tq, from, or between worksi tee 
F. Supporting work i tema 
G. Delays 

Total - other 

Percent 
of NAWT 

12 
5 

10 
- 27 

4 

4 
22 
2 

- 28 

~ 

8 
2 

17 

73 

-E 
TOTAL 100 

'lbtal. Y0'1.1t items on assigned operation 
(A + 8 ♦ E + F) 41 

Performance 
( Avg per hour) 

30 . 0 holes 

(11 a,ph) 
13 .6 ho1ee 'ij 

5.0 ho1ee '3./ 
(14 mph) 

y 'Illes& holes were partl y du,a: by- bo.nd. g/ Based on holes actually dug , 
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8111m'., RRPAIR, RtPt.ACK CIR r.ura SIOSS Am> OUllEFOOl'8 -
DIIIJRIWl'.IOD 01I 9 IIIJU!tS IWll' l'OR l!J>I ASSIC211!D !O llllOO? 
f!f.11 llIGll8 AIID J'l&ttl>.CToRS (011 1'111-'VTOUSIJ: Elml'llO roe'8) 

Location and item 

~ 
A. Cyclic vork itana: 

1, IIletal..l sign on poet 
2. Install reflector on poat 
3. We.lk ahead to llBW work 11.na 
4. !it>va ahee.d to new work area 

B, ~rttng wrk itans 
C, Del.aye - w.it on cyclic work item. 
D, Del.aye - other 

Total - llOrkaite 

~ 
E. Travel to, frc:n, or betveen wrksitee 
F, Bupporting wrk items 
o.~ 
H, Noa.-O\lltPOrling wrk iteme and d.elaYtl 

Total - other 

TOTAL 

Total. wrk items on aeligned operation 
(A+ B + E + F) 

!/ Eased on signs :plUB reflectors erected. 

TABLE 16< 

Percent Peri'o:nnance 
of HAVI' (Avg per hour) 

5 12.9 oigns 
11 ll.3 reflectors 

5 
!Q 45,6 eiglle and 

31 reflectors Y 
9 

2 
"6 29 .1 eigni, and 

:reflectors !/ 

30 
15 
6 

....!c 
2!! 
100 

13.3 eigoe and 
reflectore !/ 

65 

S1ll'.Wl', RSP>.n, mt.ACE OR PA.UI? SIQ-!m AKO ~ -
DJlffllllml0ff Ol' '3 IDJlt3 W1r - 'MS!! A!lalll!lllD 'tO l!llttT l1EV SIGNS 

AND BlGffPOO'l'B Kl SAME T1ME 

IDce.tion 8.Dd item 

~ 
A, Cyclic wrk itemo: 

1. Dig post hole by band 
2. Install poet in hole 
3, Back.flll poet by hand 
•• "- backfill by hand 
5. Install sign on Jl(>st 
6. We.lk Ghee.d to nev vork ares. 
7, 1-bve llbead to nev vork area 

B, Sup:porting work i t811LB 
C, Dele.y,5 - w.it on cyclic vork item 
D, Ill?la,ya - other 

Total - wrksite 

~ 
E, Tmvel to, f'n:D, or betvaen 110rkaitea 
F, Supporting wrk itms 
o. Dellr,,yo 
a. Non••\IJ'l'orting wrk items and d.elay'e 

Total - other 

TOTAL 

Total work items on assigned operation 
(A+B+E+F) 

Percent 
of NAWI' 

11 
2 
2 
1 
6 

j 
27 

4 
5 

..1 
39 

r.1 
7 

10 
..1 

_..§! 

100 

79 

!/ 0.5 percent or lees. ,Y Based on posts erected. 

Ioca.tion and item 

Woi«ai .. 
~c vork item: 

1. "DJS poet hole by hand 
2. Dig poat hole with eleotr-ic auger- !/ 
3, Install poet in bole 
4, Backfill poet by hand 
5, 'l'ldO backfill by hAnd 
6. ~VO old pol\. \J,7 hand or with truck 

bed 
7, Be:move old eign from poot 
8. Install nev sign on poet 
9. Fe-position existing signs 

10. Straighten existing poste 
ll, Welk ehee.d to new vork area 
12, libve ahead to new vol'K ares. 

B. SV_ppo-rtiri,s w:rk .1toCIIII 
c. DD-1.Qtl, - w.lt en e~lic wrk items 
D. Del~ - other 

Total - workeite 
other 
~vel to, trom, or between w:rkeites 
F, Supporting work items 
C, Del~ 
H, Nonsupporting vork 1 tems and del~ 

TotBl. - o+.her 

Percent 
of NAWT 

3 y 
3 
3 
1 

1 
3 
5 
3 
1 y 

.130 
7 
2 

2 •5 
26 
10 
16 
..1 

55 
TOTAL 100 

Tot&l llOrk items on usign.ed operation 
(A+B+E+F) 73 

Performance 
(Avg :per hour) 

5,7 holes 
JO,0 posts 
36,1 posts 
56.0 posts 
8.4 eigna 

2,2 poets 'lj 

1,6 poets 'ij 

o.6 posts ,Y 

PerfottMnCe 
(Avg per hour) 

6.o holea 
36.0 holes 
10,2 poste 
16.4 poets 
47.1 posts 

6.3 posts 
22,5 eigne 
24.o signs 
6.o sigrui 
21.1 poets 

!f lllese boles vere partially dUg by hand. ,Y 0.5 per,:ent or less. 

TABIB 183 
r;swr, lll!PilP, Rlll'tA011 01! PAl?l'I' SlOl<S ,1!11) ~1'1 -

DJS"'11Ul'IOff 01/ 9 ftCUllS IIA\ll) !'OR 'l'!llCll& Alm PlCX\11'9 ASS?O!OO> ro ERreT 
!n01 810,:j AND -=,.. (Cl<( P1'1:VIOWLT e,o,:m, l'OS'(S) 

ll>Cation e.nd item 

Vondt.ci 
~e vork items: 

L Move ahead to new vork &rea 
B, &upport.1tla wtfs 1\fflM: 
c. no.uya - wa.u. on o,)'Qlic "°rk 1 tell 
D, Del~ - other: 

1, Parked vhilo 111en .rork 
2. other 

Total - wrkai te 

OU.Or 
~'ttll to, fram, or between wrkoites 
F, Supporting vol'k: ite&a 
G, l>tlll'Q'"I 
B. 1ioru.upporting w:rk itetna and delaye 

Total - other 

wrAL 
Total vol'K items on &edgned operation 

(A ~ D I E + P) 

TABIB 165 

Percent 
or NAWT 

29 

10 ,. 

2 
- 11 

30 
3 

21 
l 

•5 

-_22 

100 

Perto:noance 
(Avg per hour) 

(28 mpb) 

62.3 eigns and 
reflccton !/ 

(32 mph) 

EHEC"f', RSPAU, mt.ACS OR PADIT 8l0!.'S ,um GUIQU'OB'I'S -
mst1t'.1111UCB a, JO ~ HAVr FOR 'lRJO~ AJID PICJolJPS ASSlmllD TO ERECT 

SIGNS AND SIONPOS'l'S J.!r SAME TIME 

Location e.nd item 

~ 
A, Cyclic work items: 

1. J.bve ahead to nev vork area 
B, S~rting vork itBIIB 
C, Delays - w.it on cyclic work item 
D. Delays - other: 

1, Parked Wile men wrk 

Total - wrll:eite 

~ 
E, Tra.vel to, tram or between wrk.sites 
Y. SUpportiog work it«za 
G. Dela;-s 
H, Non-supporting ,rork itane and delays 

Total. - other 

TOTAL 

Total 110rk items on assigned operation 
(A+ :B + E + F) 

!/ lloeed on poets orectad, 

TAlllE 187 

Percent Per-fo:rmance 
of NA~ (Avg per hour) 

(16 mph) 

g2_ 

38 4.6 Jl(>ete !/ 

41 (30 mpb) 
7 

12 
_g 

~ 
100 

57 

DISTRI~~~ :t~ ~~\~:~~~~REPAIR 
ON REPLACE SIGNS, SIONPOSTB AND GUIIm'OSTS 

L:,cation and item 

~ 
A, Cyl:llic vork it43116: 

L llemove old poet vi.th bed 
2, l,i:Jve ahead to new wrk e.rea 

B. SUpporting vork itecu, 
C, Delays - wit on cyclic work item. 
D, Delays - other: 

1, Parked while men wrk 
2, other 

Tote.1 - wrksite 

~ 
:E. Travel to, 1'ram or between -work.sites 
F, Supporting work itea.s 
G, Delays 
H. NoD-BUllPOrtillg work items 

Total - other 

TOTAL 

Total vork itBD.B on e.esigned operation 
((A+ B + E + F) 

Y O. 5 :pereent or less. 

Percent h.rl'On::=.:Jl:o 
of NAWI' (Ava ~er hmlr) 

y 
J (32 mph) 

32 
1 

7 
7 

-ll 47 

26 
7 

17 
.2 

21 
100 

(29 mph) 



Section E 

MANAGEMENT STUDIES 

1. Background 

Management functions invol ved in maintenance operations were studied by 
the special study group. These functions included (1 ) organizational 
structure , (2) staffing, (3) policies, (4) control s, and (5) utilization 
of supervisory personnel. These investigations were made by several 
management specialists who used recognized management study techniques. 

Data and information were obtained from reviews of State records, 
publications, questionnaires, and interviews . The material obtained 
formed the basis for several of the conclusions and recommendations in 
the study report. 

2. Utilization of supervisory time 

One of the management investigations covered utilization of supervisory 
time. Since resident maintenance engineers comprised the largest single 
group of supervisors (above the foreman level), arrangements were made to 
sample the distribution of their TAWT. Fach resident engineer was asked 
to keep a relatively detailed account of his time for 6 different weeks 
during a six-month period. The data submitted were averaged and summarized. 
Table 188 presents the results of this survey. 

3. Yianagement g_ue s t i onnaire 

A management questionnaire was prepared and sent to a number of engineers 
having responsibility for maintenance operations. There were 68 questions 
on this questionnaire covering policy, operating procedures, personnel, 
and other matters. It should be pointed out that many of the questions 
were open to interpretation, and part of the variety of answers given 
to some of the questions can be attributed to individual opinion as to the 
response desired. Nevertheless, there existed a considerable difference of 
opinion as to who had responsibility for what operations and functions. It 
points up the need for adequate job guides and an up-to-date policy manual. 

Table 189 gives 22 out of the total of 68 questions asked. Listed be
side each question are 5 of the answers received from a total of 21 recip
ients who completed the form. Although each square represents an answer 
from one individual, all of the answers in a column are not necessarily 
those of one person. 

153 
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TAllLE 189 

SELECTED RESPONSES TO MANAGEMENT QUESTIONNAIRE 

Selected Queat ion.a Action 
Selected Ansvera £./ !) 

Postpone maintemmce betterment work in A . Dist. Engr. -anticipation of reconstruction. B Diet . Engr. Chief Engr, Dist, .Eogr. 

C Maint. Engr. Commission Maint. Eng,r. 

Give engineering supervioion to the A . Sta:ff of M. E, Dist. Engr. 

statewide force of District Mainte- B . Aaet . M, E. Central Ofi'ice 

nfl.tltti !ns.t.bttu.r;,. C Ma.int. Engr . Ma int. Engr. li!ngr. Director 

Give engineering supervision to Division A . [ME RM& 

Maintenance Engineers. B . Piet. Engr. Dist. Rngr. 

C Diet, Engr . ft,o.int. Engr. Central. Office 

Do::r:gt.'"to~~ ~=r:a e~: A Ma int. Engr. ll-lE Ma.int. Engr. 
tl'6C1. "Orie, and ,p.re_pnro an .apl)roprlate B Chief Engr. Dist. Engr. Auditor ~:t:;. rt.qw;at. fOJ' n atro,t<-vido bifl,hwe.,y 

C Com:oission Mo.int. Eogr. Chief Erutr, 

Have full responsibility for the mainte- A - Dist. Engr. 

ne.nce of a system of highwys within a B . Jl,IE Me.int, Engr. 

District of 10 to 20 coontian. C Dist. E11J;r , Ma int. Engr. Chief Eog.r , 

Give approval to city and village sign A RME Dist. Engr. ~IE 

and signal, me.int.enwice contracts. B r.lE Ma.int. Engr. Dist, Engr . 

C Ma.int. Engr, Coomisaion Ma int. Engr. 

Give approval to county} city, and villase A - ~IE Dist . Engr. 

agreements for local road maintenance B DME Dist. Engr. f\aint . Eagr, 

by the State. C Ma int. Engr. Mo.int. Ee.gr. Commiseion 

Give approval to city and village agree- A Dist. Engr. . ll!-IE 

men ts for maintenance of trunk routes. B Maint. Engr. . Me.int. Engr. 

C Corlil~iesion . Commission 

Supervise the mechanical repairs including A County Mech. Traveling Mech. County Mech~ 

major overhauls, B Dist . Mech . - Dist. Mech. 

C Supt, or P & E Dist. Engr. Dist. Engr . 

Determine number of mechanics, stock A - .!!/ Supt . of P & E Dist. Mech, 

clerks} and other shop personnel to be B Dist. Engr . !±/ Maint. Engr. ~t. of P & E 
employed, their location and org. C Maint. Engr. !!,_/ Commission D,l.r . of Services 

Make determination on pieces of equipment A Dist. Engr. Dist. Mech, m.m 
to be purchased and their location. B Ma1nt . Engr. ll-lE Dist. Engr. 

C Chief Engr. Ma.int. Engr. Ma.int. Engl'. 

Make determination as to the number of A . [ME J,iaint. Engr. 

foremen to be appointed, their jurisdic- B Ma int. Engr. Maint. En.gr, Personnel 

tions, and the line of conmand. C Chief Engr. & Com Director of Engr. Conruission 

Recoomend or approve mild disciplinary A . 111'-E Foreman 

1:1.ctions. B . Dist. Engr. ~IE 

C Fo~n/la~~ys5; t-laint, Engr , Dist. Engr. 

Within statewide policy, decide on exten- A . Dist. Engr . Foreman 

siveness and frequency. of roadside B . . mm: 
ir.ovin(j within a district. C Dist. Engr. Ma.int. Engr. Dist. Ene;r. 

Determine ml.ether storage garages are to A - Foreman Supt, of P & E 
be heated, provided with grease pits, B Diet, Engr . - . 
etc. C Ma int. Engr. IlME Ma int . Engr , 

Determine 'olhen equipment is to be traded A Dist. Mech. Diet. Mech. RME 

or declared obsolete, B l>ist. Engr. Ill-IE Traveling: Mech. 

