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Foreword 

At the 20th Annual Meeting (1940 of the Highway Research 
Board a general description was presented of an investigation 
of "Joint Spacing in Concrete Pavements" that was being in­
stituted as a cooperative research between the respective high­
way departments of California, Kentucky, Michigan, Minnesota, 
Missouri and Oregon and the Public Roads Administration. In 
each State an Experimental Pavement several miles in length, 
embodying the experimental features has been constructed and 
kept continuously under observation. 

The projects in Kentucky, Michigan and Minnesota are de­
scribed in Volume 20, Proceedings, Highway Research Board, 
and those in Oregon and Missouri in Volume 21. The general 
description of the California project is given with the California 
report in this bulletin. . 

In addition to these experimental pavements in service in 
the several States the program included a study of the structural 
efficiency of transverse joints of the weakened-plane type to be 
made by the Public Roads Administration. 

Briefly, the experimental features common to the six State 
projects consist of a series of plain and reinforced concrete 
sections in which the joint spacing is varied. The plain con­
crete sections have transverse contraction joints at relatively 
close spacing (15 to 25 ft.) and expansion joints at 120, 400, 
800 and 5280 ft. The reinforced sections have expansion joints 
at 120 ft. spacing with one intermediate contraction joint. 

In general, load transfer devices were used in all expansion 
joints but were used in only part of the contraction joints of a 
given project in order to determine whether or not load trans­
fer is needed with closely spaced contraction joints of the weak­
ened-plane type. Several of the States included in their projects 
additional experimental features of design that were of particular 
interest to them. These features are described in the reports 
mentioned above. 

Research Report No. 3B "Investigational Concrete Pavements, 
Progress Reports of Cooperative Research Projects on Joint 
Spacing" issued in 1945 describes the condition of the pavements 
at that time. 

This report contains progress reports describing the con­
dition of the pavements in the respective states and presents 
data collected up to the present time. A comparative study of 
the data is reported by Mr. E. C. Suther land of the Bureau of 
Public Roads. 
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Analysis of Data from State Reports 
EARL C. SUTHERLAND, Bureau of Public Roads 

eTHE several experimental pavements for this investigation were constructed in 1940 
and 1941. The pavements in Kentucky, Michigan and Minnesota are described in Pro­
ceedings, Highway Research Board, Vol. 20 (1940) and those in Oregon and Missouri 
in Vol. 21 (1941). The California pavement was described in the 5-year progress re­
port published in 1945 with progress reports of the investigations in the othe::.- five states 
(1). A complete report of the study of the structural efficiency of transverse joints of 
the weakened-plane type made by the Bureau of Public Roads as a part of this investi­
gation was also included in this same publication (1, 2). 

A comparative analysis of the data contained in the six state, 5-year progress re­
ports was published in 1946 (3). 

Each of the pavements contained what might be called basic sections which were of 
essentially the same design in all of the states. Several states also incorporated in 
their pavements additional designs that are of interest, but do not lend themselves to 
comparative study. In this summary study only the data obtained from the studies of 
the basic sections will be included. 

The spacing of the expansion and contraction joints in these pavements is shown in 
Table 1. It will be observed that the majority of the sections are of plain concrete and 
have contraction joints at intervals of 15 to 25 feet, the spacing in the different pave­
ments being that favored by the respective states. The most important variable in this 
investigation is the spacing of the expansion joints and as the table shows this varies 
from an interval of 120 feet to no expansion joints in a mile of pavement. 

Further data pertaining to the structural design of these pavements are given in 
Table 2 and it will be noted that in some details there are a number of differences in 
the designs of the pavements of the different states. For example, California used a 
redwood board expansion joint filler while the remainder of the states used preformed 
bituminous fiber and Missouri used the Translode base load transfer device while the 
remainder of the states used plain dowels. Also, the amount of expansion space was 
held constant for the various expansion joint spacings in the pavements of all of the 
states except Michigan. In this state the amount of expansion space was increased 
as the distance between the expansion joints was increased. In the more impor­
tant details the designs of the pavements of the different states are, however, very 
similar. 

In Table 3 are shown the length of the several pavements, the period of construction, 
the methods used in curing each and the time at which the basic set of measurements 
were made for determining the joint width changes. It will be noted that (1) with the 
exception of the California pavement and part of that in Michigan all were laid during 
the summer months, (2) methods used in curing the pavements varied widely, (3) the 
time at which the basic joint-width measurements were obtained ranged from immedi­
ately after the concrete had taken its initial set to several months after the pavement 
was laid. 

Since the construction of these experimental pavements all of the states have made 
measurements and observations of the following: (1) daily and seasonal variations in 
temperature, (2) daily, seasonal and progressive or permanent changes in the widths 
of the expansion and contraction joints, (3) measurements of faulting at the joints, (4) 
pumping and (5) the general condition of the pavement. 

After the publication of the 5-year reports the schedule of daily and seasonal joint 
width measurements was greatly reduced but other measurements and observations, 
including permanent joint width measurements, were continued. 

A summary of the traffic data for the several pavements during the first 10 years of 
their life is shown in Table 4. It will be observed that there has been a moderate a­
mount of heavy truck traffic on the Oregon pavement, but that the amount of truck traf­
fic on the other pavements has been relatively light with the possible exception of the 
California pavement. The amount of traffic of all types is, however, increasing on all 
of the pavements. 

1 



2 

TABLE 1 

SPACING OF EXPANSION AND CONTRACTION JOINTS 
IN DIFFERENT SECTIONS OF PAVEMENTS 

Section 
No. 

Spacing or 1o lnl8 
1::xpanslon ConGaotlon 

feet fe et 

1 mile 15 to 30a 
(approx.) 

Reinforcement 

lb. per 100 sq. ft. 

None 

2 800 15 to 30 None 
3 400 15 to 30 None 
4 120 to 125 15 to 30 None 
5 120 to 125 15 to 30 None 
6 120 120 IJ 60 or 70 
7 120 to 125 15 to 30 None 

a The spacing was generally the s ame throughout the length of 
bhe r espective projects but varied between the diffe rent states . 

60-foot joint spacing. 

Expansion Joints Closed Progressively 

In Figure 1 is shown a comparison of 
the annual and progressive changes in the 
widths of the expansion joints in the non­
reinforced sections. The annual joint­
width changes are indicated by the length 
of the s t ippled bars and were computed 
from data obtained in the winter and sum­
mer of each year. Since the data for each 
annual cycle are plotted with respect to the 
same basic set of measurements, taken at 
the time indicated in Table 3, the position 
of the bars indicates the progressive or 
permanent changes in widths of the joints. 

It was not always possible to make measurements at the joints under extreme condi·· 
tions so that the annual width changes presented are not necessarily the maximum for 
the yearly cycle. This same limitation also had an influence on the indicated progres­
sive changes in width. 

It will be observed that there is a general tendency for the expansion joints to close 
with time and that the annual change in width of the joints is as a general rule greater 
during the early life of the pavement than later. The annual changes in width of the 
joints, shown in this figure, are caused by the combined effect of the annual moisture 
and temperature changes of the concrete and the progressive change in width of the 
joint. The change in width caused by the annual moisture and temperature change of 
the concrete would be expected to be approximately the same each year, but the annual 
progressive change in width becomes smaller with time. For example, assume that a 
plain concrete pavement with expansion joints and closely spaced contraction joints is 
laid during the spring at a reasonably low temperature. As the temperature rises 
seasonally the pavement will expand, causing the slab units to be shifted over the sub­
grade toward the expansion joints which results in a progressive closure of those joints. 
As the temperature of the pavement drops seasonally the slab units will not be shifted 

TABLE 2 

DESIGN DATA ON THE EXPERIMENTAL PAVEMENT INCLUDED IN THE COMPARATNE STUDY 

Expanslon :Joints Contraction Joints Reinforced section a 
State Cross 

s ection Width Fille r Load Type Load Panel Weight of 
transfer transfer l.c ngth reinforcement 

in. ln. feet lb. per 100 sq. ft. 

Mich. 9-7-9 1b P r eformed Dowels Flexplane Dowels soc 60 
bituminous ribbon 
fibe r 

Minn. 9-6-9 Prefo rmed Dowels Grooved1 No dowels 60 
7 unlf. bituminous except Rs coppP.r w:1 tP.r P.Xr.P.pt. ~rn 

fiber or notedd seals and noted e 
gr anulated latex-oil 
cork mixture in 

,, 
majority 

Mo. 9-7-9 Prefo rmed Translode Grooved, Dowels 60 70 
9. 8-7. 8-9. 8 bituminous base pres sure 

fibe r injected 
T a rvla XC 

Ky. 9- 7-9 l Dowels Dowels B ituminous Dowels 60 70 
7 unif. except as fibe r s trip 

notedd (sealed) 
Calif. 9-7-9 '!, Redwood Dowels Grooved, Dowels 60 70 

8 unif. strips poured 
blended 
asphalt 

Ore. 9-7-9 •;. Prefo rmed Dowels Asphalt Dowe ls 60 
8 unif. bituminous impregnated 

fiber felt strip 

a 120- ll. S"))llClng of expnnsion joints. 
b Either I . 2. or · 3 one - ·lnch wide Joints, dcpendin(r on lenglh or s ubsecllon. 
c Divided by dummy joint with reinfor cement continuous through joint. 
d No dowe ls in uniform-thickness sec tion. This section has expansion joints at 120-ft. inte rvals. 
e Dowels in reinforce d section and in e ither one or two of the sections having expans ion joints at 120-ft. intervals . 
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Figure 1. Annual and progressive changes in the width of expansion 
joints - non-reinforced sections. 

over the subgrade, but will expand and contract about their own centers. After the 
first year there should be little or no progressive closure of the expansion joints re­
sulting purely from temperature changes, but if foreign material infiltrates the con­
traction joints closure of the expansion joints will continue. 

The data from the different states are in general agreement in showing that (1) there 
is a general tendency for the expansion joints to close with time, (2) the magnitude of 



. -
4 

TABLE 3 

CONSTRUCTION DATA ON THE EXPERIMENTAL PAVEMENTS 

State Length Time of laying concrete Method of curing Time of basic 
mi. Year Month measurements at joints 

Michigan 10. 7 1940 July 31 to Burlap and straw Immediately after 
Oct. 25 for a total of 7 completion of each 

days section 

Minnesota 8. 1 1940 Aug. 6 to Impermeable Early in Oct. 1940 
Sept. 20 fiber filled paper 

for 72 hr. 

