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Conclusions obtamed by theoretical 
foimulae on concrete pavement design 
accoiding to many contemporary authors 
arc not completely substantiated by 
practical observations in certain localities 
01 under varymg conditions If i t be 
true that theie is a disparagement 
between these conclusions and practical 
observations of certam localities—then 
before any locality can accept such 
conclusions i t is necessary to detcimine 
the causes foi such differences and, where 
necessary, determine the proper con
clusions for the given conditions This 
status and the desire to improve practices 
impelled the Michigan State Highway 
Department to construct an cxpeumental 
concrete pavement which would embody 
ccitain modern theories of design and 
methods of constiuction The decision 
to build such a load was made piior to 
the submission bv the Public Roads 
Admimstiation of plans and procedure 
for constiuction of experimental roads. 
For this leason the set up is not entuely m 
agreement w ith the afoiemcntioncd plans. 
How cvei, the plans of the Michigan Test 
Road coincided in a general waj' with the 
Public Roads Administration outlined 
pioceduie and necessitated only a few 
changes to coi i espond with other similar 
studies Table 1 contains a summary 
of all the sections included in this 
in\ cstigation 

The road was constiucted on M-115 
in the noith central part of Michigan's 
lower peninsula and entails a length of 
appioxunatelv 10 7 miles This is of 
sufficient length to i educe the vai tables 
of construction to a minimum for each 
feature investigated. With the exception 
of a few thousand feet of clay underlying 
a 1-ft sand cushion, the cntiie project 
was placed on a uniform sand subgrade 

constructed m 1937. This subgrade 
condition insured a uniformity in density 
and fiiction which will introduce few 
variables m the final analysis. The 
location of this project is ideal from the 
standpoint of grade, alignment and 
average weather conditions of Michigan. 
The maximum grade is 0 65 per cent, 
the maximum curvature 0 deg 45 min. 
with an approximate length of 3,500 f t . 
The experimental project was constructed 
as a 22-ft. width road under regular 
contract and construction procedure using 
the Michigan State Highway Depart
ment's 1940 plans and specifications with 
supplementals. The concrete aggregate 
was supplied from a local gravel pit of 
glacial origin common to Michigan. 

JOINTS 

Because of the nature of concrete, 
joints are a necessary evil and have been 
one of the most controversial subjects 
in the design of concrete pavements. 
Therefoie, consideiable attention was 
given to this subject in the Michigan 
Test Road. 

Spacing. The pi imai y end in the design 
of joint spacing should bo the mmmium 
use of joints particularly for expansion 
As each joint breaks the contmuitj'^ of 
the concrete pavement and incorporates 
a new weakness, the maximum slab 
length should be used Because of the 
necessity of transverse joints the pave
ment requires a design to approach a 
continuous slab lesistant to static and 
natuial stresses. 

Expansion Joints. Expansion joints 
were spaced to give sections of 120-Ft., 
360-ft, 480-ft, 600-ft, 900-ft, 1800-Ft, 
and 2700-ft, lengths for various cross 
sections and various amounts of rein
forcing steel In addition, 300-ft. 
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T A B L E 1 

COMPARISON OF MiCHiaxN S T A T E H I G H W A Y D E P A R T M E N T J O I N T S T U D Y SCHEDTTLE WITH P U B L I C 
ROADS ADMINISTRATION S U G G E S T E D S C H E D U L E 

Section 
Length 

Expansion Contraction 
Weak
ened 
Plane 

Dummy 
Bainf. 
lb. per 

lundrad 
B q . f t . 

Cross 
Section Remarks 

No BOad 

Length 

Spacing I«ad 
Tnuis. Spacing Load 

Trans Spacing 

Bainf. 
lb. per 

lundrad 
B q . f t . 

Cross 
Section Remarks 

1 PRA 
fl. 

5280 
fl. fl. 

15-20-25 None None None 
tn. 

9-7-9 Contraction 
spacing de
pends on 
type agg. 