C Me.int, Engr . P & E Engr. fu~!in~: ~n~r~ 
Personally direct emergency work during A Rl>IE Foreman . 

and following extensive flooding of B . RME . 
roodwaye . C Maint. Engr. !»IE Dist, Engr. 

M!lk.e final acceptance inspection for A . J;ll!I . 
maintenaoce contra.ct wrk. B . Dist , Engr. . 

~ 
Commiss ion or 

C t-tnint. Engr. JJ.!l! 

Determine e.dequacy or upkeep of traffic A - RIIE Foreman 

signs, m11rkingsJ gus.rd rans, lighting} B . ~IE . 
■ twi.olio-, etc. C Ma.int. Engr . [ME RM& 

Erect stop sign ,,here coupty road inter- A . Rl>IE Foreman 
sects State highway. B - Dist. Engr. -C Fcnnaan Diet. En.gr. Hwy. Plan. Enar, 

Temporarily close roads for repairs . A . - Foreman 

B Foreman ll•IE Rl>IE 

C - Diut. ~uP-r, Central Of!'ice 

Designate teillllore.ry no passing zone . A Foreman Foreman 
B . RME . 
C Foreman T &: S Engr. -

l../ A .. Initial reconaoende.tion or actions; B • Recommend approval; and C = Final decision. 

]/ All answers in a column are not necessarily those from the same individual.. 

Dist. Ens;r. 

Me.int, Engr, 

Div. of EOBr, 

. 

. 
Asst, M. E, 

C.IE 

Dist. Engr. 

f.taint. Engr. 

Dist. Engr. 

Ma.int. Engr . 

Commission 

Foreman -Dist. Ef18r, 

(J/) 
u/J 
(l/) 

. 

. 
ll.1£ 

~IE 

J:i,!E 

Ma.int, En.gr. 

Foreman -Dist, Mech. 

Supt. of P & E 

Dir. of Services -Jl,IE 

Jl,IE 

RME 

Dist. Er18:r. 

Ma.int, Ensr. 

Foreman 

.l1ME - . 
. 

...,,_,, -DJ.IE 

Dist. En.gr. 

Dist. Mech. 

RME 

P & E Engr. 

. 

. 
Yo= 

~IE 

Dist. Engr. 

Ma int . Et18r, 

. 

. 
Dist. Engr, 

. 

Hwy. Com, 

Foreman 

Rl>IE - . 
. 

T & S Engr. 

]./ No \!Ontra.cts "1th cities for sigoal maintenance and no contracts for local road mBintenance, respectively. 

'!±/ Ames Shop: Superintendent of J>roperty and Equipment, Maintenance Engineer and Commission, respectively, 
2,/ Resident Maintenance Engineer makes final decision in cases of extended suspensions, 

Foreman -Dist, J~n ... r. 

IlME 

Plat . Engr . 
liu.,. o)\/!a. 

. 

. 
IJIE 

. 

. 
Y41.ot. £run-. 

R-0! 
D111,, Engr. 

Me.int . ~r. 

Dist. Engr. 
T & H Plan. Engl 

Commiseion 

(J/) 
(J/) 
(J/) 

. 

w.s 
Y.ech,wlt;: 

-
ms 
J;J.1£ -Noint . Engr, 

!IMl? 
mi: 

~.olnt. ilrlG>', -IlME 

Dist. £i>u. 

Foreman 

. 
11112 

l1l 
. 
. 

11:F. 
Ma..tnt. Engr . 

Ca:m:t tJG-1.on 

nt.t. tt.ech. -P & E Engr . 

. 

. 
Rl>IE 

. 

. 
Diet. f.nar-

. 

. 
'l & H Plan . Engr, 

Yo""'"" 
fl,lll 

~ 

J'0!"01:tln 

F)l!I ,.., 
. 

D1•t. Engr. 



Section F 

SPECIAL STUDIES 

After early results from the field study program began to come into 
the study headquarters office, it became increasingly clear that special 
studies would be required of a variety of subjects to provide the over
all picture of maintenance operations that was desired. This need con
tinued throughout the field study period and on into the analysis period. 
Some of the special studies were made by consultants while others were by 
members of the study group. 

It is believed that the information developed from some of these spe
cial studies will be of maximum benefit to those concerned witn mainte-
nance by leaving the reports in tneir original form. 
identity of each report and its author is retained. 
reports are presented in this section: 

For tnis reason the 
The following five 

1. Study of Property and Equipment Division Shop - Ames, Iowa, 
by William C. Arnwine 

2. Planning for the Operation Seal Bituminous and Concrete 
Pavements by Study Group Staff 

3. Span of Control as it Applies to the Maintenance Foreman 
by Harold A. Cowles 

4. Study of Work Efficiency During Overtime Periods 
by Harold A. Cowles 

5. Analysis of Accidents Involving Field Maintenance Employees 
by H. A. Padgett 
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STUDY OF 
PROPERTY AND EQUIPMENT DIVISION SHOP-AMES, IOWA 

by 

William C. Arnwine 

SUMMARY 

The results of this study showed the personal activity rating lJ of 
the property and equipment shop employees to be 77. 4 percent. The per
cent of total time devoted to productive work (excluding supporting 
work) was 64.6 percent. 

A comparison with the same type of activity in one of the nation's 
leading manufacturers show that the property and equipment shop employees 
had a higher personal activity rating than the maintenance employees of 
the manufacturing company. 

Analysis of these data indicates that a future personal activity rating 
of 89.3 percent could be obtained. Achievement of this goal is directly 
dependent upon the adoption of an aggressive program which results in 
decreasing the time spent on walking, procurement of tools, and materials, 
preparation and cleanup, and nonproductive elements. 

OBJECTIVES 

Three objectives were established for this special study. 

1. To determine the personal activity rating of the property and 
equipment division shop employees. 

2. To establish a base point to which future performances can be 
related. 

3. To point out the most profitable areas to be investigated to gain 
maintenance improvement. 

PROCEDURE 

This study was designed to measure the personal activity rating of the 
property and equipment shop personnel through use of the work sampling 
technique. It does not take into account the actual effectiveness of the 
work methods being used or the rate at which work is being accomplished. 

1/ Personal activity ratings are described in the paragraphs devoted to 
discussion. 
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The rating reflects a measure of the time spent by the shop personnel on 
the job plus additional allowances for essential supplemental work, in
cluding necessary walking time. 

Personnel covered 

This study covered all the personnel in the equipment repair shop, the 
wood sign shop, the property a nd equipment warehouse, and the service 
garage, a total of 54 men. Sampling r outes were so designed that the 
majority of the employees were covered on each trip. The number and em
ployee group of personnel studied are shown in the following tabulation. 

No. EinJ2lo~ee ~roup No. EinJ2l O;r!:e group 

12 Engine mechanics 4 Supervisors 
5 Car - bus mechanics 4 General store clerks 
3 Machinists (mechanics) 1 Equipment parts clerk 
4 Utilities mechanics 4 Store warehouse clerks 
2 Miscellaneous laborers 6 Paint shop employees 
1 Tool room clerk 4 Carpenter shop employees 
1 Office clerk ..J. Service garage employees 

54 Total 

Method of sampling 

All samples, or observations, were taken by Iowa maintenance study per
sonnel. The activity of studied personnel was divided first into three 
broad categories which are essentially the qarne as used for production 
studies and then further into 13 elements. A complete description of the 
elements used are as follows: 

1. Productive work items 

(a) Working. A man is applying physical effort or attention to a 
tool, equipment, or material-in the accomplishment of a job. 

Example - Drilling a hole Oiling equipment 
Tending a lathe Using a wrench 
Connecting a power tool Inspecting parts or equipment 

2. Supporting work items 

(a) Preparation and cleanup. 
shutting down a job or shift. 

Example - Checking work order 
Arranging work space 

A man is engaged in preparing for or 

Cleaning work space during and 
at completion of the job 

Wiping tools after job 

(b) Procure t ool s. This element represents the procurement and dis
posal of tools necessary for job performance 

Example - Transactions at the tool room window 
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(c) Procure materials. This element represents the procurement of 
material necessary for the job. 

Example - Transactions at the storeroom. 

(d) Wa lk empt y . A man is walking to and from the job emptyhanded. 

(e) Walk loaded. A man is walking to and from the job with tools 
and equipment. 

(f) Give and receive instructions. Two or more men are talking a
bout a job or a man may be receiving instructions from the foreman or 
supervisor. 

3. Delays 

(a) Waits a ssociated with productive work . This element represents 
waits associated with operating cycle work items. 

Example - Wait until another man completes a task such as drilling 
a hole or removing an engine head. 

(b) Waits associated with related work. This element covers all 
waits associated with related work. 

Example - Wait until man returns with tools or material. 
Wait until man cleans spilled oil. 

(c) Maintenance - r epair shop equipment . This element represents 
any work done on shop machines or t ools. 

(d) Start late - ~uit early. This element represents late starts or 
early quits at morning, noon, and evening. 

(e) Per sonal . Personal delays include 
marily for their own comfort. 

Example - Put on or remove clothing 
Coffee break or drink of -
Eating during working hours 

all actions taken by men pri

Smoke 
Blow nose - wipe forehead 
Call of nature 

(f) Idle. Idle delays occur when men kill time. Two or more may 
stop to talk or a man may just stand around. 

Example - Talking Sleeping 
Dreaming Horseplay 

Randomness 

Three procedures were used to minimize bias and assure that random 
samples would be taken: 

1. The days on which the observations were to be made were selected 
for study on a random basis. 

2. The time of day was selected on a random basis. When the study 
was completed it was observed that all parts of the day had been studied. 

3. Five different sampling routes through the shops were selected on 
a random basis. 
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Accuracy 

The statistical accuracy of this type of study is dependent on two 
things: 

l. The total number of observations 
2. The number of observations in the category to be measured. 

The "productive category" is the basis for computing the personal 
activity rating. The final statistical accuracy of this overall study 
was± 1.04 percent as shown by the following computation: 

E 2 J<o.646)(0.354) 
8,434 

E = O.Ol04 or 1.04% 

Where E = the absolute accuracy 
P = the percent of observations in 

the category being considered 
expressed as a decimal 

N the total number of observations 
taken in the study. 

In other words, the true percent productive for all shops personnel 
will be between 65.64 percent and 63.56 percent 95 times out of a hundred . 
The study showed the percent productive was 64.6 percent. 

RESULTS 

Computation of personal activity 

The personal activity rating was computed by taking the sum of the 
following: 

1. Sampled productive effort (percent of time actually productive) 
2. Supplementary allowances for preparation and cleanup, and procure-

ment of tools and materials. 
3. An allowance for walking. 
4. An over-all allowance for personal needs and fatigue. 

The personal activity rating may be expressed as a formula: 

Y = (lOO% + X%) (A+ 7,5% A+ T) 
Where Y = personal activity rating 

X = personal and fatigue allowance= 10% 
A= percent of total time devoted to the productive category 

= 64.6% (See Table 190 for time utilization in percent) 



7.;/{, A= supplementary allowance, covering activities not productive 
themselves, but required in order to accomplish productive 
work. The analysis of these data indicates that 7.5tfo of the 
"A" category realistically represents an acceptable allowance 
for supplementary activities. This supplementary allowance is 
then added to the "A" category to make it more representative 
of the activity of the property and equipment employees. Thus, 

7-5% A= 7.5'fo X 64.6% = 4.81>. 
T = Walking allowance= percent of day spent in -walking= ltfo. This is 

an estimated figure based on an average walking distance 
allowed. This average distance was multiplied by a constant 
of o.4 minute per 100 feet of movement. This calculation in
dicated walking to be less than 1.otfo per day, but the value 
of 1.otfo per day was used. 

Substituting in the formula, the personal activity rating during the 
study was: 

y -= (100tfo + 10%) (64.6% + 4.81, + 1.o'fo) = 77 -~ 

TABLE 190 
TIME UTILIZATION Ill PERCENT y 

( Corrected to include break periods) 

Category A Cate gory B - Supporti ng work 

No. 
Employee group in Prepa- Get Give 

group Productive rat.ion a nd 
Get Walk Walk and 

and mate- load- raao.ivt1 work clean- return rials empty c d 1nBtnu:-t ools 
up tions 

Engine mechanics 12 63.8 1.7 1.3 2.6 5.7 3.5 4.7 
Car - bus mechanics 5 59.2 2.1 2.0 4.8 7.9 5,5 4.6 
Machinists - mechanics 3 69.0 7 .3 0.9 0,2 3 .8 2.8 5.1 
Utilities mechanics 4 65.9 2.6 1.1 o.8 5 .2 3.5 6.4 
Miscellaneous laborers 2 63.5 3.8 - o.6 9.8 7.1 0.9 

Tool roam clerk l 63.2 2.0 0.5 0.5 7.4 2.5 1.0 
Office clerk 1 64 .9 3.5 - - 5.9 5.9 4.1 
Supervisors 4 63 .6 0.2 - o.8 15.5 3.2 -
General stores clerks 4 60 .7 1.6 - - 9.8 4.2 3.5 
Equipment parts clerks 1 72 .9 1.0 - - 6.8 5.4 4.4 
Stores warehouse clerks 4 57 ,l 2.4 - - 8.o 2,1 Ll 

Paint shop employees 6 75.9 3,5 0.1 0.3 4.7 3,5 1.2 
Carpenter shop employees 4 68.6 3.1 - o.6 7.5 4.3 2.8 

Service gar&ge y 3 60.3 1.7 0.5 - 6.2 1.7 1.5 

Weighted average 64.6 2.5 0.7 1.3 7.3 3.7 3.1 

Y. A total of 8,434 observations were made. 
"y The service garage was open hours during which no saai:pling was done, thus these 

figures me.y not be f'ully representative of conditions existing at the garage. 

Cate gory C - Delays 

Wait Wait 
for Start 

Per-
for late 

I dle ,Produc- •up- and 
eonal tive port- quit ing 

work work 
early 

7.6 6 .6 1.3 0 ,5 0.5 
6.9 5.3 1.3 0.1 o.4 
6.6 3.4 o.4 - o.4 
6.o 8.5 - - -
6.6 7.1 0.3 - -
9.2 12.8 1.0 - -
9.5 5.9 - - -
6.9 9.5 0.3 - 0.2 

7.1 ll,2 0.3 0 .2 1.3 
6.1 2.4 - - 1.0 
7.0 19.6 o.4 - 2.3 

7 .1 2.9 0.7 0.1 -
7.2 4,5 o.8 - 0.5 

7,7 19.0 0.3 - o.8 

7.2 8.o 0.7 0 .2 o.6 

RepaJ.r 
shop 

equip-
ment 

0.1 
-

o.4 
-
-
-
-
-
--
-

0.1 
-
-

0.1 

Total 

100 
100 
100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 

100 

100 
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Improvement goals 

To gain in the productive category, the percent of time spent in the 
supporting and delay categories must be reduced. These improvements can 
only be made if supervision has the opportunity of ma.king a closer ex
amination of the time spent in these categories and evaluating and devis
ing programs which will increase the time spent in category "A", produc
tive work. Study personnel made an analysis of this type. 