Missouri 7.0 1941 June to Transparent August 1941 
early Aug. membrane 

sprayed on 
pavement 

Kentucky 6. 3 1940 July 8 to Burlap and Nov. 27, 1940 
Aug. 16 Sisalkraft paper 

for a total of 4 
days 

California 5. 7 1941 Sept. 20 to Moist earth for Feb. 1942 
Oct. 29 8 days 

Oregon 3. 8 1941 June 10 to Wet cotton mats Immediately after 
July 7 for 72 hr. concrete had taken 

initial set 

the permanent closure of expansion joints appears to increase with an increase in the 
spacing, but the influence of spacing is small for intervals greater than approximately 
400 feet and (3) the amount of closure increases with the amount of expansion space. 

The magnitude of the progressive expansion joint closure varies considerably be­
tween the pavements of the different states. These differences are probably caused by 
a combination of several factors. For example, the amount of expansion joint closure 
would be expected to be greater in a pavement which took its final set at a r elatively 
low tempe rature than in one which took its final set at a high temperature . Also, the 
amount of expansion joint closure is influenced by the resistance offered to closure by 
the expansion joint. In t his connect ion t he r edwood expansion joint filler used in the 
California pavement offered more resistance to closure than the plastic fillers used in 
the other states. Also, it is probable that the Translode load transfer devices used in 
the Missouri pavement offered more resistance to closure than the plain dowels used 
in the other states. 

Other factors which may have had some influence on the amount of expansion joint 
closure which developed at the expansion joints of the pavements of the different states 
are (1) amount of available expansion space, (2) climatic differences and (3) differ ­
ences in the amount of infiltration and, therefore, opening which developed in the in­
termediate contraction joints. 

Contraction Joints Opened Progressively 

The annual and progressive changes in widths that occurred in the contraction joints 
of the nonreinforced sections are shown comparatively in Figure 2. These width 
changes are with respect to the basic set of measurements made at the time indicated 
in Table 3 and are averages for a number of joints in the central parts of the sections 
some distance from the expansion joints. The differences in the positions of the annual 
joint-width change bars with respect to their base line, in the different states, is ex­
plained by the fact that the basic measurements were made at different temperature 
conditions and at different times with respect to cracking of the weakened-plane joints. 
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As indicated in Table 3 the basic measurements, or those used for computing the sub­
sequent changes in joint width , were made at the upper r ange in seasonal temperatures 
in Missouri and Oregon , at an intermediate range in Michigan and Minnesota and at a 
lower range in Kentucky and California. 

Also the basic measurements were made immediately after the concrete had taken 
its initial set in the States of Michigan and Oregon and later after an undetermined 
number of joints had fractured in the remaining states. Thus, in the States of Michigan 
and Oregon the joint width changes shown are the total changes, but this is not neces­
sarily true for the other states. At the end of the first year, the magnitude of the joint 
movements as related to the basic measurements indicated that practically all , if not 
all, of the joints had fractured. 

There is a close relationship between the progressive closures which develop at the 
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expansion joints of concrete pavements and the progressive openings which develop at 
the contraction joints. Actually the progressive or permanent closure of the expansion 
joints is essentially the accumulative progressive openings which developed at the in­
termediate contraction joints. Because of this interrelationship many of the factors 
mentioned earlier as influencing the progressive closing of the expansion joints apply 
equally to the progressive opening of the contraction joints. 

It will be observed in Figure 2 that (1) the contraction joints opened progressively 
with time, the rate being greatest during the early life of the pavement, (2) the amount 
of progressive opening was greatest in the sections with the 120-foot expansion joint 
spacing, but did not i ncrease appreciably with expansion joint spacing where the spac­
ing was approximately 400 feet or gr eate r and (3) the annual joint width change of the 
contr action joints increased with an inc r ease in spacing of the contraction joints. (See 
Michigan and Minnesota data. ) 

The fact that the progressive changes in widths of the contraction joints varies be­
tween the different states is, as explained earlier, associated with the same factors 
that influenced the progressive movements at the expansion joints. These are (1) the 
temperature of the concrete in the different pavements at the time of initial set, (2) 
temperature conditions at the time that the basic measurements were made, (3) differ­
ences in the resistance offered to closure of the expansion joints by the load transfer 
devices and joint fillers, (4) amount of available expansion space and (5) amount of in­
filtration of foreign material which developed in the joints. 

Movements at the Expansion and Contraction Joints of the Reinforced Sections 

The annual and progressive changes in the widths of the expansion and contraction 
joints in the reinforced sections of the different pavements are shown in Figure 3. Ex­
cepting the Michigan pavement these sections are divided into 60-foot panels by alter­
nate expansion and contraction joints, the steel being interrupted at the joints. The 
Michigan pavement differs from the others in that the 60-foot panels are divided at the 

l center with a warping joint through which the steel is continous. 
As in the plain concrete sections a progressive closing of the expansion joints and 

a p rogr essive opening of the contraction joints has developed. Generally the annual 
cha nges in width of the expansion joints are greater than those of the contraction joints. 
Since the same type of load transfer devices were used in both expansion and contrac­
tion joints in all cases except the Missouri pavement, this behavior can hardly be at­
tributed to differences in resistance offered by these devices. This same phenomenon 
was observed and studied in the Arlington investigation. It appears to be caused by a 
shifting of the slabs over the subgrade as the temperature of the slabs changes, caus­
ing a greater concentration of movement at the expansion than at the contraction joints. 
This is discussed at greater length in the report on the Arlington investigation (4). 

The progressive and annual changes in widths of the joints vary among the different 
pavements and, except for magnitude, the variations are similar to those found in the 
plain concrete sections. The probable reasons for these variations have been men­
tioned in the discussion of the joint width changes for the plain concrete pavements. 

A comparison of the maximum openings observed at the contraction joints separat­
ing the 60-foot panels of the 120-foot reinforced sections with maximum openings ob­
served at the contraction joints separating the shorter panels of the 120-foot plain con­
crete sections is shown below: 

State 

Michigan 
Missouri 
Kentucky 
California 
Oregon 
Minnesota 

Ratio of 
slab 

lengths a 

3: 1 
2. 4: 1 

3: 1 
4: 1 
4: 1 
4: 1 

Ratio of maximum 
contraction 

joint opening 

2. 5: 1 
2. 3: 1 
2. 5: 1 
3. 8: 1 

3: 1 
1. 9: 1 

It is evident that while the openings of the 
contraction joints in the reinforced sec­
tions are larger than those in the plain 
concrete sections the differences are not, 
in all cases, proportional to the slab lengths. 

Most of the daily joint width measure­
ments were made during the first five years 

a Ratio of slab lengths in reinforced sec­
tions (60 ft.) to slab lengths in nonrein­
forced sections. 
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TABLE 4 

SUMMARY OF TRAFFIC DATA FOR THE SEVERAL PAVEMENTS 

Average daily traffic 

1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 

Michigan 

Total traffic 1,590 829 578 733 803 1,204 1,176 1,361 1,472 
Light trucks 43 44 14 32 16 4 5 29 6 
Medium trucks 26 37 56 51 27 30 28 25 32 
Heavy trucks 43 12 13 5 5 7 18 5 5 
Trailer combinations 41 68 101 62 89 46 i:;a 64 61 

Missouri 

Total traffic 761 605 544 943 1,052 1,052 1,330 
Light trucks 68 54 48 84 93 93 118 
Single unit trucks 145 115 103 180 200 200 254 
Trailer combinations 19 15 14 24 26 26 33 
Buses 8 6 5 9 11 11 13 

Kentucky 

Total traffic 840 649 648 700 750 1,003 1,068 1,140 1,066 1,400 
Light trucks 237 413 300 325 333 363 300 282 194 255 
Medium trucks 0 4 64 63 29 7 61 149 175 230 
Heavy trucks and 

trailer combinations 8 8 11 12 16 28 22 18 2 3 
Buses 11 17 9 10 12 15 15 16 14 18 

California <1 

Total traffic 1,850 1,550 1,420 1, 67011, 720, 12, 300 ~,450 2,770 3,120 3,240 
Commercial vehicles 500 510 520 640 420 560 660 730 760 830 

Oregon 

Total traffic 3,810 4,170 4,200 3,865r,440

1

5.210 :;, 770 6,345 7,150 7, 300 
Light trucks 169 184 205 212 257 276 294 324 361 406 
Heavy trucks 220 262 277 290 341 411 368 339 379 439 

Minnesota 

Total traffic 572 602 682 1,274 1,580 
Single unit trucks 84 160 126 144 251 
Heavy trucks and 

trailer combinations 2 11 38 45 109 
Buses 2 2 3 4 5 

a For this state the number of vehicles indicated is for 16 hours. 

and are published in the 5-year reports. For a discussion of the daily joint width 
changes the reader is referred to the 5-year progress reports and the comparative 
study of these reports referred to earlier. 

Only a Moderate Amount of Faulting Has Developed 

As indicated earlier in the discussion of Table 4 none of these pavements has car­
ried more than a small to moderate amount of heavy truck traffic. Thus it would not 
be expected that serious pumping and faulting would develop. Furthermore, the pave­
ments of California, Michigan and Oregon were laid either on granular subgrades or 
subbases which would be expected to control pumping. 

The faulting data reported by the states are summarized for the expansion and con­
traction joints in Tables 5 and 6, respectively. It is apparent from Table 5 that me­
chanical load transfer devices have been very helpful in controlling faulting at expansion 
joints even on pavements with granular subbases. 
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The data pertaining to faulting at the contraction joints, Table 6, are inconclusive, 
due apparently to the small amount of faulting which has developed thus far in the con­
traction joints. The States of Missouri and Minnesota, however, made special studies, 
the data from which are not included in the above tabulation, but which show that me­
chanical load transfer is helpful in reducing faulting in contraction joints of pavements 
with closely spaced contraction joints and with expansion joints at intervals of approx­
imately 120 feet. 

With regard to pumping, three of the states report that none was observed while the 
remaining three do not mention it. Apparently no significant pumping has developed in 
any of the pavements. 