3F 
4F 
3E 
4E 

MSHD 
MSHD 
MSHD 
MSHD 

2700 
2700 
1800 
1800 

2700 
2700 
1800 
1800 

20 
10 
20 
10 

D.B. 
D .B . 
None 
None 

None 
None 
None 
None 

None 
None 
None 
None 

9-7-9 
9-7-9 
9-7-9 
9-7-9 

See 3F & 4F 
adjacent 1 
joint in 1 
mile 

2 PRA 2640 800 D .B • 15-20-26 None None None 9-7-9 •Approved 
load trans. 

3- D - l 
4- D - l 
3- D-2 
4- D-2 

MSHD 
MSHD 
MSHD 
MSHD 

900 
900 
900 
900 

900 
900 
900 
900 

D B * 
D.B. 
D .B 
D B . 

20 
10 
20 
10 

D .B 
D.B . 
D B 
D B . 

None 
None 
None 
None 

None 
None 
None 
None 

9-7-9 
9-7-9 
9-7-9 
9-7-9 

3 PRA 2640 400 D B . 15-20-25 None None None 9-7-9 

3C 
4C 

MSHD 
MSHD 

1440 
1440 

480 
480 

D B . 
D .B 

20 
10 

D.B. 
D B 

None 
None 

None 
None 

9-7-9 
9-7-9 

4 PRA 1320 120-125 D B . 15-20-25 None None None 9-7-9 

10-B-l 
lO-B-2 

MSHD 
MSHD 

1080 
1080 

120 
120 

D.B . 
D .B 

20 
15 

None 
None 

None 
None 

None 
None 

9-7-9 
9-7-9 

5 PRA 1320 120-125 D B . 15-20-25 D B . None None 9-7-9 

3A 
4A 

10-A-l 
lO-A-2 

MSHD 
MSHD 
MSHD 
MSHD 

360 
360 

1080 
1080 

120 
120 
120 
120 

D .B 
D.B . 
D .B 
D .B 

20 
10 
20 
15 

D .B 
D B . 
D B 
D B . 

None 
None 
None 
None 

None 
None 
None 
None 

9-7-9 
9-7-9 
9-7-9 
9-7-9 

6 P R A 1320 120 D B 60 D B . None 70 9-7-9 

S 
l A 
2A 
5A to G 

MSHD 
MSHD 
MSHD 
MSHD 

600 
360 
360 

2520 

120 
120 
120 
120 

D .B 
D.B . 
D B 
D B 

60 
60 
30 
30 

D B 
D B 
D B 
L T . 

30 
30 
15 
None 

60 
60 
37 
37 

9-7-9 
9-7-9 
9-7-9 
9-7-9 

7 PRA 1320 120 None 15-20-25 None None None 8 unif 
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T A B L E 1—Concluded 