In order to establish a realistic set of values, it -was first necessary 
to determine the difference between the percent of time allowed in the per
sonal activity formula for supplementary allowances as compared with the 
percent of time actually observed· in these categories during the survey. 

Observed Calculated Varia-
Element time allo-wance tion 

Preparation and cleanup, procure 
tools and equipment and give and 
receive instructions 1,tf'p 4.81, 2 .£:4, 

Walk emptyhanded or loaded 11.a;i l.o1, 10.o1, 
Delay 16.9fo 0 16.gt,o 

The magnitude of the variation indicates possible potential for im
provement. In order to determine realistic goal values, each of the 
elements shown above is adjusted from its current observed value by an 
amount equal to one-third the variation indicated. Experience with this 
type of work in industry has indicated that calculation of goal figures 
from an initial survey in this manner is realistic and can definitely be 
attained if a vigorous improvement program is inaugurated. Using the 
one-third variation principle, the goals for the elements shown above 
would become: 

One-third of 
Observed the variation 

Element time cited Goal 

Preparation and cleanup, procure 
tools and equipment, and give and 
receive instructions 

Walk emptyhanded or loaded 
Delay 
Productive then becomes 

-0.9fo 
-3-3% 
-5-~ 
+9.8~ 

0 

6,7o/o 
7,7% 

11.21, 
74.41, 

lOO,o% 
The goal value for the personal activity rating can now be calculated 

by substituting the goal values in the regular formula, and adjusting the 
w.lk value proportionately to the change in the productive category (see 
formula below) : 

Yg = (lOal, + lo1,) (Ag+ 7,5o/o Ag+ Tg) 

Yg = llo1, (74.41, + 7.51, x 74.41, + 74.4 X 0.1) 
tiij:":-6 

Yg = 110')(, (74.41, + 5,6/fo +1.21,) 
Yg = 89.3'1, 



Computations which have been presented show how this study established 
an initial rating of 77.4 percent personal activity for the employees of 
the property and equipment shop of the State Highway Commission. Similar 
computations show how a realistic goal figure of 89.3 percent personal 
activity rating could be obtained if an aggressive program was undertaken. 

AUXILIARY STUDY OF EQUIPMENT PARTS ROOM 

Purpose 

The purpose of studying the equipment parts room was to: 

1. Determine if the mechanics were spending excessive time waiting at 
the parts window for parts. 

2. Determine if enough clerical help was provided to receive, store 
and distribute equipment parts. 

3. Determine if the demand for parts is evenly distributed throughout 
the day. 

Conclusion 

1. Time spent waiting a t parts window . The total waiting time by all 
the mechanics at t he parts window for one week amounted to only 68 minutes, 
or about 14 minute s per day . Of t his 14 mi nut es, about 5 minutes were 
spent for reasons other than to get supplies or parts. 

2. Workload of equipment parts cler k . The parts clerk actually spends 
about an hour per day servic i ng mechanics who come for parts, giving tech
nical advice, engaging in personal conversation, etc. This time does not 
include receiving parts, storing them, or writing store requisitions. The 
clerk does productive work 73 percent of the time, does related or supple
mentary work 17 percent of the time and is nonproductive 10 percent of the 
time. 

Since there is such a small amount of waiting time for the mechanics 
and since the clerk's workload appeared reasonable, one clerk is sufficient 
to handle the parts room. 

3. Daily distribution of workload. The clerk's work is such that it 
can be planned and evenly distr i buted throughout the workday. The clerk 
cannot control the scheduling of servicing mechanics at the parts window; 
however, this amounts to only one hour a day and it is distributed over 
the whole day. The peakload happens during the first two hours of the 
day when six to seven mechanics per hour are served. After 2:00 p.m., 
the load drops to two to three mechanics per hour. 
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Discussion 

Three different studies were made of the parts room operation. A pro
duction study was conducted in which one of the study personnel followed 
the parts clerk for one whole day timing with a stopwatch and recording 
the complete operation, including all delays, and a record of all per
sonal time taken. From this production study, it was determined that it 
took on the average 1.84 minutes to service a mechanic at the parts 
window. 

A work sampling study was conducted for a period of two weeks. It 
showed how the clerk spent his time during the day. 

A third study was conducted for a period of one week. A record was 
kept of each trip the mechanics made to the parts window. This record 
also indicated the time of day that each trip was made and indicated 
when a mechanic had to wait to be served because someone else was al
ready at the window. 

The conclusions of this report are based on the following calculations. 

TABLE 191 
TOTAL NUMBER OF MECHANICS SERVED AT THE 

PARTS WINDOW FOR A PERIOD OF FIVE DAYS 

Number of mechanics going 
Total for Time of day to parts window 
five days 

For parts Not for parts 

7:45-8:45 27 12 39 

8:45-9:45 22 9 31 

9:45-10:45 14 7 21 

10:45-11:45 10 7 17 

11:45-12:45 LUNCH 

12:45-1:45 16 11 27 

1:45-2:45 10 5 15 

2:45-3:45 8 4 12 

3:45-4:45 4 6 10 
-- - --

Total 111 61 172 



TABLE 192 

TIME REQUIRED TO SERVICE THE MECHANICS 
THAT WENT TO THE PARTS WINDOW 

Reason for trip 

For parts _ (1.84 X 111} 
60 

Not for part s _ ~l.84 X 61} 
60 

Total time to service mechanics= 

Hours 
per week 

3.4 

1.9 

5.3 

5.3 hr/week 

Hours 
per day 

o.68 

0 .38 

1.06 

or 1.06 hr/day. 
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The tabulation that follows shows how extensively use is made of the 
equipment parts room and the variation in use from person to person. For 
example, some mechanics did not use the parts room on a particular day, 
yet others used it as many as six times. 

No. of trips to 
parts room 

0 
l 
2 

3 
4 
5 
6 

Distribution of 
26 mechanics 

9 
5 
3 
4 
4 
0 
l 

26 

PERSONAL OBSERVATIONS AND OPINIONS 

Most of the mechanics enjoy their work of repairing and recondition-
ing equipment and would prefer not having to search for parts and follow 
up on ordered parts. Once a mechanic has begun to repair a piece of equip
ment, he would prefer to complete it and start on another instead of dis
assembling several pieces and not being able to complete them because of 
lack of parts. Also, he would prefer to reach at arm's length to get fre
quently used inexpensive parts instead of making several trips to write 
requisitions, locate the stores clerk, and wait for the order to be filled. 

It seems that inventory controls could be designed to permit automobile 
tuneup mechanics to keep a supply of parts, such as condensers , spark 
plugs, distributor points, etc., in a locked cabinet mounted on wheels to 
permit its being moved to the work areas. 

Personal conversations increase when the mechanics are forced to come 
into contact with other employees while traveling to get parts and while 
waiting for the parts at the store window, 
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As hard as the employees work in the paint and sign shop, they would 
much prefer the feeling that they accomplished more with the same effort. 

RECOMMENDATIONS 

The recommendations which follow represent those operations or areas 
of work where, in the opinion of the study crew leader, it should be 
possible to: 

1. Increase the personal activity rating 
2. Reduce the number of employees 
3. Increase the morale and incentive to work 

Automotive and e4uipment shop 

1. Provide self-service bins at the mechanics' work areas for small 
inexpensive parts, such as common nuts, bolts, screws, and other fre
quently used parts. 

2. Provide locked bins mounted on wheels at the tuneup mechanics' work 
areas for more expensive and frequently used items, such as condensers, 
spark plugs, and distributor points, etc. 

3. Make sure the mechanics use time and labor saving tools, such as 
power tools, semiautomatic equipment and speed wrenches. 

4. Improve the availability of parts by the following actions: 
(a) Stock a greater number and variety of parts 
(b) Reorder parts earlier so that the parts room will not be out 

of stock while the order is being filled. 
(c) Persuade local parts dealers to stock parts that would be 

desirable to have but uneconomical to stock by the property and equipment 
stores because of limited space, inf'requent use, or high cost. 

(d) Improve the practice of delivering parts to the mechanics at 
their work areas. 

5. Relieve mechanics of work that could be done just as well by 
another employee such as sweepj_ng the work areas and transporting parts 
and equipment. 

Paint and sign shop 

If the making of signs is to be continued as a regular program, then 
definite plans should be made toward designing or purchasing higher pro
ductive equipment. Almost all the work now done is manual. 

It was determined from the study that the employees in this group spent 
more time working than any other group; therefore, most improvements will 
have to come from a change in methods, not a greater utilization of delay 
and idle times. 

If the procurement of new equipment is accomplished, the following im
provement will increase productivity while reducing the number of men 
required: 

1. Construct a paint booth so racks with several wood barricade boards, 
or other types, could be pushed in and painted at one time with a spray 
gun. Presently, the painter gets the boards one at a time, lays them 



down and paints one side with a roller, carefully turns each over and 
paints the other side and edges; then puts them aside. 

2. Eliminate, if possible, the paper dividers used to separate the 
triangular shaped "No Passing,( signs when they are packed for shipment. 
If this could be accomplished, it would reduce the crew by at least one 
man. To accomplish this, first, send a few small sample shipments to 
determine if the signs really do stick together. If they do, try drying 
them by sending them down a conveyor under heat lamps or putting them in 
an oven. This would also provide additional space by reducing the drying 
time and reducing the number of drying racks presently re4uired. 

3. Four, maybe five or more, rolls of scotchlite material from which 
the "No Passing" signs are made could be unrolled together so four or more 
signs could be cut at one time instead of one. 

4. Redesign the silk screen stencil to include a power unit or some 
type of control linkage which would permit one man to stencil the letters 
on the signs instead of two men. 

Stores - property and equipment shops 

1. Reduce the store warehouse crew from four men to three men. The 
results of the study showed that the area was over-manned by one full
time man. 

2. Continue to use one man in the parts room. This clerk's workload 
can be reduced by changing work methods. One example would be to use a 
light hand truck or cart to transport several items instead of carrying 
two or three at a time by hand over a long distance. A more organized 
method of stocking and labeling of parts would be desirable. 

3. Use snapout carbon packs whenever forms need to be duplicated. 
Individual handling of single carbon sheets is very time consuming. 

4. Streamline and update methods of processing stores records. Elim
inate forms that are no longer useful and combine forms that give the 
same information. Use a small diazo type machine to duplicate printed 
material which is now rewritten by hand. 

Some of the above recommendations could be put into effect using the 
present personnel but others will need the attention of someone, such as 
a methods engineer, who can provide expert assistance, 
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PLANNING FOR THE OPERATION SEAL 
BITUMINOUS AND CONCRETE PAVEMENTS 

by 

Study Group Staff 

INTRODUCTION 

This report covers an examination of the operation seal bituminous and 
concrete pavements. It also examines planning and other considerations 
which are essential to achieving improvements in this operation. The data 
providing the basis for this report were obtained from studies of sealing 
on 18 different jobs. Two of the studied jobs are presented in detail, 
showing chronologically the activity of each man and each unit of equipment 
during a day's operation. An examination is made of the factors affecting 
the productivity of these two jobs. In the light of this examination, a 
schedule is set up for a selected sealing job in order to test the idea 
that planning would improve efficiency and increase production. Finally, 
the results of a trial run on the selected job are reported. 

MATERIAL APPLICATION RATES 

The rates at which asphalt and aggregate are applied during sealing op
rations provide a limited indication of quality of work. They are also 
worthy of note because of their effect on accomplishment. Adequate control 
of these rates is necessary to produce-quality work at minimum cost. 

There are rather obvious consequences attendant to deficient or excessive 
rates of application of asphalt, or aggregate,or both. Aggregate in excess 
of that needed to cover the asphalt is whipped off by traffic and often 
wasted in the ditch. Excess asphalt requires excess aggregate cover and 
frequently requires follow-up applications of gravel because of bleeding. 
Seal coats which do not meet specification can logically be expected to need 
early replacement. On all of the jobs studied, experience and judgment of 
the workmen were the only means for determining the proper rates of material 
application. 

State maintenance and construction standard specifications and the Con
struction Field Manual, provide for specific control in the quantities of 
asphalt and aggregate applied during sealing operations. These are as 
follows: 

Maintenance standard specifications 
Construction standard specifications 
Construction Field Manual 

Asphalt 

0.25 gal./sq. yd. 
0.30 gal./sq. yd 

Aggregate 

25 pounds/sq. yd. 
30 pounds/ sq. yd 
10 pounds/0.10 gal. 



Asphalt application rates for the 18 sealing jobs studied varied between 
0.15 and 0.50 gallon per square yard. Only on four jobs, did the rates 
fall between O. 20 and o .35 gallon per square yard. Aggregate spreading 
rates for the 18 jobs varied from 18 to 61 pounds per square yard. On 
eleven of the jobs, rates fell between 20 and 35 pounds per square yard. 
For all 18 jobs the quantity of aggregate per 0.10 gallon of asphalt varied 
between 5 and 27 pounds. Rates on only 6 jobs fell between 8 and 12 pounds 
of aggregate per 0.10 gallon of asphalt. 

Rates of accomplishment on the 18 jobs varied between 15 and 86 square 
yards of sealing completed for each man-hour of effort. From an examina
tion of data on the various studies, it appears that variations in material 
application rates was one of the factors affecting accomplishment. Obvi
ously, the number of square yards sealed with a 500-gallon distributor load 
of oil is a function of the amount of asphalt applied per square yard. On 
two jobs where the rate of accomplishment was 68 and 86 square yards per 
man-hour, respectively, the asphalt application rate was 0.15 gallon per 
square yard. On the other hand, one job was encountered where the asphalt 
application rate was 0.48 gallon per square yard, and accomplishment was 
at the rate of only 18 square yards per man-hour. 

LABOR AND EQUIPMENT TIME UTILIZATION 

Study data for the 18 jobs show very little uniformity either in crew 
sizes, number of equipment units utilized, and patching accomplishment per 
man-hour. This lack of uniformity is evident in the following figures: 

Number of men assigned to crew 
Number of equipment units per crew 
Square yards of sealing per man-hour 

Minimum 

4 
4 

15 

Maximum 

11 
10 
86 

It.is also significant that very little correlation exists between square 
yards per man-hour and the size of the crew or number of equipment units 
employed. Square yards of patching per man-hour were observed for dif
ferent jobs to be both high and low for large crews, but this was equally 
true for small crews. 