The only reason for placing expansion joints in concrete pavements is to prevent 
structural damage caused by high compressive forces. In each of the six experimental 
pavements, under discussion, there is a one-mile section with contraction joints at in­
tervals of 15 to 25 feet and no expansion joints. Also there are two sections in each 
pavement with contraction joints at the same intervals and expansion at intervals of 
approximately 800 feet. 

Five of the states report no blow-ups in the ten-year reports while one, Minnesota, 
reports one. Thus it is strongly indicated that expansion joints, except in special lo­
cations, can be eliminated in plain concrete pavements of sound concrete which does 
not develop excessive permanent growth and with contraction joints at intervals of 15 to 
25 feet. In this connection four of the states drew conclusions which, in effect, state 
that where the aggregates are of sound character expansion joints are not required in 
concrete pavements except at bridge approaches, intersections, etc. The other two 
states drew no conclusions, feeling that on the basis of developments in their pavements 
up to this time conclusions were not justified. 

Only a nominal amount of cracking has developed in these pavements up to this time. 
The amount of transverse cracking appears to bear little or no relationship to the spac­
ing of the expansion joints, but is of course directly related to the panel length. It is 
indicated that a panel length exceeding approximately 20 feet is too great to control 
cracking in plain concrete pavements. 

All of the states express the opinion that the pavements should be observed for a 
greater length of time before drawing any conclusions concerning the relative merits 
of the plain and the reinforced sections. 

TABLE 5 

FAULTING AT EXPANSION JOINTS WHEN PAVEMENTS WERE APPROXIMATELY 
10 YEARS OF AGE 

Section Spacing of joints Type of 
Joints faulted No. load 

Expansion Contraction transfer 1,.,{.•' 1,ia" to %" Over%" 

feet feet % % % 
Michigan 

10 A- 1 120 20 Dowels 5 0 0 
10 A- 2 120 15 Dowels 0 0 0 
10 B-1 120 20 None 33 39 0 
10 B - 2 120 15 None 28 34 11 

Missouri 

5~a 5 R 125 25 Trans lode 95 5 0 
6-a 6 R 120 60 Translode 94 6 0 
7-a 7 R 125 25 None 76 17 7 

Oregon 
inches 

5 120 15 Dowels . 048a 
6 120 60 Dowels . 048 
7 120 15 None . 084 

a Faulting values are averages for expansion joints . 
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TABLE 6 

FAULTING AT CONTRACTION JOINTS WHEN PAVEMENTS WERE 
APPROXIMATELY 10 YEARS OF AGE 

Section 
Spacing of joints Type of 

Joints faulted No. load 
Expansion Contraction transfer 1/e'' 1/e" to %11 Over%" 

feet feet % % % 
Missouri 

1 None 25 None 93 6 
2 890 25 None 91 8 
3 400 25 None 91 8 
5 125 25 Dowels 100 0 0 
6 120 60 Dowels 100 0 0 
7 125 25 None 86 10 4 

Oregon 
inches 

1 None 15 None . 060a 
3 405 15 None . 060 
4 120 15 None . 060 
5 120 15 Dowels . 048 
6 120 60 Dowels . 060 
7 120 15 None • 072 

Kentucky percent 
1 None 20 None 10 
2 800 20 None 20 
3 400 20 None 17 
4 120 20 None 10 
5 120 20 Dowels 16 
6 120 60 Dowels 27 
7 120 20 None 26 

Minnesota percent b 
1 5,280 20 None 4 
2 800 20 None 4 
3 400 20 None 4 

120 20 None 4 

a Faulting values are averages for contraction joints. 
b Percent of joints faulted without reference to magnitude of fa ulting. 

SUMMARY 

This investigation was initiated in 1940 as a cooperative effort by six states and the 
Bureau of Public Roads to obtain information as to the need for expansion joints in con­
crete pavements. The experimental pavements constructed for this investigation were 
widely dispersed and covered a wide range in subgrade as well as climatic conditions. 

It was found that in pavements with expansion joints spaced at what was considered 
to be a desirable interval and intermediate contraction joints at sufficiently close in~ 
tervals to control transverse cracking there was a tendency for the expansion joints to 
close progressively and the contraction joints to open progressively with time. These 
movements progress rapidly during the early life of the pavement and within a few years 
are of sufficient magnitude to destroy aggregate interlock in contraction joints of the 
weakened plane type. Where the expansion joints were eliminated or widely spaced 
there has been little or no tendency for the contraction joints to open progressively. 

On the basis of the 5- year progress reports the practice of many of the states with 
respect to expansion joints has changed. Today practically every state has eliminated 
expansion joints in nonreinforced concrete pavements except at structures and other 
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special locations. This has resulted in pavements which offer greater resistance to 
pumping and faulting because of the better maintenance of aggregate interlock in the 
contraction joints. 
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Report on Experimental Project in California 
F. N. HVEEM, Materials and Research Engineer, 
California Division of Highways 

e The California project to investigate the effect of joint spacing in concrete pavement 
follows the scope outlined by E. F. Kelley, Chief of the Division of Physical Research, 
Public Roads Administration. (1) A previous report was made on this project in 1945 
by T. E. Stanton, Materials andResearch Engineer, California Division of Highways. 
(2) The following report brings up to date the traffic count, joint movement, rainfall 
and other data shown in the tables. 

Location and General Description 

This project is located in the Santa Clara River Valley, Ventura County, about 20 
miles from the Pacific Ocean. The pavement was constructed in October 1941, and 
consists of seven different arrangements of the joint intervals. All experimental sec­
tions were constructed in duplicate. The entire 5. 65 miles of pavement under the con­
tract was designed as a test section. 

The primary purpose of this experiment was to study a series of various expansion 
and contraction joint spacings. 

Details of construction and installation of all of the various test devices are to be 
found in Mr. Stanton's report. 

Tables and Figures 

The following tables and figures carry the same titles and numbers as those in the 
1945 report. Table No, 10, "Average Change in Joint Widths, Permanent" and 
Figure No. 18, "Traffic Trend" have been added. 

Attention is called to the fact that from 1948, only the August joint readings were 
made. 

Joint Movement 

Early in the life of the project, it was observed that certain joints gave somewhat 
erratic readings for no obvious reason. It was also noted that contraction joints near­
est to an expansion joint displayed the least tendency to follow the characteristic daily 
or seasonal pattern. Therefore, it was decided early to list the movements of expan­
sion joints as one group. The joints next to the expansion joints are listed separately 
in Table No. 10 under the heading "Adjacent Joints" while the thir d group cove r s all 
the intermediate joints not included in the first two categories. As was to be expected, 
the greatest movement occurred at the expansion joints. Those sections with 120 
foot expansion joint spacing averaged about 0. 10 inch less than the longer spacings. 

It may also be noted that during the entire ten year period the only evidence of 
progressive movement or displacement has occurred at the expansion joints which is 
not surprising in view of the fact that there is no mechanism for forcing the pavement 
back to its original position. 

Seasonal joint movement in both the adjacent joints and the intermediate group was 
limited to an average of about 0. 05 inches. The magnitude of daily joint movement 
depended upon the daily temperature range at the time the readings were taken. 

General Condition Survey 

As was reported in 1945, there is little evidence of any type of surface failure. 
There is no evidence of crushing or spalling due to the daily movement of the concrete 
slabs. There is no evidence of "Step-off" or of "Pumping" at any of the joints. The 
riding quality of the entire job is excellent. 

The general consition survey is, at this time, essentially the same a s in 1945. 

12 



4 days· 
10 " 
28 " 

3 months 
6 " 
1 year 
2 years 
4 y " 

10 " 

Avg. Compressive Strength, PSI 

Cylinders Cores 

1,210 
2,050 
3,610 
5,210 
6,010 
6,570 

4,240 

7,135 
7,555 
7,690 

NOTE: Investigational Concrete Pavement in California by Thomas E, Stanton 
Materials and Research Engineer, California Division of Highways. 
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V'enturo County Experimental Concrete Pavement 
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Report on Experimental Project in Kentucky 
D. H. SA WYER, Research Engineer 
Kentucky Department of Highways 

e THE Kentucky Test Road was constructed during the summer of 1940, by the Ken­
tucky Department of Highways in cooperation with the Bureau of Public Roads. The in­
vestigational pavement, a part of US 231 (formerly Ky. 71) is 6. 27 miles in length and 
is located approximately six miles southeast of Owensboro, in Daviess County. 

This report presents a discussion of pavement performance and observations over 
a 10-year period, beginning in September, 1940. A complete discussion of the original 
scope, purpose, and early performance of this cooperative project has been given in 
previous reports (!., ~' ~). 

GENERAL FEATURES 

The general arrangement and design features of the pavement are given in Table 1. 
Essentially, there were seven sections with experimental variables which conformed 
to the general test program, and an added section designated as Standard. This section 
represented the design used by Kentucky at that time, and for the most part it was con­
structed over swampy land considered unsuitable for an experimental pavement. 

Expansion joints were constructed to accommodate a 1-inch width of premolded bi­
tuminous fiber filler and contraction joints were of the weakened plane type with a pre­
molded bituminous fiber filler. 

Dowels for load transfer were %-inch plain round bars and secured in proper spac­
ing and alignment by welded dowel spacers which remained in place. Spacing of expan­
sion joints in the different sections varied from 60 feet to 5,040 feet in length and con­
traction joint spacing was 20 feet in all but two sections. In Section 6, the joint inter­
val was 60 feet, alternating with contraction and expansion joints. In the Standard Sec­
tion these joints were spaced at 30 foot intervals. Sections where wire mesh reinforc­
ing was installed had the initial pour of concrete struck off 2 inches below grade for 
placing the mesh. 

Soil Conditions 

Soils throughout the project were predominantly H. R. B. A-4 or approximately A-
4-6 materials. Generally speaking, they were uniformly of a fine sand or silty texture, 
with the clay content (-. 005mm) in all but a few cases lower than 20 percent. These 
characteristics reflected the derivation of the soil, which was associated with wind 
transportation. 

Soils in the moderate upland usually consisted of windblown fine sands and silts, and 
only in a few spots did the underlying shale formation have an influence at subgrade el­
evation. In close association, but pertinent to a relatively small portion of the road, 
were the silty soils of the lowlands which originated through deposition in a lake creat­
ed by glacial activity to the north about the same time that comparable windblown soils 
were deposited in the upland. So far as tests results were concerned, the soils from 
all parts of the road were quite similar. Fills through the lowlands kept the grade high 
enough to make internal drainage conditions relatively similar also. 