Section 
Length 

Expansion Contzaotion 
Weak
ened 
Plane 

Dummy 
Remf 
lb per 

hundred 
sq f t 

Cross 
Section Bern arks 

No Sehed 

Length 

Spacmg Load 
Trans Spacing Load 

Trans Spacing 

Remf 
lb per 

hundred 
sq f t 

Cross 
Section Bern arks 

6A 
6B 
6C 
6D 

MSHD 
MSHD 
MSHD 
MSHD 

ft 
600 
600 
600 
600 

ft 
120 
120 
300 
300 

D B 
None 
None 
None 

ft. 
30 
20 
15 
10 

None 
None 
None 
None 

None 
None 
None 
None 

None 
None 
None 
None 

in 
8 unif 
8 unif 
8 unif 
8 unif 

00 00 00 
00 

MSHD 
MSHD 
MSHD 
MSHD 

600 
600 
600 
600 

120 
120 
300 
300 

D B 
None 
None 
None 

30 
20 
15 
10 

None 
None 
None 
None 

None 
None 
None 
None 

None 
None 
None 
None 

7 unif 
7 unif 
7 unif 
7 unif 

I B 
I C 
I D 
I E 
I F 

MSHD 
MSHD 
MSHD 
MSHD 
MSHD 

720 
1440 
1800 
1800 
2700 

240 
480 
900 

1800 
2700 

D B 
D B 
D B 
D B 
D B 

60 
60 
60 
60 
60 

D B 
D B 
D B 
D B 
D B 

30 
30 
30 
30 
30 

60 
60 
60 
60 
60 

9-7-9 
9-7-9 
9-7-9 
9-7-9 
9-7-9 

2B 
2C 
2D 
2E 
2F 

MSHD 
MSHD 
MSHD 
MSHD 
MSHD 

720 
1440 
1800 
1800 
2700 

240 
480 
900 

1800 
2700 

D B 
D B 
D B 
D B 
D B 

30 
30 
30 
30 
30 

D B 
D B 
D B 
D B 
D B 

15 
15 
15 
15 
15 

37 
37 
37 
37 
37 

9-7-9 
9-7-9 
9-7-9 
9-7-9 
9-7-9 

3B MSHD 720 240 D B 20 D B None None 9-7-9 

4B MSHD 720 240 D B 10 D B None None 9-7-9 

7A 
7B 
7C 
7D 

MSHD 
MSHD 
MSHD 
MSHD 

600 
600 
600 
600 

120 
120 
120 
120 

D B 
D B 
D B 
D B 

60 
30 
20 
10 

D B 
D B 
D B 
D B 

• 

30 
15 
None 
None 

60 
60 
None 
None 

8-6-8 
8-6-8 
8-6-8 
8-6-8 

9A MSHD 1800 100 L T None None None None 9-7-9 

sections \\eie constiuctcd on 7-m. and 
8-m unif01 m pavement without rein-
f01 cement steel Since the project is 
built ovei a uniform subgrade, the 
findings should enable us to determine 
propel slab lengths for the various 
pavement designs. 

Closely associated with expansion joint 
spacing is the requirement of expansion 
space. A 1-in joint width was mam-
taincd foi the vaiious lengths of slabs. 

Tests on joint width movement will be 
a piimary factor in determining the 
necessaiy expansion opening 

Contraction Joints' As in the case of 
expansion jomts, contraction joints are 
essential in conciete pavement to relieve 
the slab of excessive strcs&es The 
spacing of the conti action lomts is 
determmed by the maxmium length of 
slab that eliminates the possibility of 
transverse crack occurrence inter-
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mediately between contraction joints 
due to temperature, moisture and sub-
grade reactionary stresses. 

Weakened plane "dummy" jomts also 
are mcluded m some of the sections and 
are placed at 15 and 30-ft. spacmgs for 
8 - 6 - 8 in , and 9 - 7 - 9 in., cross section 
pavement using 37 and 60 lb. per 100 sq. 
f t . of reinforcing steel. This type of joint 
is used in Michigan as standard practice 
and an opportunity is afforded to evaluate 
weakened plane joints with contraction 
joints at close spacings. 

The proper spacing of joints will be 
determined by permissible maximum 
stress intensities induced by linear fric-
tional restraint and flexural weight re
straint; whereas the detailed design 
features of the joint itself are determmed 
by the desired structural mteraction 
between jointed slab units. 

Design: The design of joints neces
sitates consideration of structural features 
among which are freedom of movement 
for expansion or contraction, flexibility 
and load transfer where necessary. To
gether with these functions, consideration 
must be given in the jomt design to 
adequate seal to prevent infiltration of 
water and foreign matter. Although 
these phases were not of major impor
tance m this project, several units of 
various types of expansion and con
traction joints were mstalled with 
the intent of determining their^ design 
weaknesses. 

The efficiency of dowel bars and other 
load transfer devices will be compared 
with thickened edge jomts for balanced 
design of pavement. 