Data for all 18 jobs studied show, on the average, that about 45 per
cent of crew NAWT was nonproductive, 35 percent was expended on supporting 
work items (including travel, haul and return), and 20 percent was pro
ductively used for sealing. These figures suggest that perhaps the easiest 
way to increase sealing accomplishment, or productivity, is to identify 
and eliminate nonproductive time. For the most part this consisted of 
waiting on asphalt to heat, wait for spraying asphalt, wait for spreading 
aggregate, wait for hauling asphalt and/or aggregate, wait on instructions 
and inspections, personal and idle time. 

The key to the problem of nonproductive time appears to be the lack of 
balance in equipment employed and the custom of initial heating of asphalt 
after the beginning of scheduled shift time (8 a .m.). An inadequate number 
of trucks for hauling and spreading aggregate means that an entire distri
butor load of asphalt cannot be sprayed without waiting for trucks to re
turn to the stockpile for more aggregate. An inadequate number of dis
tributors or insufficient distributor capacity means periodic waits be
tween distributor loads while the asphalt is heating. For different job 
conditions and haul distances, equipment balance is obviously not static. 
This is an important area of responsibility of the foreman in planning and 
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scheduling work assignments. As for heating asphalt in the morning, the 
cost of overtime for one nian to do this before scheduled shift time can 
be recovered several times over by eliminating the time the entire crew 
loses while waiting for asphalt to heat. 

Beyond the elimination or reduction of nonproductive time, better or
ganization of the sealing operation in general offers possibilities for 
reducing time required for related work with a comparable increase in time 
available for productive work. Increases in accomplishment during produc
tive time are also possible through improvement in (1) work methods and 
(2) individual effort. 

DETAILED ANALYSIS OF TWO SF.ALING JOBS 

In order to facilitate evaluation of the information obtained from de
tailed studies of sealing operations, two of the jobs studied, designated 
A and B, were selected for presentation on gang process charts. These 
charts are shown in figures 43 and 44. They pr ovide for easier analysis 
of the operation by permitting visual evaluation of the extent to which co
ordination and balance were obtained between various men. Similar charts 
would be used to evaluate the coordination of equipment units. It should 
be noted that some short periods of work or delay time were not indicated 
on the two examples in order to avoid making the charts excessively com
plex. The following symbols were used on the charts . 

Productive 
work 

Supporting 
work 

Haul, return, 
travel, and 
move ahead 

r:•'.-:•'.-:•:•:•:•:-:·:•:•:-:1 Time assigned to 
·:::::.·::::::::. another operation 

Lunch time 

_____ ,Delay 

From the charts it can readily be seen that there are opportunities for 
certain changes which will result in increased productivity. It is axio
matic that accomplishment can be no greater than the area sprayed with as
phalt, yet during job "A" work directly associated with spraying asphalt 
amounted to only 40 man-mi nutes (for 2 men) out of a crew t otal of 1,570 
man-minutes f or t he day' s j ob. The 40 minutes include maneuvers and short 
move aheads between work areas. During job "B" work directly associated 
with spraying a sphalt, including maneuvers, and short move aheads amounted 
to 86 man-minut es (for 2 men) out of a crew total of 2,470 man-minutes for 
the job. 

On each of the jobs, the distributor operator spent more than 7 hours, 
which was either nonproductive or not directly contributing to accomplish
ment. This seven hours includes a variety of activity, but a major portion 
involves waiting for asphalt to heat. On job "A" the most time-consuming 
item was filling the distributor with asphalt. The delay that occurred 
most frequently was waiting for trucks to spread aggregate. Other lost 
time resulted from quit early, excess lunch time, wait for loading aggre
gate, and wait to receive instructions. 
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There is always an irreducible quantity of ti.me required for morning 
preparations and evening shutdown whenever an array of men, equipment, 
tools, and materials perform work at a worksite located away from the 
maintenance garage. The starting up and shutting down routines generally 
require about the same amount of ti.me and effort regardless of whether 
crew spends three hours or six hours at the worksite. This is quite pos
sibly a significant reason why the actual accomplishment per man-hour on 
jobs "A" and "B" is not substantially higher. On job "A", only one dis
tributor load of asphalt was used; on job "B" a little over one-half of a 
distributor load was used. Any increase in the amount of asphalt applied 
with accompanying greater accomplishment reduces the percent of total job 
time absorbed in morning and afternoon supporting effort. On the two jobs 
referred to, several of the crew members devoted and charged a portion of 
their total shift ti.me for the day to other operations unrelated to the 
sealing operation. Even without lost motion involved in the transition 
from one assignment to the other, such practice does not contribute to the 
essential need for devoting a greater percentage of the day's effort to 
the actual work of sealing. 

An examination of the study data on jobs "A" and "B" also points up 
several facts which have a direct bearing on accomplishment. On job "B" 
the principal assignment of two men on the crew was that of hand shoveling 
and brooming aggregate. Where it is practical for mechanical spraying of 
the asphalt, mechanical application of the aggregate should also be practi
cal and of course much more productive per man-hour. The truck driver 
started after aggregate in the morning without knowing definitely where he 
could obtain it. He drove for 30 minutes to a quarry only to find no ag
gregate. After considerable confusion and further travel to stockpiles and 
garages, unhitching and hitching the roller, and securing a loader, he fi
nally obtained a load of aggregate. Planning opportunities also exist in 
the placing and moving of warning signs at the worksite. Key men such as 
the distributor operator and aggregate truck drivers should not interrupt 
or delay operations to move or wait for the moving of signs. Where fre
quent moving of signs is desirable, a second set would permit placing at 
the next worksite while work is being completed at the previous worksite. 

PLANNED SEALING JOB 

Up to this point, we have discussed the 18 jobs studied and have in
dicated ways in which they might have been improved. In order to deter
mine if planning would promote greater efficiency and higher productivity, 
an actual job was selected for a test. This job was located in the three
county control area and consisted of a road section about 6 miles long with 
numerous distressed areas. It was estimated that the total area in need of 
sealing exceeded 15,000 square yards~ but not all of this was to be accom
plished during the planned job. Aggregate for sealing had already been 
stockpiled at one end of the section under a contract. Ample numbers of 
men and equipment were available SQ it was decided to use a large crew 
in the planned job. 

Figure 45 shows a proposed schedule for the selected job. This figure 
is a gang process chart similar to those presented for jobs "A" and "B". 
The chart provides a schedule for each man, based on time and performance 
observed during the 18 jobs studied. This schedule attempts to provide 
the best possible balance between spraying asphalt and hauling and spread
ing aggregate under the conditions anticipated to prevail at the selected 
worksite. For example, with the desired rates of application set at 5 tons 
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of aggregate per 100 gallons of asphalt, 20 tons of aggregate should be 
ready at hand or on the way for each 400-gallon distributor load of as
phalt. This would permit an entire distributor load to be sprayed with
out having to wait for aggregate. Since aggregate was already stockpiled 
adjacent to one end of the job, the allowance for aggregate haul distance 
ranged from zero to six miles. The asphalt storage tank was 10 miles from 
one end of the job. On the basis of these conditions, 10 men, three dis
tributors and four trucks were deemed to provide a balanced crew for an 
efficient operation. 

The complete listing of men and equipment for the planned job was as 
follows: 

Men 

1 Distributor operator 
4 Truck drivers 
2 Truck drivers 
1 Tractor-roller operator 
2 Flagmen 

Equipment 

3 Trailer-mounted distributors 
4 Trucks with spreader beds to 

haul and spread aggregate 
2 Trucks to tow distributors 
l Frontend loader 
1 Wheel tractor 
1 Towed rubber-tired roller 

The planning for this job provided that the three trailer-mounted dis
tributors be loaded with asphalt the night before and spotted at the ga
rage. One man was then scheduled to report early so as to have the three 
loads of asphalt hot by the beginning of scheduled shift time (8 a.m.), 
thus avoiding any need for more than one man to mark time while the as
phalt was heating. The plans also called for marking out the areas to be 
sealed on a prior day. In addition, the loader was to be spotted at the 
aggregate stockpile prior to the day of the job. 

The total accomplishment considered feasible for the day's operation 
called for six distributor loads of asphalt. This meant that each of the 
three distributors would have to return to the asphalt storage tank, re
load, haul to the worksite, and heat the asphalt during the course of the 
day's operation. For this particular job, the scheduled coordination was 
such as to provide for a quite satisfactory arrangement, whereby the lunch 
period occurred while two of the three distributors were in the process of 
heating. Had it been necessary for any of the three distributors to heat 
an additional load during the course of the afternoon, it might have been 
difficult to avoid an extensive wait, possibly affecting the entire crew, 
while the asphalt proceeded to heat. 

Once the basic ingredients of equipment balance and coordinated opera
tion, required for an efficient job performance, have been developed and 
adjusted through practice, much of the tedious detail of complete schedul
ing will become superfluous and unnecessary in the process of adjusting 
to routine variations in job conditions. 

Aside from the efforts to obtain balance and coordination in equipment 
operations, the essential departure in this schedule from the pattern ob
served during studies involves utilization to the fullest possible extent 
of the entire crew for the full day on the operation of sealing. To fa
cilitate coordinated effort, each man should know at the start what his 
scope of activity is for the entire day as well as any miscellaneous 
duties, so as to require a minimum of waiting for instructions, for other 
operations, etc. 

The scheduled use of trucks to assist in the rolling operation was de
signed to complete the necessary rolling quickly at the close of the 
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operation, t hus avoiding any overtime on the part of the roller operator. 

TRIAL OF PLANNED SEALING JOB 

A trial of the planned sealing job took place on October ll, 1960. It 
was judged to be completely successful, and results, if anything, exceeded 
expectations. Except for some raggedness at the very start, all work was 
accomplished on time or ahead of schedule. This verified the fact that 
the schedule, based on data obtained from the various studies, was gener
ally lenient. Total accomplishment for the day was 12,780 square yards 
sealed, using 6 distribut or loads of oil. This reduces to a figure of 156 
square yards per man-hour, based on a 10-man crew working 82-hours. How
ever, a figure of 130 square yards per man-hour is obtained when all time 
properly chargeable to the job is included. Asphalt was applied at the 
average rate of 0.24 gallon per square yard; aggregate at the average rate 
of 28.4 pounds per square yard. Maintenance speci fi cations call for 0.25 
gallon of asphalt and 25 pounds of aggregate per square yard. Because of 
the size of this job, two flagmen were used, whereas only one was stand
ard practice on jobs studied. 

It should not be overlooked that several factors encountered on the 
trial run were all favorable to the results obtained. The spirit of the 
crew was excellent and it was evident that they were constantly striving 
to stay even with or ahead of the schedule with which each man was supplied. 
The areas sealed were considerably larger than those normally encountered 
and the length of section encompassing the day's operation was undoubtedly 
less than could normally be expected for that much accomplishment. The 
stockpile of aggregate was located adjacent to one end of the section being 
sealed. A new tractor frontend loader was used which was somewhat faster 
than the ones previ6usly employed, although this meant that the loader was 
new to the truck drivers who had to operate it. The weather on the day of 
the trial run was highly favorable, being calm, clear, and in the low 8o 1 s. 
The mild morning temperature was favorable to prompt heating of asphalt. 

The extent and quality of rolling ob~ained on this job was also con
sidered to exceed that nonnally obtained. This was in part due to the fact 
that although the schedule called for rolling assistance from trucks at the 
finish of operations in the afternoon, the job consistently ran ahead of 
schedule and this pennitted the trucks to assist in the rolling with their 
wheels before lunch as well as after 4 o'clock in the afternoon. 

This report touches upon only a small parcel of the data available from 
the Iowa Maintenance Study. However, it is broadly indicative of the gen
eral opportunity available for careful examination and appraisal of total 
maintenance effort. The opportunities for improvement can be listed in 
accordance with the following five basic i ngredients e ssential to an 
effective mai ntenance organization. These a re: (1 ) planning, (2) sched
uling, (3) work methods, (4) tools, material s, equipment , and (5) organi
zation and supervision. 

CONCLUSIONS 

Although seasonal variations in the workload are inevitable, careful 
thought to long range planning can do much to anticipate and relieve the 
pressure from peak workload periods . Failures in this area are reflected 
in the less than desirable levels of maintenance quality which are 
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frequently apparent. The solution should involve joint efforts of the 
foremen, the resident maintenance engineers, and their district superiors. 
The general size of the maintenance task forces and areas of responsibility 
deserve re-evaluation. For example, it might be desirable to place opera
tion's responsibility for sealing work at the residency level. This would 
facilitate more experienced and highly skilled supervision, and use of 
larger and more productive equipment. The nucleous of this residency 
level crew could be supplemented as needed by men from county crews. 

The responsibility of the foreman should begin when the general plan 
and pattern of the workload has been formulated. He is then in a position 
to schedule his work and assign his crews and equipment. Once the basic 
schedule of an efficient operation has been developed, the foreman should 
be able to modify the schedule for changing job conditions, with perhaps 
only occasional assistance. 

A review of data obtained from comprehensive studies shows that mainte~ 
nance crews sealed portions of a 0.62-mile section of road on eight dif
ferent occasions within a 12-week period. The total area sealed was 10,800 
square yards although there were only 7,030 square yards of pavement in this 
small section. In other words, parts of this section were sealed more than 
once during the 12-week period. Less than a week after the last day of 
sealing work on this section was completed, a contract was let for sealing 
the entire section. In preparation for the contractor's work, a state crew 
spent one day removing part of the seal previously applied by state forces 
since it was bleeding badly. Following the contract work, a state crew 
spread 34 cubic yards of aggregate over bleeding areas. 

A thorough evaluation of all the factors and problems concerning case 
histories of the type cited for the 0.62-mile section of road may con
ceivably provide rational support for actions taken. However, such evalua
tion also offers excellent opportunities for planning and programing so 
that considerably less effort is involved in achieving the necessary 
accomplishment. 

Perhaps the fact of greatest significance evident from production 
studies is that the planning and scheduling of a day's operation frequently 
failed to outline an adequate amount of work to permit efficient accom
plishment by the crew. The amount of equipment used and size of the crew 
employed, must of necessity be flexible because of the operating variables 
attendant to individual job circumstances. For example, total length of 
road section over which the work is spread, size of sealed areas, haul 
distances from material stockpile to worksite, and from garage to worksite, 
are all variables affecting the amount of the end product which can be con
sidered a reasonable day's accomplishment. But given these ingredients, 
the foreman should plan and lay out the work in suitable daily quantities 
to facilitate efficient operations. Data from the maintenance studies 
show that the foreman frequently planned the operations for the day after 
the crew reported for work. Numerous instances were encountered where the 
foreman performed various functions and chores while members of the crew 
were spending their time nonproductively. 
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SPAN OF CONTROL AS IT APPLIES TO THE MAINTENANCE FOREMAN 

by 

Harold A. Cowles 

SUMMARY 

This discussion was prepared as an adjunct to the Iowa State Highway 
Maintenance Study. It reviews the trends noted in the supervisory spans 
in industry and then presents an analysis of the factors influencing the 
span of control in the job of the Iowa State highway maintenance foreman 
assigned to each county. The conclusions are that the highway foreman 
operates in a more complex environment than his industrial counterpart 
and that the average foreman is overburdened if he supervises more than 
12-15 employees. 