Physical Properties of Concrete 

A single brand of Type I Portland Cement was used throughout the project. Fine 
and coarse aggregates selected for use were Ohio River sand and gravel dredged from 
a well known bar approximately 8 miles upstream from Owensboro. 

The average compressive strength for 68 specimens at 28 days of age, representing 
one cylinder for each 500 linear feet of pavement, was4,910psi. Maximum and mini­
mum strength were 6,200 and 3,890 psi. respectively, and 71 percent of the strengths 
were within 10 percent of the average strength. The average modulus of rupture was 
1,000psi. at 28 days. Maximum and minimum values were 1,200 and 815 psi. respec-
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TABLE 1 

DESIGN OF E.XPERIMENTAL JOINT SECTIONS 

Section Design Wire Mesh Expans ion Joints Contraction Joints 
No. Length Section Reinf. Sp ac ing Load Trans fer Spacing Load Transfer 

ft . in. ft . ft. 

7 1250 7-7-7 None 120 None 20 None 
6 1500 9-7-9 70 lb. 60 alt. Dowels 60 alt. Dowels 
5 1500 9-7-9 None 120 Dowels 20 Dowels 
4 1500 9-7-9 None 120 Dowels 20 None 
3 2500 9-7-9 None 400 Dowels 20 None 
2 3000 9-7- 9 None 800 Dowels 20 None 
1 5000 9-7-9 None None None 20 None 

Std. a 7000 9-7-9 44 lb. 120 Dowels 30 Dowels 

2-R 2500 9-7-9 None 800 Dowels 20 None 
3-R 2500 9-7-9 None 400 Dowels 20 None 
4-R 1500 9-7-9 None 120 Dowels 20 None 
5-R 1500 9-7-9 None 120 Dowels 20 Dowels 
6-R 1500 9-7-9 70 lb. 60 alt. Dowels 60 alt. Dowels 
7- R 1200 7-7-7 None 120 None 20 None 

R - Repeat Sections. 
a See Summary. 

Section No. 1 was not repeated. 

TABLE 2 

TEMPERATURE AND PRECIPITATION DATA 
July 1940 to July 1950a 

Temperature Precipitation 
Average Average 

Month of the Absolute of the Absolute Snowfall 
Average Mixima Maximum Minimum Minimum Average Average 
deg. F deg. F deg. F deg. F deg. F in. in. 

December 37 47 72 28 - 6 3. 0 1. 5 
January 34 44 76 25 - 15 4. 6 3. 2 
February 36 46 72 25 0 3. 7 2. 6 

Winter 36 46 76 26 -15 3. 8 7. 3 

March 47 58 85 36 0 5. 7 1. 6 
April 57 70 90 45 25 4.0 0 
May 66 78 94 54 33 3. 7 0 

Spring 57 69 94 45 0 4. 5 1. 6 

June 75 87 107 63 46 4. 2 0 
July 77 90 103 65 44 3. 5 0 
August 77 90 105 64 42 3. 3 0 

Summer 76 89 107 64 42 3. 7 0 

September 67 83 99 56 32 3. 6 0 
October 60 72 92 46 21 2. 5 0 
November 46 57 84 36 - 7 4. 1 0 

Fall 58 71 99 46 - 7 3.4 0 

Annual 57 69 107 45 - 15 45. 9 8.9 

a From Special Observer Station, U. S. Weather Bureau, 1/2 mi. west of Owensboro, 
Daviess County , Kentucky. 
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TABLE 3 

AVERAGE DAILY TRAFFIC 

1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 

Passenger Cars 511 584 207 264 290 360 590 670 675 681 895 
Light Trucks 
(under 1 % tons) 150 237 413 300 325 333 363 300 282 194 255 
Medium Trucks 
{lYa to 5 tons) 0 0 4 64 63 29 7 61 149 175 230 
Tractor Semi-Trailers 
(over 5 tons) 6 8 8 11 12 16 28 22 18 2 3 
Busses 8 11 17 9 10 12 15 15 16 14 18 

Total Traffic 675 840 649 648 700 750 1003 1068 1140 1066 1400 

tively, with 77 percent of the strengths falling within 10 percent of the average. 
The 34 core specimens varied in age from 41 to 80 days, with an average compres­

sion strength of4,855psi. High and low strengths for the cores were 6,735 and 3,245 
psi. respectively, with 47 percent of the strengths being within 10 percent of the aver­
age. 

Climatological Data 

Temperature and precipitation data from a station near the project are listed in 
Table 2. These data represent the period of pavement construction and the subsequent 
10-year period of observation. 

Mean annual rainfall at Owensboro for this period was 45. 9 inches, with precipita­
tion in this amount being generally representative of that for the entire state. 

Severe changes in temperature were not frequent despite the excessive maximum 
and minimum values contained in Table 2. However, there are frequent reversals 
from freezing to thawing temperatures, and vice versa, within a normal winter. Past 
calculations (4) based on air temperatures, at a station in the central part of the state 
indicate that a total of about 55 such reversals occur in a representative year. 

Traffic 

The average daily traffic count by number and type using the projects is shown in 
Table 3. It should be pointed out that heavy traffic has been somewhat restricted 
throughout practically the entire life of the pavement because of reconstruction on other 
sections of the same highway and the recent completion of a bridge adequate for heavy 
traffic on a major river farther south within the state. 

JOINT WIDTHS AND PAVEMENT ELEVATIONS 

Measurements of daily, seasonal, and permanent changes in width were scheduled 
for a representative number of joints in each of the sections, and in addition there 
were five sets of precise measurements of elevation taken during the 10-year period. 
The number of joints represented in determinations of the average daily, seasonal, 
and permanent joint width measurements are noted in Table 4. 

Elevation measurements were taken from points installed in a manner similar to 
that for the caliper inserts for width measurements, but were placed in the opposite 
lane. Elevation points, less frequent in number, were also installed at the midpoints 
of the slabs to detect warping. 

Daily Measurements 

With very few exceptions, the joint movement was quite uniform for all joints of a 
given type in a section for each date. This takes into account the fact that expansion 
joints and contraction joints were treated separately, in recognition of the fundamental 
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TABLE 4 

NUMBER OF JOINTS SELECTED FOR WIDTH 
MEASUREMENTS 

Joint Width Measurements 
Section 

No. 
Dally Seasonal Permanent 

7 
6 
5 
4 
3 
2 
1 

Standard 

Exp. Contr. 

2 5 
3 2 
2 5 
oa oa 
2 5 
2 B 
ob a 
3 6 

Exp. Contr. 

4 10 
6 5 
4 10 
4 10 
3 10 
2 20 
0 b 21 
5 24 

a No measurement scheduled. 
b No expansion joints within the section. 

Exp. Contr. 

2 
4 
2 
oa 
0 
2 
ob 
3 

5 
3 
5 
o• 
7 

14 
7 
6 

differences between the two. 
Daily movements of the expansion joints 

(Fig. 1) were somewhat erratic for the in­
dividual sections, and were even more at 
variance by comparison among different 
sections. The unit movement of expansion 
joints generally was greater than that of 
contraction joints in those sections with 
the 120-foot intervals between expansion 
joints. The opposite was true in those 
sections where this interval was 400 feet 
or greater. This inconsistency is probably 
due to permanent closure whereby expan­

sion joints in those sections with the long joint interval reach a "permanent" condition 
early and retained that closure throughout the intervening years. In fact, these joint 
widths showed practically no change by sea$ons (Fig. 2 and 2A), whereas, joint widths 
in all sections with shorter intervals had coasiderable seasonal variation. 

The unit change in widths of the contraction joints as shown in Figure lA, was rela­
tively uniform with respect to both dates measured and the different sections. 

Some significance may be attached to the fact that Section 6, having the longest slab 
lengths , had the smallest unit change , and the next smallest average unit change oc­
curred in the Standard Section, which was the only other section with a joint spacing 
greater than 20 feet. This does not, however, take into account the fact that Section 6 
had by far the greatest frequency of crack development at the time of the 1950 inspection. 

Date 

Figure i. Average joint width change 
daily. Expansion joints. 

Date 

Fi gure lA. Average joint width change 
daily. Contraction joints. 
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Figure 2. Average J01nt width change - sea­
sonal. Expansion joints. 
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Figure 2A. Average joint width change 
seasonal. Contraction joints. 

Results of the seasonal measurements are shown in Figures 2 and 2A. The pave­
ment showing the greatest average opening of contraction joints - and the greatest 
tendency on the part of those joints to remain open - was in Section 6. Contraction 
joints in Sections 1 and 2 almost invariably assumed their original widths at summer 
temperatures. 

Section 6 was by far the most erratic of all from the standpoint of seasonal changes 
at expansion joints. For example, the expansion joints did not close and remain in 
"closed set" at an early age. 

After the first year of service the joints were opened an average amount almost 
equal to the opening of the previous year. Even as late as 81/2 years after construction 
there was a tendency on the part of these expansion joints to show a response to sea­
sonal conditions by opening and there were indications that this tendency would extend 
past the 10-year period. Actually, after the first year, contraction never approached 
the point of overcoming "closed set" and bringing the joints back to their original 
widths, but in contrast, none of the other sections showed any appreciable response 
to seasonal differences after 1942. 

Permanent Measurements 

The results of the permanent or progressive joint width measurements are shown 
in Figures 3 and 3A. No permanent measurements were scheduled for Section 4, and 
those taken for Section 6 are too erratic for evaluation. In Sections 5, 7 and Standard, 
the expansion joints showed a slight increase in the amount of closure each year. For 
the one expansion joint measured in Section 2, the closure was uniform throughout all 
measurements. Permanent expansion joint measurements were not included in Sections 
1 and 3. 

Contraction joints in Section 5 and the Standard Section in which dowel bars for load 
transfer were installed, remained open approximately 0. 15 inch on an average. This 
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amount of opening was also representative of those joints in Section 7. In Sections 1, 
2, and 3, the majority of contraction joints conformed to their original width measure­
ments. 

Changes in Elevation 

Measurements and observations during this period intimate that changes in elevation 
of joints in concrete pavements do not particularly reflect or indicate structural fail­
ure in the concrete nor in its base. However, uneven settlement of these joints induc­
es concrete deterioration which can ultimately produce failure in the pavement. 