In conjunction with the contraction 
joint spacing investigation, various load 
transfer devices were installed together 
with dummy contraction joints having 
no feature for transference of load. Four 
major types will be studied, first, ag
gregate interlock with load transfer which 
involves the use of coated f-m. roimd 
bars 15-in. in length at 15-in. spacmg 

transversely. Either a groove or ribbon 
type weakened plane 2^ m deep is used 
to control crack development. The ag
gregate interlock which results from the 
crack formed below the weakened plane 
aids in the transference of load when the 
joint is closed. With the joint open, 
the slip dowel bars function independ
ently m the distribution of load stresses. 

The second type of contraction joint 
is essentially the same as the first with 
the elimmation of slip dowel bars. In 
this type, the transfer of load is dependent 
entuely upon aggregate interlock. Load 
transfer is obtained only when the joint 
is in a closed condition. 

The third type of contraction joint 
makes use of the l-in. dowel bars without 
any assistance from aggregate interlock. 
This was accomplished by installmg 
joints with a metal divider plate to 
insure a vertical division of the slabs 
with load transfer through slip dowel 
bars only. 

The fourth type consists of a contin
uous plate dowel with a metal dividing 
strip. This type is intended to pro
vide more uniform distribution of load 
transfer. 

I n some cases, both m expansion and 
contraction joints, corner bars 1-m. 
m diameter by 18-in. in length were used 
to maintain mutual elevation of the 
slabs. 

These installations should enable us to 
evaluate load transfer and preservation 
of mutual elevation when using aggregate 
interlock, aggregate interlock plus load 
transfer devices and independent load 
transfer devices. 

CROSS SECTION 

In the design of a pavement slab on the 
basis of stress analysis many factors must 
be considered. The complex manner in 
which these factors are interrelated and 
the values of the factors have provided 
a very controversial field. I t was be
lieved, by the planners of the Michigan 
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Test Road, that on certain types of 
subgiades pioviding better than average 
suppoit, reduced thickness of pavement 
might be used. Also, i t has been argued 
that equivalent uniform thickness pave
ments aic pel haps moie satisfactoiy and 
economical than the balanced cioss 
sections Foi example, a uniform thick
ness pavement designed to resist edge 
stiesses requires no joint stiengthenmg 
whereas the thickened edge type cross 
section demands strengthenmg for a 
balanced design I t was hoped, in the 
planning of the test road, that some of 
these factors could be measured and some 
of the complex relations studied and 
simplified Therefoie, four diffeient 
types of 01 OSS sections were set up in the 
study of this project namely, 9-7-9 in , 
Michigan State Highwav Department 
standard cioss section; 8-in uniform, 
the approximate equivalent of 9-7-9 in ; 
8-6-8 in. a i educed cross section which 
might be used on subgrades of sufficient 
suppoitmg value; and 7-in. uniform, 
the appioxmiate equivalent of the pre
ceding cross section 

REINFORCEMENT 

Elaboiate surveys have been made to 
determme the value of steel reinfoicmg 
in concrete pavements. The results have 
again opened up a controversial field. 
Although the proponents of plain con
crete pavements can present many 
plausible arguments, theie are many 
unansweied questions. Among these aie 

(1) Relation of plam uniform cross 
section to reinforced "balanced" 
CIOSS section 

(2) Economics of reinforced cioss sec
tions of both types versus plam 
cross sections with adequate joint
ing. 

(3) WTiat IS an adequate amount re-
mfoicing steel' 

I t was felt in planning the Michigan 
Test Road that inasmuch as the length 
of the pioject allowed foi comparatively 

long stietches of both types of pavements 
and obscivations could be made under 
identical conditions, peihap.s some of the 
questions might be an&wcicd To this 
end, .sections were constuictcd using 
9-7-9 m ; 8-6-8 m ; 8-in and 7-m 
uniform cioss section using plam con
crete, and leinfoiccd conciete with 60 
lb per 100 sq f t and 37 lb pei 100 sq f t . 
.loints were spaced as descubcd undci 
"Joint Spacings" 

METHODS OF MEASUREMENT 

Foi piopei appraisal of the structural 
efficiencv of the elements of design con-
sideied in this pioject, pei iodic visual 
examinations together with measuicment 
of displacements and physical conditions 
must be made 