The recommendations follow: \"', 
( · ., 

'. 1) Take steps to improve communications between foremen and employees 
on the job, 

2. Ll.ve with present spans but provide relief for the foreman by one 
of the following~(presented in order of preference of the author): 

(a) Provide foreman with a planning clerk (a functional staff 
position) and at least 2 working supervisors (gang bosses)~ 

(b) Provide the fo~ with an assistant who would become essen
tially a ·" junior partner;" 11 'lle ')would speak for and make decisions in 
behalf of the foreman with who he would share duties • 

(c) •. Provide the foreman with an assistant who would be put in 
charge of a portion of the county's work force. 

INTRODUCTION 

It seems fairly safe to say that few topics have received as much 
attention in the literature of management and industrial organization as 
has the principle of Span of Control or Span of Management as it is some
times called. Unfortunately, this attention has not produced much in the 
way of specific answers to the q_uestion, "How many subordinates ought an 
individual supervise?" 

What this attention has shown and shown quite clearly is that no one 
knows the c9rrect answer. In a given situation one supervisor might be 
taxed to his limit and another might easily assume new duties. Ll.kewise, 
the same supervisor with the same number of subordinates placed in two 
different work environments might find himself on the verge of nervous 
collapse in the one case and in the other situation be a model of poise, 
confidence, and contentment. In other words, the answer to the question 
is simply, "It depends." 

It depends, for example, on the man himself, his abilities, his work 
environment, his duties, the duties of his subordinates, their abilities 
and skills, the policies and the organizational structure of the firm, 
and so forth. Each situation will probably produce a different answer, 
and the variation among answers may be great. 

It is interesting to note that it is this inability of the principle 
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to specify or prescribe the optimum mm1ber of subordinates that has 
caused a number of writers recently to criticize the accepted tenets of 
Span of Control and to, in effect, suggest that the science of management 
abandon it completely. They cite the increasing number of successful 
organizations (e.g., Sears with 4o store managers reporting to one 
supervisor or the Bank of American with 600 branch managers reporting to 
its board) which have violated the accepted limits. They further suggest 
a much more satisfactory answer can be found in the application of the 
social sciences to the problem. 

Of course, rebuttals have been equally vigorous in noting that the 
social sciences are still relatively undeveloped and, as yet, are in
capable of handling the span problems with any degree of precision. They 
also cite the numerous successful organizations that have been designed 
with strict adherence to the principle. 

Nevertheless, a definite trend in organizational development seems to be 
under way which is causing the upper limits of the span to be stretched. 
Most writers suggest that this pressure has resulted as a consequence of 
the current popularity of the decentralized organization. A wide span 
forces supervisors to delegate more and, hence, spawns greater independence 
in the actions of subordinates. 

As one might gather the debate on what is to be gained -- or lost -
by widening the span continues. However, the fact remains that a limit 
in the number of men a supervisor can effectively and efficiently direct 
exists. The key is what is to be thought effective and efficient. 'lb 
establish this and interpret it in terms of the span width still is one 
of the major problems confronting the organizational analyst. 

Research on going concerns indicates that the span narrows as the 
summit of the organization is approached. The higher levels are referred 
to as the span of executive supervision and the lower levels as the span 
of operative supervision. The latter only is under concern in this 
discussion . Surveys have shown the operat i ve span range f rom 10 to 70-80 
f or highly s t able, standardized j obs . Graicunas 1/ predi.cted a range of 
20 to 30 but the most frequent value seems to fall between 10 and 20 with 
16 . 7 given as mean in one rather extensive survey 2/. These values are 
in contrast to the range of 1 to 20 for the executive span with a median 
generally shown to be 6 or 7. 

It is apparent that essentially the same general factors would. define 
the tolerable width of the span any place it was encountered, operative 
or executive. Newman lists the following as essential points to consider: 
(1) variety and importance of the activities supervised, (2) other duties 
the executive is expected to perfonn, (3) stability of operations, (4) 
capacity of subordinates and the degree of delegation, (5) relative 
importance of supervisory payroll, (6) practicality of relieving an 
extended span 3/. These are the factors that the analyst must weigh in 
terms of what Is thought to be effective and efficient supervision. 

y Graicumas, V. A., Relationships in Organization, in Gulick, L. and 
Urwick, L,, eds, Papers on the Science of Administration, Institute of 
Public Administration, 1937, pp. 181-188. 
y Baker, A. w. and Davis, R. c., Ratios of Staff to Line Employees and 
Stages of Differentiation of Staff Functions. Columbus, Bureau of 
Business Research, Ohio State University, Research Monograph No·, 72, 
1954, p. 31. 
}/ Norman, W. H., Administrative Action New York, Prentice-Hall, Inc. 1951. 
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ANALYSIS 

In considering the job of the maintenance foreman in light of these 
factors and the observed span widths one cannot but help compare the 
environment of the highway employee with that of the industrial foreman. 
The latter nonnally finds himself well supported by a considerable staff. 
Someone does his hiring, wage negotiations, training, production planning, 
timekeeping, .maintenance planning, inspecting, and even his personnel 
and discipline problems are handled at least in part by the industrial 
relations people. Beyond that, the work he supervises is likely to be 
highly standardized and stable, particularly if he has a 30-man depart
ment or more . 

In contrast the maintenance foreman under consideration here has 
essentially no staff and the work he supervises is anything but stable 
and unvaried. Further, tne question of public relations is quite sig
nificant to the highway supervisor but it is practically unheard of in 
the industrial shop. The obvious conclusion is that the frequency and 
the severity of the contacts with his subordinates and the public are 
considerably greater in the case of the maintenance foreman than for the 
industrial supervisor. 

The time available for supervision is another way of looking at the 
factor concerned with the "other duties of the supervisor." Rarely is 
the industrial foreman more than minutes from a trouble spot thanks to 
telephones, telautographs, or the blaring of the public address system. 
On the other hand, consider the maintenance foreman once more. Assuming 
that he can even be located, he may be twenty miles from the spot where 
a decision is required. And, the chance of his being infonned of the 
difficulty immediately are not the best because the crew may not be near 
a telephone nor may he be any place where he could answer a call. Good 
supervision requires current information and personal attention to the 
subordinates. This is extremely hard with crews ranging over a whole 
county but even more difficult when communications are so poor. 

Still another aspect of the foreman's job which consumes time is the 
amount of traveling required in the normal course of his duties. One of 
the explanations for the narrow span at executive level is that the 
varied duties of the execut ive leave only a small porti on of his time 
for supervision, say 10-20 percent. The production foreman on the other 
hand may have 75-80 percent of his time available for direction of his 
subordinates. If the duties and requirements placed upon the highway 
supervisor were expressed in terms of time requirements, it appears that 
his "time available for supervisi on" would be considerably less than his 
industrial counterpart. 

With regard to the question of delegation of foreman's duties to 
subordinates, it is essentially impossible because the organization as 
it now stands has no provision for it. The only possible exception may 
be in the maintenance and repair of equipment. It is true that the 
employees under him are fairly well trained and experienced, usually 
know what is to be done and are generally dedicated people. Yet, there 
is still no one to whom the foreman can delegate the authority and 
responsibility to see that a certain project gets done as he wants it 
done. 

Finally, the possibility of reducing the span seems a little imprac
tical. For example, if the county were divided into two groups and an 
assistant foreman placed in charge of each half, the foreman's span would 
be cut to two. This would certainly leave time for the outside duties 



already referred to, probably too much time and the solution would prove 
to be an expensive one. 'Ihe foreman would be idle some of the time and 
the State would have added two more nonproductive employees to payroll. 
Further, · another echelon of supervision would be created adding still more 
resistance to the effective flow of infonnation up and down the organiza
tional structure. And, of course, the workers themselves would be removed 
one more level from the source of authority. 

CONCLUSIONS 

In light of the above, my conclusions are that the maintenance foreman 
is operating in a somewhat more complex environment than the industrial 
foreman and, hence, ought not be expected to function effectively or 
efficiently with the span widths encountered in industry, even allowing 
for the current trend to greater span limits. 'Iherefore, it is likely 
that if he is attempting to do this job well, the average foreman is over
burdened if he supervises more than 12 employees, certainly if more than 15. 

RECOMMENDATIONS 

1. Take steps to improve communications between foreman and employees 
at work. 

2 . Ll.ve with the present spans but relieve the foreman of some of his 
duties by one of the fo llowing ( presented in order of preference): 

(a) Provide foreman with a planning clerk (a staff position) who 
would be in charge of cormnunications at garage, do work planning for crews, 
be in charge of timekeeping and the preparation of the basic data for 
reports if not the reports themselves, be in charge of the office and 
handle routine public relations. Further, authorize and recognize in the 
payscale at least two working supervisors or gang bosses within the work 
force. 'Ihese men would not hire or fire or do any of the other duties of 
supervision. 'Ihey would merely be the men in the crew to whom the foreman 
would give his instructions and the ones who would make the decision 
whether or not the foreman should be contacted in case of trouble. 

(b) Provide the foreman with an assistant who would be looked 
upon as a "junior partner." 'Ihat is, he would speak for and make decisions 
in behalf of the foreman. 'Ihe two could conceivably divide the foreman's 
duties or could share the work as it occurred. 'Ihe possible problems 
developing here are many yet if the personalities of the two blended, it 
could work very well. Replacing one or the other would have to be done 
very carefully. 

( c) Place an assistant foreman over a portion of the county's crew. 
'Ihis would create an imbalance in the organization since some employees 
would report to an assistant and the others to the foreman himself. But 
if this difficulty were recognized, it might prove to be a satisfactory 
solution. 
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STUDY OF WORK EFFICIENCY DURING OVERTIME PERIODS 

by 

Harold A. Cowles 

SUMMARY 

This study was undertaken to obtain information relating to the effect 
of hours of work on work efficiency; more specifically it was desired to 
learn what efficiency could be expected of snowplow crews operating in 
overtime periods. 

The study produced considerable evidence relating to hours of work and 
efficiency. However, because of the many direct and indirect factors in
herently present in work situations (for example, the highl y important 
motivational factor present in snow removal operations), no precise quan
titative evaluation of expected efficiency was deemed advisable or possible. 

The data reviewed did seem to indicate that even with considerable 
motivation, efficiency falls noticeably near the end of the second shift. 
Continued deterioration may be expected on through the night with a small 
recovery possible at daylight. Because of this, as well as the added 
safety hazards present on the highways during storms, it is recommended 
that the work period be limited to 16 hours except in extreme situations. 
Further, 2-hour plowing tours during period of falling snow seem to be 
advisable, with a chance given the crews to rest and relax either 
on the road or at the garage. Finally, if the work period extends much 
beyond 18 hours, it is recommended that a crew not be assigned work in 
the next 12 hours, and preferably it should be held off until the follow
ing day. This recommendation was made because the data indicated the 
likelihood of quite inefficient performance until the crew members are 
thoroughly rested. 

INTRODUCTION 

The objective of all supervisors ought to be the accomplishment of the 
work under their direction in the most efficient manner. The

0

conventional 
definition of efficiency can be used here; that is, the ratio of output 
to input. Since in seeking truly efficient operations management must 
consider all factors which can affect the work, the input term must have 
a broad interpretation. It must not be limited solely to the immediate 
expenditure of energy, for example, but should evaluate the effects of 
accidents, fatigue, loss of health, boredom, loss of free or leisure time 
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as well. This liberal concept of input might best be thought of as the 
total cost of work. All input factors, favorable or adverse, are reduced 
to a common denominator, the dollar, and summed algebraically. Thus, an 
efficient operation can be assumed to be an economic operation. It is 
only in this sense that efficiency can have a truly significant influence 
in the design of effective work situations. 

In order to properly interpret experimental work relating to efficiency 
as it has been defined, certain concepts must be understood. The first of 
these is a worker's capacity for work. A person perfonning a task accord
ing to a specified method has at any given moment an upper limit to the 
speed at which he can perfonn the work. This varying limit is known as 
his capacity. Second, the factors which cause this limit to vary are 
known as governors and include temperature, light, noise, rest periods, 
sleep or lack of it, hours of work, methods, etc. 

The rate at which the work is actually performed is subject to the 
motivation and incentive present. It is related to capacity by effort. 
The closer the actual pace approaches the capacity limit, the greater the 
effort. Hence, effort will change with either a change in the rate of 
work or in the capacity. If work methods or procedures change such that 
the capacity is raised, the rate of work can be increased correspondingly 
with no increase in effort. 

It can be seen that effort includes energy expenditure as well as 
additional factors. Effort is preferred in this general approach since 
it is appropriate even when little or no energy is consumed. 

An optimum effort level is reached at maximum efficiency. Generally, 
this level is somewhat below maximum effort because as the rate of work 
approaches the capacity limit, wasteful methods are apparently adopted by 
the worker. The greater effort does not give a proportional increase in 
output. Similarly, below the optimum the input cost per unit produced 
would not be favorable. The optimum level is relative, however, since 
demands and values change, e.g., emergencies, war, boom or depression 
times. What is really wante,d is the minimum effort level which is con
sistent with the demands of the work situation as well as of the effi
ciency index. 

Fatigue can be thought of as the reduced capacity for work or a 
governor. Thus, the onset of fatigue reduces the capacity limit and the 
rate of work decreases unless the motivation changes. 

The function of fatigue appears to be that of a protection, a warning 
device to prevent exhaustion of muscles, nerve fibers or brain cells. 
However, rarely under modern work situations is muscle or cell exhaustion 
approached, yet no one will deny that fatigue is present. On the other 
hand, some remarkable recoveries are made merely at the suggestion of an 
evening of bowling or perhaps bridge. An explanation for this inconsist
ency is given by Maier(_!) yin terms of motivation. Apparently in ad
dition to setting the effort level, the motivation experienced strongly 
influences the energy or resource allotment made to a particular task. 
This assignment is normally considerably below the total energy available 
yet fatigue begins to appear as it is utilized, signifying the approach
ing end of the energy supply. The subject feels truly fatigued, yet 
additional motivation at any time can bring forth resources from the re
serve and he "comes to life." This is the source of the energy for the 

1J Figures in parenthesis following the mention of publications refer 
to the list of references at the end of this report. 
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seemingly superhuman activities that have been accomplished under great 
emotional strain. These activities appear to be superhuman only because 
they are compared with nonnal allotments of resources and effort levels. 