Original pavement elevations on this project were established in September, 1940, 
Subsequent and precise elevation measurements were made in March, 1942; July, 1944; 
August, 1948; and February, 1949. Table 5 shows the variations in pavement eleva­
tions from the original measurements and also the extent to which faulting has occurred 
in the different sections. Table 6 gives the percent of total joint faulting for all sec­
tions on specific dates. Elevations were read to the nearest 0. 005 foot by means of a 
standard engineer's level and leveling rod. The maximum variation in adjacent slab 
elevation was 0. 24 inches, which occurred at three joints, one each in Sections 1, 6, 
and 7. 

The elevations for Section 5 taken in 1948 and 1949 were uniformly greater than 
those established in 1942 and 1944. This is believed to be apparent rather than actual, 
due to an inequality in leveling. The special bench mark for that section was destroyed 
between the years 1944 and 1948, and the elevations taken at later dates were estab­
lished from a construction bench mark. 
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TABLE 5 

DIFFERENCE IN ELEVATION FROM ORIGINAL ELEVATIONS 

Section Change in Elevation - in. No. Joints Faulting 
No. Measurement 

(Joints) Date Maximum Average 0. 12 in. 0. 24 in. 

March, 1942 0.36 o. 17 1 0 
7 July, 1944 0.36 o. 17 4 0 

(31) August, 1948 0.66 0.33 6 0 
February, 1949 0.72 0.25 7 1 

March, 1942 0. 40 0.23 0 0 
6 July , 1944 0.48 0.25 0 0 

(11) August, 1948 0.60 0.34 1 0 
February, 1949 0.72 0.29 2 1 

March, 1942 0.48 0.27 0 0 
5 July, 1944 0.42 0.22 2 0 

(31) August, 1948 1. 14 0.90 3 0 
February, 1949 1. 26 1. 01 5 0 

March, 1942 0.54 0.30 1 0 
4 July, 1944 0. 84 o. 23 2 0 

(31) August, 194 8 1. 08 0. 41 1 0 
February, 1949 0.96 o. 32 3 0 

March, 1942 0.66 0. 40 5 0 
3 July, 1944 0, 48 0.25 2 0 

(41) August, 1948 0.90 0.46 5 0 
( February, 1949 0.66 0.31 7 0 

March, 1942 0.84 0.38 2 0 
2 July, 1944 0. 72 0. 25 4 0 

(41) August, 1948 1. 14 0. 48 6 0 
February , 1949 0.66 o. 16 8 0 

March, 1942 0.90 0.53 2 0 
1 July, 1944 0.60 0. 40 3 0 

(31) August, 1948 o. 96 0. 70 0 1 
February, 1949 o. 78 0. 48 3 0 

March, 1942 0.60 0.30 4 0 
Std. July , 1944 0.60 0. 24 0 0 
(41) August, 1948 1. 02 0.43 3 0 

February, 1949 o. 78 0.32 5 0 

March, 1942 0.90 0.32 15 0 
Total July, 1944 0. 84 0.25 17 0 
(258) August, 1948 1. 14 0. 45 25 1 

February , 1949 1. 26 0.39 40 2 
Note: 0. 2:il in. maximum difference observed. 

PAVEMENT CONDITION 
TABLE 6 

PE RCENT OF TOTAL JOINTS FAULTING Condition surveys were conducted and 

Measurement Amount of Faulting reported twice yearly through 1945 and re-
Date 0 in. 0. 06 in . 0. 12 in. 0. 16 in. 0. 24 in. sumed again in the summer of 1948 with 

% % % % % the latest survey being made in November, 
March, 1942 53. 10 41. 09 5. 61 0 0 1950. Service characteristics of the pave-July, 1944 49. 22 44. 19 6. 59 0 0 
August , 1948 47. 67 40. 31 9. 69 1. 94 o. 39 ment at that time were generally consid-
Februa ry , 1949 40. 70 41. 86 15. 50 1. 16 0. 78 erect satisfactory from the standpoint of 
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Figure 4. One of the n,ore serious examples of spalling, Section 1 
in May 1949. 

Figure 5. View to north of Section 2-R through Section 1 in May 
i94':J, Pavement in ioregrounil cont,nns expansion JOlnts at 800 foot 
intervals with dowel bars and contraction joints are at 200 foot 
.:: _ ..._ - ____ l -
.l.11 Le1- V i:1.J :S wi thout dowel bt:t.i' S. Wi1-·e mesh rei11.fu1·ce111e11L 

in this section. 
was not used 



Figure 6. Typical of cracking where drop inlet is constructed near 
joint installation, Section 4-R in May 1949 . 

..... -----~.,,---,,~ .. 

Figure 7. Faulted joint in foreground, Section 4-R. Pavement con­
tained expansion joints at 120 foot spacing with dowel bars and 
contraction joints at 20 feet without dowel bars. Wire mesh rein-

forcement was not installed in this section. 

29 
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TABLE 7 

CRACK SUMMARY BY TYPE PER SECTION 

No. of Trans- No. of Langi- No. of Outside No. of Inside 
Section Length verse Cracks tudinal Cracks Corner Break~ !Corner Break~ No. 

No . (feet) Per Per Per 
Station Mile Station 

7 1250 10 42.4 10 
6 1500 30 105.6 0 
5 1500 6 21. 4 1 
4 1500 19 67.0 12 
3 2500 5 10.6 4 
2 3000 1 1. 8 11 
1 50,00 12 12. 7 2 

Std. 7000 31 23.4 4 

2-R 2500 3 6. 3 14 
3-R 2500 2 4.2 8 
4-R 1500 6 21. 1 14 
5-R 1500 7 24.6 3 
6-R 1500 14 49.3 1 
7-R 1200 4 17. 6 3 

a 1 diagonal crack. 
b Spalling along centerline, 2 locations. 
c Spalling in slab. 

Per Per Per Per Per Spalling 
Mile Station Mile IStation Mile Joints 

42.4 7 29. 1 9 38. 0 1 
o. 0 3 10. 6 0 o. 0 1 
3. 6 1 3. 6 0 o. 0 0 

42.3 1 3.5 4 14. 1 0 
8. 5 oa 0.0 1 2. 1 0 

19.4 0 0. 0 0 0.0 0 
2. 1 0 o.o 2 2. 1 1b 
3.0 1 o. 8 6 4.5 5c 

29.6 0 0.0 0 0.0 1 
16.9 0 o. 0 0 0.0 1 
49.3 0 0.0 1 3.5 2 
10. 6 0 0.0 1 3.5 0 
3.5 0 0.0 0 0.0 0 

13. 2 1 4.4 2 8. 8 0 

existing traffic and particularly so with respect to initial design expectations. 

Faulting and Pumping 

Faulting, though not infrequent, exists in such magnitude as to defer any particular 

, . 
-~ .. -
~ 

Figure 8. Irregular transverse cracking in 
east lane ot Section 5-H in May 1949. Sec­
tion does not contain wire mesh reinforce-

ment. 

emphasis on relative merits of design or 
imply definite association with particular 
construction features. Additionally, nei­
ther the presence of expansion joints nor 
their spacing as compared with contrac­
tion joints, had any measurable effect on 
faulting or differentials in pavement ele­
vations in adjacent slabs. Little or no 
significant evidence of pumping was ob­
sP.rvP.rl tn h::ivP. nrcurrP.rl in any nf thP. sP.r­
tions during the 10-year period. 

Cracking, Corner Breaks, and Joint 
Deterioration 

Observations throughout the test proj­
ect, as disclosed in Table 7, indicate that 
cracking has occurred with greater fre­
quency in the test sections than in their 
corresponding "repeat" sections, with 
the exception of the majority of longitudi­
nal cracks. 

In Sections 7 and 7-R, cracks of all 
types were somewhat equally represented. 
In Sections 6 and 6-R there was a pre ­
dominance of transverse cracks which 
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may be a consequence of greater slab lengths. However, the transverse crack interval 
for this section which is considerably lower than that of any of the other sections was 
about 50 feet. Transverse cracks also occurred rather frequently in Section 4, while 
in Section 4-R the number was comparable with a general average condition. The fre­
quency of longitudinal cracks in Section 4-R was considerably greater than for the oth­
er sections. 

Corner breaks, both inside and outside, were outstanding in Section 7. Sections 4 
and 7-R were next in order with the number of inside corner breaks, and Section 6 with 
outside corner breaks. This type of cracking occurred quite infrequently in the re­
maining sections. 

From the standpoint of all cracks appearing over the 10-year period, Section 1 had 
the best overall record. Performance of Sections 2, 3, and 3-R was very nearly the 
same, with Section 5 and Standard next in order. The rate of crack development gen­
erally increased in the last 4 years or following the survey in December, 1946. Some 
sections ran contrary to this trend, outstanding examples being Sections 5, 6, Standard 
and 2-R. Some of the spalling at joints reported from time to time has become oblit­
erated by the application of joint sealer in maintenance operations . 

Riding Qualities 

A measure or comparison of riding qualities during this period could not be under­
taken s ince this state does not mainta in appropr iate equipment for this evaluation. Nev­
ertheless , the data indicate that warping and fault ing offers no discernible variation in 
the r iding qualities of s labs of different lengths . 

SUMMARY 

This experimental pavement, as viewed from the original scope and design, has 
brought to light several interesting and perhaps significant facts concerning slab be­
havior under varying conditions. Unfortunately, traffic conditions during the test per­
iod were somewhat inadequate for evaluation of design features under critical or max­
imum loads. 

Despite these limitations, several differences among the sections have developed, 
and the effect of different variables can be analyzed to a considerable degree. More 
particularly, these observations may be listed as follows: 

1. All expansion joints tended to close and retain a certain amount of closed set 
within 6 months after construction. Only Section 6, with the longest slab lengths, 
showed any reversal of this tendency. 

2. Section 7 was unique with respect to progressive change toward closure of ex­
pansion joints. Expansion joints in that section started closing almost immediately , 
whereas expansion joints in all other sections opened a considerable amount during the 
first pe r iod of two to s ix months before beginning the progressive change to closed s et. 

3. With very few exceptions, changes in widU1s across joints were quite uniform 
for all joints of a given type meas ured within each section individually on each date . 
There were, however, great differences in the change for the different sections and 
for expansion joints as compared with contraction joints. 

Spacing of Expansion Joints 

4. Expansion joint spacing had no appreciable effect on the tendency of these joints 
to assume and retain a closed set, although the data pertaining to this were very mea­
ger. 