DISPLACEMENTS 

The displacements which occur m the 
various sections arc affected by volume 
change of conciete, su pei imposed loads 
and subgiade diiTcicntials These dis
placements are detei mined by change 
m joint width and slab movement 
horizontally and vertically 

Joint Width Change Jomt opening 
and closing is measuied on reference 
pomts which aie holes drilled in heads of 
galvanized roofing nails A Starrett 
micrometer caliper leading to 0 001 in. 
was adapted foi taking measuiements. 
The initial readings weie taken the 
morning following the placing of the 
pavement and subsequent leadings for 
daily, seasonal and permanent joint 
width determmations will be made inso
far as possible in accoi dance with the 
Public Roads Administration outline. 
To insuie accuiacy of the leadings and 
avoid any ciiticism of the results in the 
use of loofing nails as reference pomts, 
in one section consisting of a day's 
work, a seiies of biass plugs held in 
place with sulphur wcic installed. I f 
variations develop that have been caused 
by corrosion of the nail heads, the entire 
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project will be replaced with brass plugs 
set in sulphur. 

Slab Movement: Practically all of the 
joints being studied for width movement 
have precise level reference pomts con
sisting of -^-in. by 2^-in. carriage bolts, 
set in the concrete at the time of con
struction to determine the vertical move
ment at the joints. Intermediate 
reference points were set in a number of 
slabs. The day following placmg of the 
concrete, the initial elevations of all 
points were established by precise level 
measurements. Durmg this coming 
winter, preferably a uniformly cold 
period, a complete set of levels will be 
run. This wiU be repeated during the 
summer of 1941, during a uniformly 
high temperature period. In this maimer, 
the extremes m temperature variation 
and their effect on the concrete pavement 
will be established. Three years following 
the construction of the design project, a 
third set of levels will be run for ob
servations on permanent vertical slab 
movement. 

The relative horizontal movement of 
various concrete pavement slabs will be 
measured m conjunction with the vertical 
displacement and at such other times 
as may be necessary. To obtain accurate 
measurement of pavement movement, 
an 8-m. pipe casing was set in the 
subgrade to a depth of 6-ft., the mtenor 
of which is excavated. Centered in the 
casing is a 2-in. pipe to a depth of 12-ft. 
below the concrete pavement on top of 
which is placed a chrome plated pipe 
cap having reference cross hairs etched 
in the surface. In this manner the 
shifting of subgrade soil due to frost 
action or slab movement will not affect 
the origmal position of the reference pipe. 
A specially designed monument box, 
containing a machmed brass bushing 
to hold a glass plate having etched 
cross hairs, set in a brass ring, is cast in 
the concrete immediately over the 8-in. 
casing. With a telescopic instrument 

constructed to permit adjustments both 
longitudinally and transversely in respect 
to the pavement, the increments between 
sight on reference pipe and reference 
plate can be measured to 0.1 mm. A 
line of sight is established at initial 
reading parallel to center line of pave
ment at location of monument box and 
the instrument attached on a tripod 
which can be repeatedly set up with a 
positive assurance of accuracy as to posi
tion and alignment. This feature of the 
design study incorporates observa
tions on seventy-nine of the described 
installations. 

PHTSICAL CONDITIONS 

Physical conditions which must be 
measured are those which affect slab 
movements and those which are the 
result of slab movement. These con
ditions which are being measured in the 
Michigan Test Road are: temperature 
of concrete, moisture content of concrete 
and subgrade, strain in concrete, sub-
grade bearing capacity and meteorological 
conditions. 