It is quite obvious from the foregoing that the total input cost can 
never be precisely measured. Some of the factors cannot be adequately 
expressed in cost units or any other units of measure. Others are so 
complex or are so interrelated with still other factors that the indivi
dual effect cannot be isolated except possibly in the laboratory. Yet, 
management would be stopping short of the goal if it failed to consider 
efficiency from this broad viewpoint. What it must do is appraise the 
factors it can in tenns of dollars and then measure the balance indirectly, 
using subjective as well as objective means along with comm.on sense. 
These are not the most satisfying conditions for a scientifically trained 
pers0n yet no other alternative exists at present. 

Ryan (2) has sunnnarized the measures that are available. First, there 
are those which show promise of developing into valid indices of fatigue 
and other costs of work but which are still in the developmental stages. 
These tests include muscle potential, skin resistance as an indication of 
tension, steroid excretion, flicker fusion. The principal problem here 
is determining at what level will efficiency be affected significantly. 
Certainly, the results in themselves can suggest the possibility of the 
nature or extent of the influence and common sense can carry on from 
there. The second group of tests are those which are appropriate only 
for certain types of work. These include oxygen consumption and perhaps 
pulse and heart recovery time. The third group are cruder indices from 
a scientific point of view but they are easy to apply. Admittedly, they 
are stopgap in nature until better techniques are perfected. This last 
group.includes output decrement curves, errors, variability and accidents 
during performance, long-term trends in productivity. It is obvious that 
these tests are subject to a host of variables (for example, any or all 
of the elements of the input) almost to the extent that the analyst may 
not know exactly what his data does show; yet, if properly interpreted, 
tests of this type provide helpful information as to the effect of cer
tain factors on efficiency. 

THE PROBLEM AND THE METHOD OF STUDY 

In times of emergency certain activities may have to be continued or 
initiated after normal working hours. The opening of snow-clogged high
ways is one such situation. Maintenance supervisors must decide whether 
the intensity of the storm is great enough (and not too great) to con
tinue or undertake plowing operations. If the decision is made to pro
ceed, then the plows must be manned. Beyond this is the manning of work 
crews the following day for continued snow removal and routine assignments. 

The question under consideration is how long is it advisable to keep 
men on duty without a period for normal rest. Analysts of the Iowa State 
Highway maintenance study group discovered that at times men would be on 
snowplow duty all night and then would continue on normal duty the follow
ing day, thus going close to 40 hours without a normal sleeping period. 

Common sense immediately questions the advisability of such a long 
work period. However, before suggesting a policy change with regard to 
hours of work, the engineers assigned to the maintenance study group 
sought to discover what, if any, scientific data were available in the 
literature describing similar situations elsewhere and which might be of 
assistance to them in preparing possible recommendations. 



This study, therefore, involves no original experimentation or data. 
Rather, a fairly extensive literature search was accomplished in an effort 
to gather together as much relevant material as possible. Then, the 
various aspects of the problem were considered in light of the findings. 

LITERATURE REVIEW 

The particular factors of work efficiency under surveillance are suc
cessive hours of work and the lack of sleep. An abundant supply of 
relevant articles and publications are available. Unfortnnately, many 
have little original or additional information to offer. 

The articles that are referred to below all appear to be fairly valid 
studies. They fall into four categories: general, industrial or pro
duction, automotive or truck, and aircraft - both military and civilian. 
For ease of presentation, only the more pertinent findings are summarized. 

General 

1. Classical ergograph studies on muscular activity produced among 
others the following results: 

(a) Time for complete recovery increases rapidly as work period is 
increased (closer to complete exhaustion). Doubling the work period may 
quadruple the recovery time. 

(b) Ability of muscles to do work is decreased by loss of sleep. (3) 
2. Under special motivation, energy expenditure was shown to range

from 14 percent to 68 percent greater than the control but less fatigue 
was apparent. This supports the contention that motivation increases 
amount of energy available. (4) 

3, Evidence supporting energy distribution according to motivation 
presented in behavior of rats under normal and high motivation. (5) 

4. Eyestrain produced easily by having subject in subdued light look 
at quickly flashing light. Rapid dilation and constriction of pupils is 
an example of muscular conflict which is quite fatiguing. No eyestrain 
appeared after 6 hours of continuous reading in normal light. (6) 

5. Work which requires constant alertness or attention is subject to 
interference known as "blocking." In adding a column of numbers a person 
may be "stuck" at one sum and have to repeat it a number of times before 
the block is broken and he can proceed. Mistakes tend to occur at blocks. 
They are a few seconds in duration and may occur several times a minute. 
Continued work involving attention produces increases in the length and 
frequency of blocks . ( 7) 

6. Seventeen subjects stayed awake without drugs for 100 hours. 
Psychomotor tests (muscular activity) showed very little change due to 
lack of sleep. Mental tests were performed with difficulty, however. (8) 

7. Subject stayed awake 220 hours as part of disc jockey marathon. -
No significant behavioral effects observed in first three days. Likewise 
nothing significant could be measured in psychological and biochemical 
tests over this first period. However, deterioration was noted in all 
tests. Over the 9 days the subject had cyclic variation in performance 
experiencing irritability, paranoid thinking, visual hallucinations, 
episodic rage, deficits in thinking and visual-motor performance. (9) 

8. A 5 mg. dosage of D-amphetamine (Dexadrine) effectively mitigated 
work decrement for a period of 7 hours. Test periods were 7 hours in 
length . ( 10) 
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Industrial or Production 

1. (a) Production in afternoon shift shows effect of fatigue by 
being at a lower level than morning production, particularly in case of 
longer workdays. Ratios of afternoon to morning production for 7-5-hour 
day is 1.00; for 8.8-hour day, 1.0; for 10-hour day, 0.98; and for 12-
hour day, 0.90. The "practice-efficiency" effect probably causes these 
ratios to be higher than they really are. 

(b) Reduction of working hours per day and per week gave considerable 
production increase. For example, women working 74½-hours per week and 
then shifted to 55½-hours per week eventually increased average hourly 
output and exceeded total output of 74¼-hour week. However, men doing 
heavy work on a double shift (16 hours) once every 3 weeks maintained a 
production level only 4.7 percent below normal. Explanation given sug
gusted the motivational reserve plus the possibility of bel ow nonnal 
vigor the next day or two. (11 ) 

2 . (a) Accident rates tended to increase with each successive hour 
work of the work period. Maxi.mum rates may be 2 to 4 ti.mes greater 

than those experienced at start. Part of the increase was no doubt due 
to higher production rates but number of accidents increased dispropor
tionately as output fell near end of work period. The effect was attrib
uted to fatigue. 

(b) Number of accidents experienced by women workers over a 12-hour 
day were 2.73 times greater than those experienced working a 10-hour day. 
Men who felt fatigue less had only 1.14 more accidents under similar 
conditions. (12) 

3. (a) For light work performed beyond 8-hour 
3 hours were required to obtain 2 hours of output. 
additional hours for 1 hour's output were needed. 
were not as effective as six 8-hour days. 

day, 48-hour week, 
For heavy work, 2 

Five 10-hour days 

(b) Injuries increased disproportionately as hours increased. One 
plant increased hours from 40 to 48 per week and got 50 percent increase 
in severity rate. Going from 48 to 60 hours nearly t r ipled frequency 
rate i n another plant . (13) 

4. Study of female employees in metal fabrication plant, light semi
skilled work, 40-hour week, hourly wages, showed the following: 

(a) Product ion significantly higher in morning (decrease of 13 per-
cent in afternoon). 

(b) Lowest production in last hour of afternoon. 
(c) Total delay time in afternoon greater by 50 percent over morning. 
(d) Employees apparently influence in the non-working time to working 

time ratio rather adopt slower work methods when fatigued. (14) 

Automotive 

1. Studying the relationship between fatigue and hours of work in 
900 truck drivers, U.S. Public Health Service analysts tested the drivers 
with regard to speed of tapping, reaction-coordination time, simple re
action time, manual steadiness, body sway, driving vigilance, and ability 
to distinguish flicker. Drivers who had not driven before the test had 
the highest efficiency, those who had driven under 10 hours had the next 
highest, and those who had driven over 10 hours had the lowest. Those 
who had been driving before the tests performed less efficiently with 
respect to aiming, resistance to glare, and speed of eye movements. No 
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significant difference was seen between the 1-10-hour men and those who 
had driven over 10 hours, however. (15) 

2. (a) A 1935 survey indicated that less than normal sleep in past 
24 to 48 hours was cause for most driver-asleep accidents. Five automo
bile drivers out of 6 having accidents had been without sleep for lb-20 
hours and nearly 50 percent had less than 4 hours in last 24. Most common 
hour for driver-asleep accidents was 2 a .m. 

(b) One in 3 driver-asleep accidents was a trucker-asleep accident. 
One-third bad been driving from 4-8 hours since last sleep, one-third had 
been on the road 16 hours or more . Most common sleeping period was 2 to 
3 hours . Eight in 10 lacked normal sleep in last 24 hours, 9 in 10 lacked 
normal sleep in last 48 hours. Most common hour for trucker-asleep acci
dent -was 5 a.rn. (16) 

3. Tests on drivers who drove about 300 miles every other day indi
cated the following: 

(a) There is a demonstrable fatigue effect of long automobile drives 
on body reaction. 

(b) Long automobile drives tend to decrease the fading time of vas
cular skin reaction; increases unsteadiness in standing; decreases the 
accuracy of hand-eye coordination; decreases visual efficiency; decreases 
the speed and accuracy of mental addition. 

(c ) The tendency of long automobile drives is to produce a loss of 
effectiveness and motor reactions similar to those required in driving. 
These observations suggest that the effect of a long automobile drive may 
render a driver temporarily prone to accidents. (17 ) 

4. Based on ex:perience of sport car drivers inFrance, recommendation 
is J11ade for drivers to stop every 300 miles to exercise and to allow for 
24 hours of rest before driving again if trips are of 650 miles or more. 
(18) 
-5. Use of drugs, caffein or the amphetamines (Benzedrine or Dexedrine) 

may be of assistance in combating fatigue or the tendency of drivers to 
go to sleep. Caffein is effective but is not as long lasting . The 
amphetamines could be safely 11sed to prolong wakefulness at least 48 
hours. (19) 

Aircraft 

1. In long duration flights a noticeable deterioration in a pilot's 
performance takes place. It was observable over a 4o-minute interval and 
over the total 15-hour flight. Mor,e specifically: 

(a) Errors in altitude and heading got progressively greater in sec
ond and third watches (fourth watch, the last showed slight improvement). 

(b) Turbulence wh.i.ch tends to cause greater c.oncentration than still 
air did not appear to cause pilots trouble until the third and fourth 
watches. 

(c) Two-hour watches were recomme~ded for pilots with opportunity to 
sleep and eat to minimize perfonnance deterioration. (20) 

2. Errors in performance of radio operators on 15-hour sortie, 5-hour 
watches were analyzed. Operators were on radio only one watch per sortie, 
changed radio watch each sortie, but did have duty assignments the full 
15 hours. 

(a) Decrement noted in performance over 5-hour watch. 
(b) Performance dropped consistently from one watch to the next, the 

third roughly 20 percent poorer than the first. 
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(c) Twenty-four hours off duty between flights appeared to be suffi
cient to prevent fatigue accumulation. (21) 

3. Subjective observations on Tokyo airlift confirm deterioration 
noted in 1 and 2 above. Irritability, sleepines, lack of tolerance. 
tension, loss of initiative and leadership ability all seemed to be pre
sent on l ong flights. (22) 

4. The so-called Cambridge Cockpit Studies indicated the following: 
(a) The fatigued pilot can see as small a difference in an instru

ment reading but he does not do anything about it until the difference is 
somewhat bigger than the deviation causing the rested pilot to act. After 
2 hours ability to discriminate may not have changed but it may take 3 to 
4 times as much deviation to cause corrective action to be taken . Pilot's 
concept of acceptable standards becomes lower as he becomes fatigued. 

(b) Performance can be kept high if sufficient motivation is present. 
(23) 
-5. Review of CAB's report on Italian airliner crash on approaches to 

Idlewild in 1954 notes the Board believes fatigue was a factor in the 
crash. They cite the pilot's poor adherence to the localizer path, the 
last descent to a very low altitude before the sharp pull-up, and the 
evidence of abrupt control action. The crew was "on board" 22½ hours 
prior to crash but it was large enough so that duties could be rotated 
and adequate sleeping facilities were available. The presence of fatigue 
is explained by the high mental and physical demands placed on the pilots 
by the four landing approaches over the 22½ hours. Anxiety or worry was 
said to have similar effects as actual work accomplishment. The combina
tion of anxiety over the flight and the actual strain apparently was not 
compensated by en route resting. (24) 

Additional articles are believedpertinent to the subject matter but 
could not be obtained at the time of this study: 

Civil Aeronautics Administration, "The Rate of Fatigue in Pilot 
Performance." CAA, Div. of Res. Report 61, Washington, May 1946 

Davis, D.R . , "Pilot Error." Some Laboratory Experiments, Air 
Ministry, A.P. 3139A, 1948. 

l!"raser, D. C . and Samuel, G. D .. , "Aircrew Fatigue in Long Range 
Maritime Reconnaissance, Effects on Vigilance." Air Ministry Rept, 
FPRC 907 .10, 1956 

McFarland, R.A., "Fatigue and Stress and Their Roles in Military 
Operations." O,R.O. Symposium, 1952. 

McIntosh, B. B., et . al., "Pilot Performance During Extended 
Periods of Instrument Flight. " USAF Tech. Rept., 6725, 1952 

Reid, D. D., "Fluctuations in Navigator Performance During 
Operational Sorties." Air Ministry Air Pub., 3139, 321, 1947. 

DISCUSSION 

The condition of work being considered here is a very infrequent but 
quite long overtime period in which good motivation is present. The moti
vation factor is quite significant in the opinion of the writer since 
snow removal seems to be one of few work activities of highway maintenance 
personnel which really stimulates the entire crew. This may in part be 
due to the favorable recognition and publicity usually gained by the men 
as they clear the roads. It is quite easy to recognize the accomplishment 
and immediate worth of the service rendered by the crew 's efforts . A 



sense of pride is attained here to an extent probably not matched in any 
other maintenance activity. In addition, if the activity takes place at 
night, one of few opportunities for additional pay is presented. In view 
of the prevailing wage structure, the opportunity for overtime pay is 
quite likely welcomed. 

No studies were found which exactly duplicated the conditions described 
above. It would appear that the military would be interested in problems 
of this nature but many of the papers from that source examined for this 
study were concerned with the cumulative effects of a series of long duty 
periods. Because of the lack of data from essentially the same work con
ditions, the analysis must be based upon an extrapolation of evidence 
from what might be called cognate situations. 