5. The influence of temperature variation on changes in width of expansion joints 
was much greater when the spacing was relatively short - 120 feet or shorter - than 
when it was 400 feet or greater. After six months of service, the joints in sections 
with the larger intervals were hardly affected by te mperature changes. 

6. The unit movement of expansion joints with changes in temperature generally 
was greate r tha n t hat of contraction joints on those sections with the 120 foot intervals 
between expansion joints. The reverse was true in those sections where this interval 
was 400 feet or greater. 
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7. In the sections with the 120 foot or shorter spacing of expansion joints, openings 
in cont;action joints were greater and the tendency for them to remain open was great­
er than in sections where the expansion joint interval was at least 400 feet. 

8. Expansion joint spacing or even the existence of expansion joints as compared 
with contraction joints had no measurable effect on faulting or differentials in pavement 
elevations in adjacent slabs. 

9. The longer spacing of expansion joints - or omission of expansion joints - was 
conducive to fewer cracks of all types developing in slabs of equal length after con­
struction. 

10. Fewer transverse cracks, and on the wqole fewer cracks of all types, developed 
in the sections with the lengthy expansion joint spacing than in sections having shorter 
expansion joint spacing and equal slab lengths. This applies to progressive crack de­
velopment as well as the pavement condition at the end of the 10 years. 

Spacing of Contraction Joints 

Spacing of contraction joints can not be viewed as an entirely separate variable since 
load transfer and particularly mesh reinforcement were unique in the two sections hav­
ing greater than normal spacing. 

11. In the two sections where the contraction joint spacing was greater than 20 feet, 
the expansion joints showed the greatest tendency to r eturn to the ir original widths 
with reductions in temperature. This was more pronounced in Section 5 with a 60 foot 
contraction joint interval than in the Standard Section with a 30-foot interval. 

12. The extent of opening of contraction joints increased in approximate proportion 
with the increase in slab length. Joints in sections with the greatest interval (or great­
est slab length) assumer! and retained the largest opening regardless of changes in 
temperature. However, the computed unit change was smallest in Section 6, which 
had the greatest slab length. 

13. Pavement elevations showed that the greater the slab length the greater the dif ­
ference in elevation between the ends and centers of slabs where warping occurred. 
However, the average difference in elevation per foot of slab was about the same re­
gardless of slab lengths. All sections had some warped slabs according to the meas­
urements that were made. In most cases neither the amount nor the direction of warp­
ing remained constant year after year, and in many instances the warping reversed 
from a concave to convex shape. No general increase in tendency toward warping with 
increase in the years of service was recorded. 

14. All sections had tilted slabs, but in Section 6 (60-foot slab lengths) the tendency 
was less pronounced and there were fewer instances of tilting in relation to the num­
ber of slabs than in the other sections with shorter slab lengths. 

15. The data show no definite effect of contraction joint spacing on the development 
of cracks in the pavement. Not only were there variations among sections having e ­
qual joint spacing, but one of the two sections with an extraordinarily long interval had 
by far Lhe g-reale8L uuml.,er of transverse cracks, and in contrast the other had no more 
than an average number of cracks of any type at the end of 10 years. 

Load Transfer and Reinforcement 

As in the case of slab lengths the presence or absence of mesh reinforcement can 
not be considered entirely as a separate variable, however, load transfer by dowels at 
the joints were varied enough to provide a limited basis for separate evaluation. 

16. The data show no evidence of resistance on the part of dowels to the closure of 
contraction joints. 

17. The prevalence of transverse cracks within about five feet of contraction joints 
in Section 4, as opposed to the almost complete absence of this condition in Section 5, 
indicates that dowel bars were beneficial in transferring load across contraction joints, 
even though the joints were open considerably. Similarly, corner breaks were more 
pronounced whe r e the dowels were omitted. The same contrast does not exist between 
Section 4-R and Section 5-R. 

18. No load transfer in either contraction or expansion joints in pavement with nor-
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mal joint spacing resulted in exceptional deterioration of all types, if the influence of 
pavement thickness in Section 7 can be discounted. 

19. In the absence of load transfer, closure of contraction joints and accompanying 
aggregate interlock tends to prevent development of cracks and corner breaks, as 
shown· by the performance of Sections 1, 2, and 3 in contrast with Sections 4 and 7. 

20. Aside from pronounced faulting at expansion joint No. 19 in Section 7 and con­
traction joint No. 23 in Section 4 (both having no dowels for load transfer), there was 
no noticeable effect of dowels on the tendency for displacement of adjacent slabs at ex­
pansion and contraction joints. 

21. Lack of opportunities for comparison obscure the influence of mesh reinforce­
ment on pavement performance. However, the high rate of transverse crack forma­
tion in both Section 6 and Section 6-R is strong evidence that the 70-lb, mesh failed to 
counteract the tendency toward cracking in slabs of 60 foot length. In contrast, the 
combination of 44-lb. mesh and 30-foot slab length resulted in a transverse crack in­
terval that was about average for all sections. 

Pavement Section 

22. On the whole, the pavement of uniform 7-inch section had the poorest perform­
ance record of all pavement in the project. Much of this could possibly be attributed 
to the absence of load transfer bars at both contraction and expansion joints, for the 
contrast between Sect.ion 7 and Sections 4, 4-R and 7-R in pavement performance was 
not extreme despite the fact that Sections 4 and 4-R had a 9-7-9 section and dowels at 
expansion joints. 

CONCLUSIONS 

The observations and results accumulated from this experimental pavement, togeth­
er with that from other states participating in the project, should contribute substan­
tially toward a better understanding of future performance of concrete pavements and 
slab behavior under specific conditions. To what extent any of the results or trends 
established thus far might indicate future performance of this pavement, is of course 
a situation wholly dependent upon pavement age and service. 

Nevertheless, the results obtained from this project, representing specific aggre­
gate and specific construction methods, permit the following important conclusions: 
Expansion joints are of little benefit and are probably detrimental unless installed in 
at least 400-foot intervals; close intervals (at the most 30 feet) for contraction joints 
are preferable; dowel bars for load transference at contraction joints are of question­
able value except in the case of joints that open considerably and remain open thus be­
ing deprived of any advantage that might be gained through interfacial pressure and 
aggregate interlock; the thickened edge pavement section is superior to that of uniform 
7-inch thickness; and mesh reinforcement alone will not prevent cracking particularly 
in slabs greater than 30 feet in length. 

With due regard to the very narrow margin for differentiation in some cases, over­
all performance characteristics by sections were from best to poorest in the following 
order: 1, 2, 3, 5, Standard, 6, 4, and 7. 
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Report on Experimental Project in Michigan 
H. C. COONS,*Deputy Commissioner, Chief Engineer 
Michigan State Highway Department 

e DURING the construction of the Michigan Test Road in 1940 and subsequent to it, 
many observational and special studies have been made in addition to carrying out the 
program of seasonal physical measurements which was set up in the original outline. 
The test road has been in existence now for 10 years and during this period there has 
been collected and analyzed a considerable amount of data. It is the purpose of this 
report to present as concisely as possible the significant trends in slab and joint be­
havior as well as other interesting disclosures which are believed to be of sufficient 
interest in relation to present design and construction of concrete pavements. 

Since the Michigan Test has been fully described in a Department bulletin entitled, 
"The Michigan Test Road" published in July, 1942, in the Highway Research Board's 
Research Report No. 3 B published in November 1945 and just recently in a new publi­
cation, August 1950, by the Department titled "Michigan Test Road - Design Project," 
repetition of basic information has been purposely avoided in this report except where 
necessary for a better understanding of the results. 

The important design features included in the project for study are joint spacing, 
joint design, pavement cross section, steel reinforcement, uniform thickness versus 
balanced cross section, stress curing, and relation of pavement cross section to sub­
grade supporting values. In addition such construction features as mechanical spread­
ing of concrete, mechanical tamping of forms, and joint sealing compounds were in­
cluded for observational study. 

In order to evaluate the design features previously mentioned under controlled con­
ditions it was necessary to divide the project into 12 test areas. The test areas de­
signated as Series 1 to 12, are described in Table 1 entitled "Summary of Test Areas. " 
The table includes important information pertinent to each test area. To facilitate the 
study of a particular design feature each series has been further subdivided into divi­
sions and sections designated by letters and numerals, respectively. 

The most outstanding contributions derived from the test road studies included in 
the Design Project have been: (1) the use of bituminous-rubber joint seal materials; 
(2) mechanical form tamping; (3) the change to long slabs with heavier steel and no in­
termediate plane of weakness joints; (4) the use of groove type contraction joint con­
struction; (5) the use of heavier and more closely spaced dowel bars for load transfer 
in transverse joints; and (6) the elimination of expansion joints except at designated lo­
cations and during fall construction. 

This report contains miscellaneous project information pertaining to soil, traffic 
and climatic conditions, and includes also a discussion of the general behavior of joints, 
slab movement and several incidental studies associated with the project. 

Miscellaneous Project Information 
During the construction of the pavement surface and subsequent to it, certain im­

portant factual data have been procured which are directly or indirectly associated 
with the general behavior of the pavement slabs. Such information includes general soil 
conditions, physical properties of the concrete, traffic conditions and climatological data. 