Temperature of Concrete: Temperatures 
are determined by the use of thermo
couples embedded in the concrete and 
subgrade. For the pavement slab they 
are placed every inch throughout its 
depth beginning 1 in. from the surface. 
Subgrade temperatures are read at 1, 3, 
7 and 13-in. below the pavement. Four 
such layouts were installed 5-ft. 6-in. 
from the edge of the pavement at critical 
points in the design project. At one of 
these locations two additional thermo
couple assemblies were embedded as 
described except that the distance from 
the edge of pavement was 1-in. and 10-ft. 
6-in. respectively in order to obtain 
temperatures at extreme edge and center 
of slab. All the thermocouple junctions 
were cast in lead after twisting and braz
ing and the point of entrance of wire 
leads into lead plugs taped and sealed 
with asphalt. This was done to insure 
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true tempeiatuic leadings without bomg 
affected by moisture leaks 

Moisture Content- At the same loca
tions as the theimocouples, moisture cell 
assemblies woi e also installed to measure 
moistuic content The moistuic is de
termined, coincident with the tempera
ture at similar adjacent positions in the 
slab and subgrade The cells used for 
measuring moisture content consist of 
two exposed wiies sepaiated 1 in and 
cast in chemically pure plaster of Pans 
to form blocks ^-in by l^-in hy 25-in. 
approximatelj\ The moisture budge 
measuies the icsistance m ohms of 
potential fiom one pole to the other, the 
moisture content of the cell being 
inverselj' propoitional to the resistance 
The temperatuie and age of the concrete 
create variables in recording the moisture 
but a nomogiaph has been constiucted 
for adjusting the resistance leadmgs for 
such vaiiations to obtain the tiue 
moisture content of the concrete pave
ment In the subgiade a correction 
curve designed foi tempeiaturc dif
ferentials only IS necessaiy 

Strain m Concrete: Measuiements of 
stiain at the neutral axis and at the 
surface of the slab aie being made at 
special locations to determme differences 
in tensile, compressive and warping 
stresses for various spacings of expansion 
and contraction joints 

The interior strains and temperatures 
of concrete are measured with the Carlson 
electiic strain meter. This meter con
sists of verv fine elastic music wire 
thieaded on small poicelain spools which 
are rigidly secured to steel bars connected 
one to each end of the meter. One coil 
IS immediately within the other but not 
touching it. The elastic wiie is placed 
in position under tension and when the 
meter is under compiession, the outer 
con is released and the tension of the 
inner coil is increased, or vice versa for 
tension. The ^Mre coils aie at equal 
temperatures which is important as 

a -4V deg. change mtioduccs considerable 
error. Due to the linear relationship 
between resistance and tension, the 
resistance ratio is changed in diiect 
proportion to the change in gage length. 
The coils aie connected to a poitable 
testing set, foiming a AVhcatstonc bridge 
circuit The strain metci is covered 
with a metal shield to protect i t against 
moisture leaks and is embedded in the 
concrete m this manner. Twcnty-six 
such meters have been placed 

Immediately over the Carlson strain 
meters and at a few additional locations 
suiface strain measuiements aie being 
made with the Bciiy stiain gage. In 
this mannei, stress differentials between 
the surface and inteuor of concicte 
pavement can be analyzed foi tcmpeia-
ture and moisture changes in the concrete 

Subgrade Bearing Capacity Duimg 
construction, subgiade tests ot density 
and moisture content were made. Sub
giade bearmg capacity tests were con
ducted prior to placing the pavement and 
check tests are contemplated through 
openings coied m the concrete pavement 
at the locations of the oiiginal tests. In 
these deteiminations, 10, 50 and 100 sq 
in area circular plates are used The 
static load was applied through ahydiaii-
lic j ack from a loaded t i uck The 1 csisting 
load was recorded by a dynamometer 
ring with a dial sensitive to 0 0001 m. 
deflection of the iing. The penetration 
of the plate was measured with three 
0 001-in dials equally spaced aiound the 
edge of the plate Bearmg \aluc-> are 
established for each size plate with and 
without a superimposed load suiiounding 
the plate equivalent to the weight of the 
concrete slab over an aiea affected by 
slab weight in le&pect to area of plate 
being loaded I t is hoped that the results 
of these tests will assist in the develop
ment of a simple method for dctci mining 
subgrade modulus 

Meteorological Date. Throughout the 
constiuction of the project meteoro-
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logical data were obtained includmg 
temperature, relative humidity, precipi
tation, evaporation, wind direction and 
velocity. The gathering of this informa
tion will be continued for the entire 
penod of the design project investigation 
predetermined as approximately five 
years. 