Much of the material reviewed and classified under the heading of 
General supports the contention that motivation influences the amount of 
energy made available to a certain task. This particular characteristic 
is quite important in the work situation under study because of the like
lihood of fairly high motivation. 

Of interest also in this group was the report on eyestrain caused by 
flashing light. It is quite possible that the flying snow produces strain 
of this type. This may be compounded somewhat, too, by snow flying up 
and back from the plow. 

The evidence gathered on lack of sleep seems to be fairly uniform in 
showing little deterioration in muscular activity due solely to lack of 
sleep. Sleepiness or the distraction of fighting sleepiness appears to 
be of more importance to the problem at hand. 

The Industrial or Production articles are helpful in two ways. First, 
it was reported that overtime, particularly without special motivation, 
is quite inefficient from a production point of view. It is quite true 
that the expected performance for a single overtime period (the situation 
under study) is likely to be greater than that obtained if the extra hours 
were worked every day. However, the decrement noted quite consistently 
over a normal shift was quite significant ·and it appears that considerable 
motivation would have to be present to overcome it. Of interest here is 
the effect of highly motivated second and third shift work on the output 
on succeeding days. Unfortunately, nothing but an assumption was avail
able on the next day "vigor" of the men who loaded iron into a furnace 
for 16 hours straight every third Sunday. It is quite likely that the 
heavy added demand coming irregularly had considerable after effects. 

Secondly, the relationships involving accidents are quite interesting. 
It is shown fairly well that accidents tend to increase with the speed of 
the operation. Thus, accident frequency rises as motivation and practice 
speed up the work. However, as fatigue slows the process down it also 
continues to make the employee even more susceptible to accidents. Fi
nally, as length of working hours is increased, the chance of accidents 
goes up simply because of greater exposure. The cost of accidents and 
injuries is apparently a factor of considerable importance on the 
question of work efficiency. 

Many of the articles reviewed under the Automotive heading refer to 
long mileage trips. It seems reasonable to assume that comparable results 
would have been observed had the subjects spent the same time going 
possibly at a much slower rate but under as much or more tension. If this 
assumption can be accepted, these data are quite pertinent to the present 
study. Also, in view of the possibility of the snowplow crews working 
all day and driving plows on into the night, the driver-asleep accident 
data seem particularly pertinent in appraising the length of the working 
period. 
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The conditions experienced by the aircraft crews probably come closest 
to those observed for the snowplow crews. Duties were rotated some pro
viding for change of scene; the wakeful hours approached 24; fair motiva
tion level present, particularly for the pilots; attention and alertness 
were required. It is interesting, then, to note the deterioration that 
takes place in performance in the later watches. In a few instances some 
improvement was noted in the last watch, it is true. This was explained 
as probably due to the arrival of daylight and the "end-spurt" frequently 
found when the end of a work period is approached. 

The willingness of the aircrews to accept greater and greater devia
tions from normal operation as fatigue increases is also quite significant. 
It appears that a similar phenomenon existed in many of the work or per
formance studies reported under the Automotive and Industrial headings. 
Deterioration of output is not as critical in the present problem as is 
the tendency to relax normal safety precautions. It is quite possible 
that just such a relaxation is the major cause for the increase in the 
number of accidents experienced by fatigued or poorly motivated workers. 

The failure of the study to uncover specific references to efficiency 
during irregular overtime periods is surprising as well as disturbing. 
The case of the men loading iron for 16 hours every third week stands 
alone in the study. However, it is believed that the provision for rest 
between flights makes the aircraft data reasonably descriptive of the 
situation under consideration in this study. 

CONCLUSIONS 

In view of the specific conditions believed present and the experience 
reviewed in this study, the following conclusions seem appropriate: 

1. No quantitative estimate of work decrement can be made for mainte
nance employees involved in overtime snow removal operations. This is 
due in part to the difficulty of determining a satisfactory measure of 
work accomplishment but mostly due to the factor of motivation which is 
believed quite significant in this particular activity. 

2. The efficiency experienced during overtime snowplow operations 
decreases with length of the work period but probably does not become a 
question for concern until after 16 consecutive hours of work. The 
decrease is due mainly to the increased likelihood of accidents but some 
work decrement may take place, particularly if motivation drops. The 
chances are very good that work decrement may become quite noticeable by 
the beginning of the third shift. 

3. Removal of the special motivation factor associated with the plow
ing operation would cause the overtime operation to be quite inefficient. 
Saturday work during regular working hours would be preferred to night 
work on a nonnal work day. 

4. Work periods longer than 24 hours would be extremely inefficient, 
particularly if the storm had abated and the employee was assigned to 
routine work. 

5. Lack of sleep by itself probably has little effect on the ability 
to perform work. It may well be an important factor in the consideration 
of efficiency because of sleepiness and the distraction of fighting to 
stay awake. 
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RECOMMENDATIONS 

l. Snow plow crews should be limited to 16 hours of continuous work. 
In an extreme situation this might be extended to 24 hours. 

2 . Operators should not be kept plowing continuously for longer than 
2-hour periods. They should be allowed to rest either on the road or at 
the garage, encouraged to stretch or engage in some form of mi.ld exercise, 
perhaps drink some coffee and eat some food. A wrm meal! should be con
sidered if the work period extends beyond 16 hours. 

3. If continuous :plowing is required well into the night, alternate 
crews might be used to allow time for rest and relaxation. 

4. For those men troubled w1 th sleepiness, use of drugs such as 
caffein or the amphetamines might be considered. 

5 . Any man -working much over 18 hours should be kept off the Job for 
at least 12 hours or preferably held off until the following day. Any 
work performed by these individuals is likely to be highly inefficient 
'lllltil they are thoroughly rested. 
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ANALYSIS OF ACCIDENTS INVOL YING FIELD MAINTENANCE 
EMPLOYEES OF THE IOWA STATE HIGHWAY COMMISSION1 

MARCH 1960 
by 

H, A. Padgett 

The following tabulations, Tables 193 t hrough 201, present a sununary 
of personal injury accidents to field maint enance employees of the I owa. 
State Highway Commission, from July through December 1959. 

Equipment operators reported a larger number of injuries than did 
any other class of personnel, and these occurred more frequently while 
operating equipment than while doing other work. However, mechanics in
curred the highest frequency of accidents per employee. 

Although the part of body most frequently injured was the hand and 
fingers, back injuries caused the most lost time during November and 
Dec~mber, the months for which this information was available. 

Data presented in Tables 193 and 195 were obtained from the Maintenance 
Employee Record, January 1, 1960. 

Tables which present numbers of accidents and injuries are not in 
numerical agreement because some accidents caused multiple injuries. Ac
cidents and injuries data were obtained from Maintenance Department tab
ulations for the months July through November 1959 and from copies of the 
First Report of Injury for November and December 1959. 

Time lost because of injury as shown in Table 201 was obtained from 
copies of the Supplemental Report of Injury. 

TABLE 193 
NUMBER OF EMPIOYEES BY DISTRICT AND JOB CI.ASSIFICATION 

District Foreman Mechanic laborer Operator Total 

1 18 21 - 255 294 
2 18 19 - 180 217 
3 17 11 - 163 191 
4 20 21 2 210 253 
5 19 17 2 167 205 
6 13 18 4 190 225 - --

Total 105 107 8 1,165 1,385 

Percent of total 8 8 1 83 100 

y Safety is one of the specialized aspects of maintenance operations and 
this subject is one of the several objectives of the maintenance study. 
The numerical data presented herein constitute a convenient reference for 
those who are concerned with management aspects of the safety problem. 
This analysis as well as additional facts and observations about safety 
were furnished to the Central Office early in 1960. 



TABLE 194 

NUllllER OF ACCIDENTS BY DISTRICT AND THE YEARLY MAN -HOURS 
WORKED PER DISTRICT 

Accidents Man-Roura Worked 

District Number Fercent Number of ~rcent 
of of Man•Hours of 

Accidente Total 'Worked Total 

1 33 20 613,000 20 
2 32 19 473,700 16 
3 21 13 421,700 14 
4 29 17 538, 100 18 
5 23 14 454,900 15 
6 32 .IL ~ .11. 

Total 167 100 3,000,000 100 

TABLE 196 
NtMBER OF ACCIIEtfl'S BY WORtGWf'S ACTION AT TIME OF ACCIIElff' AND JO:B CIASSU'ICA!I'ION 

)lo.t"D&D • s Action at Job Cludl.l:oattoo Percent 
'1'otal of 

TiJDe of Ac:c1dant For.man MDchanic laborer Dpe:rator Total 

Operating equipnent - - - 24 24 15 
I.Taing band tools 1 4 1 15 21 l3 
Lifting, 10841.ng, unload-

..... ""7ins . . - 20 20 12 
t'o:i■OD o.,k. or -po1eonous 

2 12 14 8 b1t.H :M' . -
B~ruclc 'tor o ■at 1 l - 12 14 8 
l!ool<.u,garunhoolU~ 

6 """""""t .y - 1 - 9 10 
Struck by v■hicla or 

6 8 equipDBnt - 2 - 5 
Vehicle accident• . 1 . 3 4 l 
Velding or cuttine . 3 . l 4 2 
Ueillg pcnmr too1e . 2 . 1 3 2 
oettine into, out or, or 

on equip111tnt . - - ~ 2 l 
Repa.1rtng, adjusting, 

? 1 servicing eqU1p11111nt - . . 2 
Wal.king or ol:1m.bifl6 - . . 2 a l 
Ulling bot uphal.t or 

burnera . - - 1 1 l 
M111callaneoua .11 2.. _]_ - ~ ~ ~ 

Total 4 23 l 139 167 100 

Fercent of total e.coi-
danta 2 14 1 83 100 -- - --- ------ - -- -- ---- ...... -- ----- ---- ---

tf\abor or «mpl.oyu,u 105 107 8 1,165 1, 385 

Percent ot total ~ora 8 8 1 83 100 

!/. 'Po1DOR Of.ii ft.I'll J)Ohonow, -.;..l\a tnJurl11 ■ oecurrt:d on).y ~ur-lng ,1uJ.y nnd A\l,Q\IOt, 
Y,_ ffoohJng or \.lrlbooX:1r.g- oquJ.p;i,nt •ccldont.a aottt¥ tnmhcd •IKJ'oiJllO"I, 
7J M.IJl11t!.l.uiMOull u:d4i:inL• Vl!-!'I!! IO clctnlrt.o:I vlw7n .U,, w.o t.apoulbl.o to llotor

ntno: wori=ri' • Jet.Jon at. tho \1.Qo or lnJld'1 hast~ UHll t.a'b\,JatJ011 lllJ¢CIL , Dur.lng 

t0
~ ~ =::r~ ~~ .. t:.::tt!~·~ :!:h = ·!1~~d ~ac~=~~l)t,r, only 

TABLE 195 
NUllllER OF EMPLOYEES AND NUMBER OF ACCIDENTS BY AGE GROUP 

Employees Accidents 

As• ~ ·· 
croup Number i:.rcent Number Percent 

of of of Of 
»:nployees Total Accidents Total 

Under 20 9 l 2 l 
20-30 137 10 20 12 
30-4o 328 24 4o 24 
40-50 369 26 47 28 
50-6o 370 27 39 23 

over 6o 172 12 ...:2 12 - -
'.l'otal 1,385 100 167 100 

TABU: lg] 

NUMBER OF INJURIES 13Y JOB CIASSD'ICA!I'ION AND PARI' OF :OOOY mromm 

Job Cl.usific&tion 
Part of Bod3" Total Aircl!nt 

Injured InJuriH or 
Foreman Mechanio Laborer Operator Total 

Finger end hand 3 ll 1 35 50 28 
Beck 1 3 . 24 28 16 - - 4 . 15 19 ll 
Leg and knee - 1 . 15 16 9 
,:y. - 3 . 12 15 9 
Heed, neck, face - - . l3 13 7 
Shoul.dE' - 1 - 8 9 i Foot . l . 7 8 
Chest, ~n, 

oide - 1 . 4 5 3 
Hip . - . 3 3 2 
All other - . - 10 10 6 - - - - - -

Total 4 25 l 146 176 100 

Percent or total 2 14 1 83 100 



TA1ILE 198 

NUMBER OF ACCIDENTS Bt AGE GROUP AND WORKMAN'S ACTION AT TIME OF ACCIDENT 

Workman's Action Ago Group Total Percent 

at time o:r 
Number o:r Under over o:r 

Aaaident 20 20-30 30-40 4o-50 50-6o 6o Aooidents Total 

Operating equip11ent - 3 6 ll 3 l 24 15 
Using hand tool• - 4 5 2 6 4 2l 13 
Li:rtiag, loa41ng, unloa41ng, 

carrying l l 4 5 6 3 20 l2 
Poison Oak or poieoncua bite• - l I+ 5 2 2 14 8 
struck by abject 1 l 5 2 4 l 14 8 
ROOkins or unh.ooking equ:l.p11ent - 3 2 l 3 l 10 6 
stTUCk by vehicle or equipment - 3 l l 2 1 8 ' Vehicle accidents . l . l l 1 4 2 
Weldiag or outtii,g - l . 2 . 1 4 2 
Ulling power tooll - - l l l . 3 2 
(letting into, out :01; or on 

equipmont - . l l . . 2 l 
Reptu.ring, adjusting, aervioing 

oquiJllll',nt - - l l . - 2 l 
Walld.ng or olimbii,g . . l - . 1 2 l 
Using hot asphalt or burner, - - " l . . l 1 
Miaoell.aMOIIB - ..L ...2... .ll ..1! ..l.. ~ ..§. -

Total 2 ?.() 4-0 li-7 39 19 1.67 100 
Percent er total. l l2 24 28 23 l2 , , 100 

TAllLE 199 

NUMBER OF INJURIES BY AGE GROUP AND PART OF BODl INJURED 

Part o:r 
Ae;e Group Total. Percent Number 

Body Injured Ulder Over of of 

20 20-30 30-4-0 4o-50 50-6o 6o In,luriea Total 

Finger and hllnd . 8 l2 15 ll Ii so 28 
Baclt - 3 9 9 4 3 28 16 
Ann . . 4 4 7 4 19 ll 
Leg and knee 1 3 4 5 2 l 16 9 
:e-va - 2 4 5 2 2 15 9 
Bead, neck, face l l 2 3 4 2 13 7 
Shoulder - 1 . 2 3 3 9 5 
Foat; - 2 1 3 l l 8 4 
Chest, abdanen, aide - . l . 2 2 5 3 
Rip . . 1 1 l . . 3 2 
All other . ..L 2 -1 2 ...!... ...1£ 6 -

Total 2 22 40 50 39 23 176 100 
Percent of total l 13 23 28 22 13 100 

------------ ---- ---- - -- - - -- - - - - ... ---- ---- ,----
Number of Bnplayeee 9 137 328 369 370 172 1,385 

Percent of Total l 10 24 26 27 l2 100 



TABLE 200 

NUMBER OF INJURIES BY WORKMAN' S ACTION AT TIME OF INJURY AND PARr 6F BODY INJURED 

Part of Body Injured 
Workmnn' s Action 

at Time of Finger Leg Head Chest 
Injury and Baek Arm a.nd Eye Neck ShOUld,cr Foot Abda:ion Hip 

Hand Knee Fuce Side 

Operating equipment 9 4 3 l l l l l . 
Using hand t ools 14 . 2 . 2 l 2 . . . 
Lifting, l oading, unloading, 
carrying l 6 l 3 l l l 4 l l 

Struck by object 2 . l. 7 4 l. . . . 
Pois on Oak or poisonous bite s l 2 ~ 2 . . 1 . . l 
Hooki ng or unhooking equipment 6 3 . . . . . . . l 
Struck by vehicle or equipment 2 . l 3 . l . . . . 
Vehi cle accidents l l . l . l . . l 
Welding or cutting l . . . 2 . . l . . 
Repairing, adjusting, servicing 

equipment l l . . . l . . . . 
Using p°"er tools 2 . l . . . . . -
Getting into, out of, or on 

equipment . . . l . . - l . . 
Using hot asphalt or burners l - . . - l . . . . 
Walking or climbing - l . . . . . . l . 
Miscel.loneous 9 10 5 5 2 2 3 l 2 . - - - - - - - - - -

Total 50 26 19 16 15 13 9 8 5 3 

Percent of Total 28 16 11 9 9 7 5 4 3 2 

TABLE 201 

TIME LOST BEX:AUSE OF INJURY DURING NOVEMBER AND DECEMBER 1959 BY WORKMAN' S ACTION 
AT THE TIME OF IKJUHY AND THE PARr OF OODY INJURED ---

Part or Bod.:, ln,h.ll"'Cd 
Workman's Action 

Finger Read Cheat Leg 

Total 
Number Percent 

AU or of 

other I njuries TotaJ. 