GENERAL SOIL CONDITIONS 

The subgrade materials are composed, primarily, of well-drained sandy or gravel­
ly soils with the exception of two areas, Stations 88+00 to 129+00 and Stations 170+00 
to 225+06 where it was necessary to construct a 12-inch sand subbase over existing 
subgrade material. The granular subbase and subgrade materials, in general, fall in­
to Bureau of Public Roads Soil Classification A-3, whereas the soil material lying 
within the above stations meets the Bureau classification for A-4 and A-6 soils. The 
physical properties of subgrade soil of four representative locations where a subbase 
was not required are given in Table 2. 
*Deceased 35 
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TABLE 1 

SUMMARY OF TEST AREAS 

Test Area Number Length Pave- Rein- Joint Spacing Load Transfer Filler 
Designation of of ment force- in feet Type and Seal 

Sections Division Thick- ment Expan- Con- Expansion Special Factors Under Study 
Di- in in ness, lb. /100 Expan- Con- sion traction Dummy Joint 

Series vision Division feet inches sq. ft. sion traction Dummy (1) (2) (3) (4) 

s 600 9-7-9 60 120 60 30 DB-1 DB R 

A 3 360 9-7-9 60 120 60 30 DB-1 DB R Joint Spacing 
B 3 720 9-7-9 60 240 60 30 DB-1 DB R Joint Design 
C 3 1440 9-7-9 60 480 60 30 TE DB R Reinforcement 
D 2 1800 9-7-9 60 900 60 30 DB-1 DB R Expansion Space 
E 1 1800 9-7-9 60 1800 60 30 DB-1 DB R 
F I 2700 9- 7-9 60 2700 60 30 DB-1 DB R 

2 F 2700 9-7-9 37 2700 30 15 DB-1 DB R Joint Spacing 
E I 1800 9- 7-9 37 1800 30 15 DB-1 DB R Joint Design 
D z 1800 9-7-9 37 900 30 15 DB-1 DB R Reinforcement 
C 3 1440 9-7-9 37 480 30 15 TE DB R Expansion Space 
B 3 720 9-7-9 37 240 30 15 DB-1 DB R 
A 3 360 9-7-9 37 120 30 15 DB-I DB R 

A 3 360 il-7-9 None 120 20 None DB-1 DB None Joint Spacing 
B 3 720 9-7-9 None 240 20 None DB-I DB None Reinforcement 
C 3 1440 9-7-9 None 480 20 None DB-1 DB None Contraction joints with and 
D 2 1800 9-7-9 No~1e 900 20 None DB-1 DB None without load trans(er devices 
E I 1800 9-7-9 None 1800 20 None DB-I None None Expansion Space 
F I 2700 9-7-9 None 2700 20 None DB-1 DB None 

F 2700 9-7-9 None 2700 10 None DB-I DB None 2 Joint Spacing' 
E 1800 9-7-9 None !BOO 10 None DB-I None None 2 Reinforcement 
D 1800 9-7-9 None 900 10 None DB I DB None Contraction joints with and 
C 3 1440 9-7-9 None 480 10 None DB-I DB None without 1oad transfer de,•ices 
B 3 720 9-7-9 None 240 10 None DB-1 DB None Expansion Space 
A 3 360 9-7-9 None 120 JO None DB-I DB None 

5 A 360 9-7-9 37 120 30 None DB-1 IB None 3 Contraction Joint Design 
B 360 9-7-9 37 120 30 None DB-I 2A None 3 Reinforcement 
C 360 9-7-9 37 120 30 None DB-I 2B None 3 
D 360 9-7-9 37 120 30 None DB-I 3 None 3 
E 360 9-7-9 37 120 30 None DB-1 3 None 3 
F 360 9-7-9 37 120 30 None DB-I 4 None 3 
G 360 9-7-9 37 120 30 None DB-1 4 None 3 

0 A 5 600 8 None 120 30 None CB-I CB None 2 Cross Section 
B 5 600 8 None 120 20 None CB-I CB None i Joint Design 
C 2 600 B None 300 15 None CB 1 CB None 2 Reinforcement 
D 2 600 8 None 300 10 None CB I CB None 2 

7 A 5 600 8-6-8 60 120 60 30 DB · l DB R 2 Cross Section 
B 5 600 8-6-8 37 120 30 15 DB-1 DB R 2 Rejnforcement 
C 5 600 8-6-8 None 120 20 None DB-1 DB None 2 
D 5 600 8-6-8 None 120 10 None DB-1 DB None 2 

t A 3 360 7 None 120 30 None CB-1 CB None a Cross Section 
B -, 840 7 None 120 20 None CB I CB None i Reinforcement 
C 2 600 7 None 300 15 None CB - I CB None 2 Joint Design 
D 2 600 7 None 300 10 None CB-1 CB None 2 
TS 180 9-7-9 None 180 30 None TB DB None Stress Curing 
A 18JO 9-7-9 None 100 None None TB None None Joint Design 
TS 90 9-7-9 None 180 30 None TB DB None 
TS 90 9-7-9 None 180 30 None DB I 5 None 

10 A-I 9 1080 9-7-9 None 120 20 None DB - 1 DB None ij Contraction joints with and 
A-2 D 1080 9-7-9 None 120 15 None DB - I DB None ~ without load transfer devices 
B-1 9 1080 9-7-9 None 120 20 None A None None 2 
B-2 9 1080 9-7-9 None 120 15 None A None None 

11 A 90 9-7-9 60 90 None None TA None None Continuous slab construction 
B 120 9-7-9 60 120 None None TA None None with reinforcement 
C 362 9-7-9 60 362 None None TA None None 
D ODO 9-7-9 00 000 Nuue llJOTit:! TA None None 

12 A 90 9-7-9 None 90 None None TA None None ~ Continuous slab construction 
B 120 9-7-9 None 120 None None TA None None 0 without reinforcement 
C 360 9-7-9 None 360 None None TA No11e None G 
D 242 9-7-9 None 242 None None TA None None Q 
E 600 9-7-9 None 600 None None TA None None G 

(1) EXPANSION JOINT CONSTRUCTION: (2) CONTRACTION JOINT CONSTRUCTION: (3) DUMMY PLANE OF WEAKNESS JOINTS: 
Type DB-1 - ~.~" x 15" dowel bar expansion joint Type DB - 3

;{" x 15" dowels at 15" spacing, R - Aggregate interlock, steel mesh reinforce-
assembly. Dowels at 15" spacing. prernoldcd filler. monl ~,1111 inuou 11 H1toUl.f,h Joint. 

Type TE - Thickened edge 11/41' x 18" corner Type lB -· %" x 15" di:.m1~l8 '°'l 15" s-1rna fng, 
(4) EXrANSION JOINT, f'll,LER AND SEAL: dowel bar expansion joint assembJy. Dowels groove and poured S4.1~1. 

9" from slab edge. Type 2A --- %" x 15 11 dowN!I DL 15" fipUd ng, Type l - Premold ti Jibt'r fHler with asphalt-

Type CB-1 - Unthickened edge, 11
/4" X 18" p r emolded fH\er, m~t1H IJ="H"ting 5\rlp at la ll.lX !lcmJ. 

corner dowel bar expansion joint assembly. bottom. Type 2 - f>Femoldod ruxrr filler with asphalt-

Dowe l::, o·· from slab c:djJQ, TyJlO 21} - }1" x 1.$" dD\l'C-ls at 15" spacing, YullOle .,iea l. 

Typ~ ·rs - T ra11slode b.l:,1.C e~11i111 sion joint r,: roo,· ~ nd riourc-d 1:1,0:al, metal parting Ty110 3 - A1r c hamber with top, bottom and 

':l!i'SC'fllbly , UI rip :. t l)Ct(Om. Bld!!:1 scalcc:I with asphalt-latex compound. 

Ty11 'l'A - 1' ra11slode au;:: lt" unU expansion joint Typ e! 3 - >;.., ~ Hi," d<;,wels at 15" spacing, Type 4 - Air cb1111UJC!'.t with premolded rubber 
assembly. groove and poured seal, full depth metal seal at top, h6 UU1n and sides, asphalt-latex 

Type A - No load transfer feature. divider plate. seal in botto m. 

Type 4 - Conlluuous plate dowel assembly. Type 5 - Premolded fiber filler with thermo-

Type 5 - Kf!y1o00 contraction joint assem- plastic seal. 

blv. Type 6 - Premolded fiber filler with SOA seal. 

Type CB - 11/4" x 18" dowels at corners, 
911 from slab edge, premolded filler. 

Type 6 - Aggregate interlock. No dowels. 
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TABLE 2 

PHYSICAL PROPERTIES OF SOIL AT MOISTURE CELL STATIONS 

Station Station Station Station 
722+10 851+80 1055+75 61+05 

Gravel, % reta.in~d. No. 18 sieve Ui 5 6 26 
Sand, % retained, No. 270 sieve 84 91 90 72 
Silt, % retained, O. 005 mm. 1 3 3 2 
Clay, % retained, O. 001 mm. 0 1 1 0 
Liquid limit 19 19 20 18 
Plasticity index Non- Non- Non- Non-

Plastic Plastic Plastic Plastic 
Specific gravity 2.62 2. 61 2.65 2.63 
Shrinkage limit, % No No No No 

Shrinkage Shrinkage Shrinkage Shrinkage 
Loss on ignition, % 0.67 0.80 1. 39 o. 61 
Organic content, % 0.62 0.64 .1. 36 o. 45 
Capillary rise, inches 7 12. 0 10 10. 5 
Field moisture equivalent, % 19 18 20 17 
Moisture, bottom in. of rise, % 24.9 23.9 23. 0 20. 2 
Moisture, top in. of rise, % 6.7 4.7 5.4 5.0 
Coefficient of permeability, ft. per day 26 52 38 40 
Weight on samples, psi 0.6 0.6 0.6 o. 6 
Voids, % 30.8 32.0 32.0 30.8 

TABLE 3 
PHYSICAL PROPERTIES OF CONCRETE 

Compressive Strength Flexural Strength 
ESi ESi 

12-in. 6-in. dia. 6- by 8- by 24- in. 
cilinders cores beams 

28 days 21 months 7 days 28 days 

Low 2880 3780 439 518 

High 5360 7185 718 849 

Average 5203 5643 376 697 

Coefficient of Thermal Expansion • 

Consistency - Slump Cone Method - 1 to 3. 5 in. - Average 

Weight per Cubic Foot ••.••••••••• , • , •• , •• 

Modulus of Elasticity 
106 pounds 

per square inch 

at 500 psi at 1000 psi 

6.35 6.05 

7.22 6.59 

6.89 6.30 

. o. 0000053 

• 2. 03 inches 

• 153 pounds 
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Figure 1. Soil types and earthwork operations. 
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The density of the soil at a point 9 inches below the bottom of the slab at the time of 
placing of concrete slab ranged from 103 to 113 pcf. Moisture content of soil at time 
of measurement varied from 4. 2 to 7. 6 percent of dry weight of soil. 

Subgrade performance has been satisfactory throughout the project with the excep ­
tion of several frost heave areas which have developed in Series 6 and 9. The effect 
of the frost heave on slab performance will be ,discussed later under tqe physical con­
dition of the respective series. 

The extent and relafive location of soil types and earthwork operations for the De­
sign Project are illustrated in Figure 1. 



V) 

a 
z 
-< 
V) 

::> 
0 
'.I: 
t--

z 

V) 

"' .J 

u 
'.I: 

"' > 

IL 

0 

JAN. , ... MAI . API MAY JUN. JU L. AUG ,.,~ on. NO\I . DIC. 