INCIDENTAL STUDIES 

A few incidental studies were intro
duced mto the Michigan Test Road which 
were of interest to the Michigan State 
Highway Department and pertment to 
the improvement of concrete slab con
struction These sub-investigations 
comprised, stress curing of concrete, 
mechanical spreading of concrete and the 
use of various joint sealers. 

Stress Curing: Eighteen hundred feet 
of concrete pavement were placed by the 
stress curing method of construction 
which eliminates steel reinforcement and 
transverse joints other than expansion. 
The slabs were laid m 100-ft. lengths 
and the pre-stressmg of the concrete 
accomplished by use of canvas covered 
rubber hose pressure cells mserted m the 
joint openings. These were expanded to 
exert pressures based on results of tests 
on representative specimens 7 by 9 by 
14-in. cast throughout the period of 
construction of the stress curing section. 
The pressures were increased at a rate 
controlled by determinations of strength 
increase of specimens up to a maximum of 
200 lb. per sq. in. This pressure was 
maintained until the modulus of rupture 
reached the 7-day specification strength 
requirement of 550 lb. per sq. in. After 
this period, one slab was utilized to 
determine the subgrade fnction factor 
by making use of the pressure cells to 
cause slidmg. The pressures were ap
plied in increments of 25 lb. per sq. m. at 
10-min. intervals. In the first test no 
movement of slab occurred until the 
pressure reached 187 lb. per sq. m. and 

was then released with a resultant move
ment of 0 264 in. There was a small 
amount of residual movement after 
release of the pressure. In the second 
run, definite movement of the slab 
occurred at 50 lb. per sq. in. with a 
movement of 0.507 m. following applica
tion of 200 lb. per sq. in. load. A third 
test was run with very little change in 
values and the indicated subgrade value 
for sand was found to be about 1.75. 

Mechanical Concrete Spreader: With 
the exception of 600 Im. f t the concrete 
for the design project was placed and 
consolidated by means of a mechanical 
concrete spreader Observations were 
made on the uniformity of distribution 
and placing of the concrete with and 
without the spreader. Flexural strength 
tests on beams cast on the subgrade with 
and without concrete spreader and beams 
vibrated with internal vibrator will be 
reported for 7 and 28 day tests to de
termine characteristics of strength for 
each type of concrete placement. 

The study of the effectiveness of the 
concrete spreader was supplemented by 
the analysis of the fresh concrete by the 
Dunagan method Three samples imme
diately following the transverse finisher 
were taken at top, center and bottom 
of slab respectively and compared with 
analogous tests on standard construction. 

Similar test samples were taken immedi
ately before and after the mechanical 
longitudmal finisher to determine the 
effect of this method of finishmg 

Jotni Sealers: The finishing and 
spreading operations m the construction 
of a concrete pavement are very impor
tant, yet there remams one other con
struction and design detail which may be 
of greater importance, namely, adequate 
and proper setilmg of the joints. Probably 
many of our problems of pavement design 
would be simplified if more attention were 
given to this important item. 
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A seal of the asphalt oil latex tvpe has A new type of expansion joint was also 
been developed by the Michigan State used which employs the poured filler of 
Highway Department which shows pi om- asphalt oil latex as a seal, completely 
ise of pioviding an adequate seal sealing top, sides and bottom of joint. 

In this pioject all of the expansion The contiaction joints weie sealed with 
joints weie sealed with this matciial picmoldcd bituminous stiip and asphalt 
except a few in which other types of oil latex seal Pei iodic obscivations 
fillers weie use. These types included will be made to deteimine the effective-
poured lubbei, piemolded rubbei and tai ness of the vaiious types of seals 