3 24 14 . 2l 12 

. 20 11 . 15 8 
2 14 8 
. 10 6 
2 9 5 
2 7 4 
. 4 2 

. 3 < . 3 2 

. 2 l 
- 2 l . 2 l 
l 40 23 - -- -

10 176 100 

6 100 

Total 
Average 

Days 
at time of Back end Neck Ann Foot Hip Abdomen Eye .or Shoulder Lost 

Rand Toce Side Knee per 
Injury 

No, No, No, No, No, No, No, No, No, No. No. 
Injury 

of l>oy• or ~ of ~- of Daye of Days or Days of Days of Days of Daye of De.ys of Dl>Y• 
Inju, Loot Inju- ton Inju- Loot Inju- Lost Inju- Lost Inju- Loot Inju- Loot Inju- Lost Inju• Lo"" Inju- Lost 1"11>-
rieG rics ries rietJ ries :r}es ries ries ries ries rtea 

Lifting, loe.ding, 
unloading, carry-
ing 6 88 . . l 5 l 30 3 13 l 40 l 10 l 2 l l . . 15 J.&; 12,6 

Using hand toole . . 2 8 . . 2 35 . . . - . . . . . . . . 4 43 10.7 
Vehicle accidents . - l 10 l 5 . . . . . . l 10 . . . . . 3 ~ 8.3 
Using power tools . -· 2 9 - - - . . . . . . . . . - . . 2 , 4.5 
Booking or unhooking 

equipment l 5 . . . . . . - . . l 3 . . . . . . . . 2 8 4.o 
Repairing, od.]uouns 

servicing equip-
1/ ment l 1 4 l 4 - . . - . - . . . . . . . . 2 8 4.0 

Using hot &5Phal.t or 
burners . . l 2 l 2 . . . - - . - . - . . . . . 2 ~ 2,0 

Getting into, out of 
or on equipment . . . - . - - . . . . . . . . . l 3 - . 1 3 3 ,0 

Operating equipment l l - . . . . . . .. . . . . . . - . . l I LO 
Miscellaneous ..!.. ~ - =- ..!.. l.. - ..: - ..: - ..: - ..: ..L ..J - =- ..L ...L ..i. _lg 2, 5 

Total 9 96 7 3) 5 19 3 65 3 13 2 43 2 20 2 5 2 4 l 2 36 300 

Averege days lost 
per injury 10,7 4.'/ 3,8 21.7 4,3 21.5 10.0 2,5 2,0 2. 0 6,3 

!/ Has not returned to work. Not included in totals . 
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Section G 

PREDICTING PERFORMANCE FOR CREWS ASSIGNED TO 
MAINTENANCE OPERATIONS 

Studies in Iowa disclosed that average performi:,,nce was relatively poor 
for crews assigned to many maintenance operations. As previously indicated 
in the report, one of the major reasons for poor performance was lack of 
day to day planning by supervisors. Many supervisors do not believe it is 
possible to plan operations. Others do, but maintain that they do not have 
the necessary tools to do an effective job of planning. One of the prin
cipal tools needed is some means of predicting performance by crews oper
ating under the widely varying conditions encountered on actual jobs, 

Any successful method for predicting performance must take into account 
all of the factors which have a major influence on perfonnance. These 
include crew size, - number of equipment units utilized, and travel dis
tances. Other factors, such as work methods, type of equipment, load size, 
average travel speed and time lost due to delays can have a great influence 
on performance but usually do not vary greatly from job to job in any given 
county . They may, however, vary substantially from county to county and 
must then be taken into account. One method of evaluating the influence 
of the factors listed above would be to study each operation until all 
possible combinations of factors had been observed and related to perform
ance. This would require a vast expenditure of effort. The study group 
staff has developed a method for predicting performance which eliminates 
a great deal of the effort required by the first method. Operations must 
still be studied but only to a limited extent. 

Basically, the study group's method involves developing an algebraic 
equation which accounts for crew labor (or in some cases equipment) NAWT 
expended on an operation. Since NAWT consists of va rious cyclic work items, 
supporting work items and delays, each one must be included in some term 
of the equation. In some cases, a term may represent a large group of work 
items and/or delays. The terms are expressed so that they include all 
major factors which influence performance. For example, the tenn covering 
a crew's travel time might be written as follows: 

Travel time {min.)= No. of men x travel distance (miles x 60 
Average travel speed mph 

As indicated, some factors do not vary to any great extent for any given 
work methods and type of equipment. They roa.y be replaced by average values 
obtained from a limited number of studies. In the above example, the 
factors for number of men and travel distance vary from job to job but the 
factor average travel speed remains about the same with a given type of 
truck. After substituting for factors which do not vary to any extent, we 
have an equation in which terms include only those factors which vary 

197 
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sub1:1t;antially from Job to job. Performance may then be predicted by sub
stituting values known to exist on a given job for these variable f'acl:;01•s . 
Also, it is possible to see how much performance will change if any factor 
is given a different value. 

The following Iilaterial shows how this method works. The operation 
"erect snowfence" is used as an example. We will confine our attention to 
that part of the operation where fence is hauled and erected on previously 
driven posts. Table 202 presents one method of summarizing expected per
formance but it is possible to develop graphs or charts which may be more 
desirable for use by field supervisors plann:ing operations. 

NAWT for a crew hauling and erecting snowfence on previously driven posts 
may be expressed as follows: 

MD(X-G) 6oMT1 6oMT2 
MX=MG+---+--+--+ 

100 81 81 

6oMT3 + 60AH + 60.AH (M-N) + 6oAR 

81 IS2 IS2 N I.S3 

Where: 
A= total number of fence rolls erected by crew 
D = average percent of time away from the garage each man loses due 

to delays 
G = average time (Min.) each man on crew spends at the garage during 

the day including all work items and delays 
H = average distance (Miles ) fence rolls are hauled from stockpiles to 

worksites 
L = average number of fence rolls hauled per load 
M = number of men on crew (working as a team) 
N = number of trucks crew uses for hauling fence rolls 

Pi = average time (Man-Min.) to untie and unroll one roll of fence 
P2 = average time (Man-Min .) to tie one roll of fence to adjacent rolls 
~=average time (Man-Min .) to position one roll of fence on posts 
~ 4 = average time (Man-Min.) to tie one roll of fence to posts 
P5 = average time (Man-Min.) per roll of fence to drive extra or brace 

posts (needed in addition to posts previously driven) 
P6 = average time (Man-Min.) per roll of fence for men to -walk ahead or 

move ahead to next work area. 
'P-( = average time (Map-Min. ) per roll of fence for supporting work items 

at stockpiles including loading fence rolls 
PB= average time (Man-Min.) per roll of fence for supporting work items 

at worksites including unloading fence rolls 
R = average distance (Miles) returned from worksites t o stockpiles per 

load of fence rolls hauled (not e that this is based on number of 
loads hauled instead of number of return trips actually made) 

s1 = average speed (MPH) during travel 
s2 = average speed (MPH) during haul 
~lq = average speed (MPH) during return 
Ti' = average total distance (Miles) traveled by each man between the 

garage and worksites or garage and stockpiles during day 
T2 = average total distance (Miles) traveled by each man between worksites 

(but not between worksites and stockpiles) during day 
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T3 = average total distance (Miles) traveled by each man between work
sites and garage or between stockpiles and garage during day 

X = average NAWT (Min.) each man spends on the operation 

Note that: 

MX = NAWT (Min.) the entire crew spends on the operation 
(X-G) = average time each man spends away from the garage during the day 

A 
L = number of loads of fence rolls hauled 

M-N 
N = average number of men per truck other than drivers riding between 

stockpiles and worksites during haul and between worksites and 
stockpiles during return 

Simplifying:-

X = G(lOO-D)+DX + 60( T1+T2+T3) + 60A 1~ + ~1 + A(P1+P2+P3+P4+P~·P6+Py+-Pa) 

100 S1 LN s2 s3 M 

Solving for A: 

A = 

X -
G(lOO-D)+DX 

100 

6o (~ +~) + (P1+P2+P3+P4+P5+P6+Pyt-Pa) 

LN S2 S3 M 

After obtaining this type of expression fo r an operation, the next step 
would be to substitute values for each factor which would be rel atively 
constant as long as the same type equipment units and work methods were 
used. For this example, we will use the following values obtained during 
production studies in Iowa: 

D = 14% plus '2!'/o times the 
G = O.lX min. 
L = 15 rolls of fence 

P1 = 1.7 man-min. 
P2 = 0.7 man-min. 
P3 = 1.2 man-min. 
P4 = 2.4 man-min. 
P

5 
= 0.2 man-min. 

number of men = 14 + 2M 
P6 = 1.2 man-min. 
P7 = 1.8 man-min. 
P8 = ~. 5 man-min. 

R = 0.6 H miles 
s1 = 30 mph 
s2 = 20 mph 
s3 = 18 mph 

We will also assume that the crew works a full day so X = 4eo min. 

480 
_ 48 [100 - (14+2M] + 48o(l4+2M) _ 60(T1+T2+T3) 

A= 
100 30 

60 (..!!. + 0.6H)+ (1.7+0.7+1.2+2.4+0.2+1.2+1.8+3.5) 
1,5N 20 18 M 
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Sllll.[)lifying: 

A= 
371.52 - 8.64M - 2(T1+T2+T3) 

0.33H + 12.70 
N M 

If it is desired to obtain the production per man-hour, the above 
expression can be altered as follows: 

A' = 

A' = 

X = 

A' = 

A' = 

number of fence rolls erected per man-hour 

6oA 
MX 
48o minutes in the case assumed. so 

A 
BM 
371.52 - 8.64M - 2(T1+T2+T3) 

2 .64HM + l01.6o 
N 

The following table shows expected values for A and A' resulting f'rom 
various combinations of values f'or other factors. Pemember that: 

A = total number of fence rolls erected by entire crew 
A'= number of fence rolls erected per man-hour 
H = average haul distance (miles) 
M = number of men on crew ( worlting as a team) 
N = number of trucks used for hauling fence rolls 
(TJ.+'r2+T3) = total average travel distance per man (miles) 

TAllIE 202 
EXPECTED PERFO!WINCE FOR CREWS HAULING AND ERECTING SNOWFENCE ON PREVIOUSLY DRIVEN POSTS 

( T]_ + T2 + T3) _. 20 miles 30 miles 4o miles 

H - 5 miles 10 mileo 5 miles 10 miles 5 miles 10 mileo 

M t N t A A' A A' A A'. A A' A A' A A' 

2 1 39.3 2.45 32.6 2.03 36.8 2.30 30.5 1.91 34.,3 2.14 28 .4 1.77 
2 2 43-9 2.74 39.3 2.45 41.0 2.56 36.8 2.30 38.3 2.39 34,3 2.14 

3 1 52.1 2.16 4o.6 1.69 48.5 2 .02 37 .9 1.58 45.1 1.88 35. 2 1.47 
3 2 6o.5 2.51 52.1 2.16 56.5 2 .35 48.5 2.02 52.5 2.19 45.1 1.88 
3 3 63.9 2.66 57.4 2.39 59.8 2 .49 53,5 2 .23 55.5 2.31 49.8 2.07 

4 2 74.4 2.32 61.6 1.92 69.3 2.17 57.4 1.76 64.3 2.01 54.4 1.70 
4 3 79.9 2,49 69.5 2.17 74.5 2.33 64.9 2.03 69.1 2.16 6o.2 1.88 
4 4 83.0 2.59 74.4 2.32 77.4 2.42 69.3 2.17 71.8 2.24 64,3 2.01 

5 2 85.8 2.14 68.8 1.72 ~-9 2.00 64.1 1.6o 74.o 1.85 59.3 1.48 
5 3 93.3 2.33 79.2 1.98 .9 2.17 73.8 1.84 Bo.3 2.01 68.3 1.71 
5 4 97.7 2.44 85.8 2.14 91.0 2.28 79.9 2.00 84.2 2,ll 74.o 1.85 

6 2 95 .2 1.98 74.1 1.55 88.2 1.84 68.9 1.44 81.3 1.69 63.5 1.32 
6 3 104.8 2.19 86.8 1.81 97.2 2.03 Bo.5 1.68 89.7 1.87 74.3 1.55 
6 4 110.5 2.30 95.2 1.98 105.0 2.19 88.2 1.84 94.5 1.97 81.3 1.69 



THE NATIONAL ACADEMY OP SerEN'CES-NATIONAL RESEARCH COUN
CIL is a private, nonprofit organization of scientist;$, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa
tives nominated by the major scientific and technical societies, repre
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD a.re to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 