!! _-_ IJ~ 

60 
50 
40 
JO 

~: -:c::cr c-:e-QQ ~ ----· 

10 -
,0 
u ---------; 
JO 
40 
JO 
JO -,..,.....,.,.---t,•:f-----!' 
•: =:l:liOiiil::~:l.;iit:liiiit:11iii::K :liilOiiiDiiliC:W:::l,i;iC 

~™ :iii~ffl WI 
O IAN. PH. MAa, A.Pl , MAT JUN. JUL. AUG . J.l. OCT, NOV, DIC, 

c:Jl HEIGHT OF BAFIS INDICATES 
TOTAL TRAFFIC 

- BLACK AREAS INDICATE 
J/"'c.OMMERCIAL VEHICLES 

*DATA NOT AVAILABLE 
FOR 1950 

39 

PHYSICAL PROPERTIES OF CONCRETE 

Certain physical properties of the con­
crete such as weight per cubic foot, con­
sistency, compressive and flexural 
strength, modulus of elasticity, and co­
efficient of thermal expansion are given 
in Table 3. 

TRAFFIC CHARACTERISTICS 

Automatic recording equipment was in­
stalled on the test road to obtain a con­
tinuous daily record of traffic flow. From 
1941 to 1949, traffic classification sur­
veys were made quarterly - April, July, 
October, and December - covering a 6-
hour period per day for five days. The 
6-hour periods were rotated around the 
clock in order that data representative of 
a 24-hour day for the different seasons 
could be obtained for each year. Starting 
with 1950, the above traffic classification 
procedure was changed to a continuous 
24-hour period once each month. Similar 
surveys on other highways indicate that 
such a procedure gives better results. 

During these surveys the axle loads, 
axle spacings , and frequency of various 
types of commercial vehicles are record­
ed. Wheel loads are obtained by means 
of portable loadometers from which axle 
loads may be obtained. 

Normal monthly traffic flow on the test 
road is presented graphically in Figure 2. 
Values representing the percentages of 
different types of vehicles traveling the 
test road based on an average annual day 
for the years 1941 to 1949 inclusive are 
given in Table 4. Annual average wheel 
load distribution values by direction of 
travel are presented in Table 5. Figure 
3 presents a graphic comparison of axle 
load frequencies on the test road with that 
of a normal heavy primary route. 

CLIMATOLOGICAL DATA 

The graph in Figure 4 shows that the 
average temperature in winter is approx­
imately 25 deg. F while in summer it is Figure 2. Monthly traffic record. 
70 deg. F, making an average temperature 

difference of about 45 deg. F. It may be observed also that daily temperature fluctua­
tions in winter are about 16 deg. F less than those occurring during the summer. 

Total yearly precipitation data for 1941 to 1948 inclusive is given in Table 6. The 
data indicates an annual average rainfall of 29. 5 inches for the tt)st road. 

Concrete Pavement Performance 
The major pavement design studies under consideration are the spacing and design 
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TA BLE 4 

CLASSIFICATION OF ANNUAL AVERAGE DAILY TRAFFIC 

1941 1942 1943 1944 1945 1946 1947 1948 1949 
Classification No. % No. '), No. 'l, No. % No. 'l, No. % No. 'l, No. % No. i 
Total traffic 1590 100. 0 829 100. 0 578 100. 0 733 100. 0 803 100. 0 1204 100. 0 1176 100. 0 1361 100. 0 1472 100. 0 
Passenger cars 1437 90. 4 668 80. 6 394 68. 2 583 79. 5 666 82. 9 1117 92. 8 1066 90. 7 1238 91. 0 1368 92. 9 
Total commercial 153 9. 6 161 19. 4 184 31. 8 150 20. 5 137 17. 1 87 7. 2 110 9. 3 123 9. 0 104 7. 1 

Light 43 2. 7 44 5. 3 14 2. 4 32 4. 4 16 2. 0 4 o. 3 5 o. 4 29 2. 1 6 0.4 
Medium 26 1. 6 37 4. 4 56 9. 7 51 7. 0 27 3. 4 30 2. 5 28 2. 4 25 1. 8 32 2. 2 
Heavy 43 2. 7 12 1. 5 13 2. 2 5 o. 7 5 0. 6 7 0. 6 18 1. 5 5 o. 4 5 o. 4 
Trailer 41 2. 6 68 8. 2 101 17. 5 62 8. 4 89 11. 1 46 3. 8 59 5. 0 64 4. 7 61 4.1 

combinations 

TABLE 5 

ANNUAL AVERAGE WHEEL LOAD DISTRIBUTION 

1945 1946 1947 1948 1949 
SE Bound NW Bound SE Bound NW Bound SE Bound NW Bound S£ Bound NW Bound SE Bound NW Bound 

(South Lane) (North Lane) (South Lane) (North Lane) (South Lane) (North Lane) (South Lane) (North L ane) (South Lane) (North Lane) 
Wheel Load No. % No. % No. 'I, No. 'I, No. 'I, No. 'I, No. % No. % No. % No. 'I, 

Under 4000 302 62. 27 293 59. 07 391 67. 76 267 63. 21 367 54. 26 501 65. 24 318 52. 22 428 68. 70 403 70. 0 402 54. I 
4000- 4499 19 3. 92 13 2. 62 19 3. 29 12 2. 64 23 3. 23 32 4. 17 33 5. 42 24 3. 65 22 3. 6 22 3. 0 
4500- 4999 19 3. 92 6 1. 21 6 I. 39 11 2. 42 19 2. 66 17 2. 21 16 2. 96 22 3. 53 15 2. 6 17 2. 3 
5000- 5499 20 4, 12 11 2. 22 18 3. 12 7 1. 54 22 3. 09 24 3.13 29 4. 76 22 3. 53 6 I. 4 22 3. 0 
5500- 5999 13 2. 66 11 2. 22 18 3.12 19 4. 19 20 2. 81 23 2. 99 17 2. 79 14 2. 25 21 3. 6 20 2. 7 
6000- 6499 21 4. 33 15 3. 03 23 3. 99 19 4. 19 22 3. 09 16 2. 34 19 3. 12 17 2. 73 17 3. 0 41 5. 5 

6500- 6999 19 3. 92 20 4. 03 16 3. 12 18 3. 97 24 3. 37 19 2. 47 19 3. 12 20 3. 21 17 3. 0 36 4. 6 
7000- 7499 17 3. 50 22 4. 44 16 3. 12 12 2. 64 26 3.Ji.~ 23 2. 99 20 3. 28 27 4. 34 16 2. 8 29 3. 9 
7500- 7999 19 3. 92 39 7. 86 20 3. 47 19 4. 19 40 5. 61 27 3. 52 29 4. 76 17 2. 73 22 3. 6 31 4. 2 
8000- 8499 11 2. 27 39 7. 66 11 I. 90 22 4. 85 36 5. 32 26 3. 39 28 4. 27 15 2. 41 11 1. 9 50 6. 7 
6500- 6999 9 1. 85 17 3. 43 12 2. 08 14 3, 08 38 5. 32 24 3.13 31 5. 09 5 o. 80 13 2. 2 38 5. 1 
9000- 9499 10 2. 06 8 1. 61 10 I. 73 9 1. 98 34 4. 77 21 2. 73 19 3. 12 9 I. 44 3 o. 5 19 2. 6 

9500- 9999 1. 24 o. 40 9 1. 56 1. 10 14 1. 96 I. 04 15 2. 46 o. 32 5 o. 9 11 I. 5 
10000-10499 2 • 35 4 o. 56 0. 26 B 1.31 o. 16 4 0. 5 
10500-10999 0.14 0. 39 5 o. B3 o. 3 
11000-11499 0.14 0.16 O. I 
11500-11999 o. 33 o. 2 

Total axles 485 100. 00 496 100. 00 577 100. 00 454 100. 00 713 100. 00 766 100. 00 609 100, 00 623 100. 00 576 100. 00 743 JOO. 00 
Total vehicle~ 170 170 210 165 594 270 200 214 207 259 
Ratio axlea to 

vehiclea 2. 85 2. 79 2. 65 2. 75 1. 20 2. 84 3. 04 2. 91 2. 70 2. 87 

Sampling coOBiats of taking one 6-hour sample per day tor five conaecutive days at four periods in each year - January, April, Ju ly, October, The time of 
taking the 6-hour samples is changed for each period to give a 24-hour sample per year. 

TABLE 6 

ANNUAL PRECIPITATION RECORD 

Year 

1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 

Precipitation in inches 

31. 03 
28. 91 
29.48 
21. 66 
37. 39 
30.37 
29.33 
27. 86 

of transverse joints , pavement cross s ec­
tion, and steel re inforcement. 

The evaluation of the several features 
included in these major design studies will 
be based upon the behavior of the respec­
tive concrete slabs or pavement sections 
under service conditions , taking into ac­
count joint width movement, structural 
performance, physical irregularities, and 
roughness. 

PAVEMENT PERFORMANCE IN 
RELATION TO JOINT SPACING 

Average 29. 50 Although joint spacing is considered 
throughout the entire Design Project, it 

has received special emphasis in Series 1, 2, 3, and 4. In these four series expansion 
joints have been spaced to give sections of 120, 240, 480, 900, 1800, and 2700 foot 
lengths, and contraction joints have been spaced at 10, 20, 30, and 60 foot intervals. 
Dummy, or so-called warping joints are included in the sections containing 60 and 30 
foot contraction joint spacing. Contraction joints are plane of weakness joints with or 
without slip dowels or other types of load transfer devices , whereas dummy joints are 
constructed in the same manner except that they do not contain load transfer devices 
and the pavement reinforcement is continuous through the joint. 

Initial measurements of joint width and slab position were made immediately upon 
completion of each series in the summer and fall of 1940, and the readings have been 
used as a reference in determining subsequent displacements. Seasonal and daily 

eadings were taken as nearly as possible at the same time of day during aj!_periods 
of observation. Since the time required to make all measurements for the entire proj­
ect covers a period of three to four weeks, fluctuations in climatic conditions from day 
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Figure 3, Comparison of axle loads on test road with primary Route 
us 16. 

to day will naturally influence the seasonal measurements between series to a certain 
extent. Joint width readings are undoubtedly affected to some extent by the curling of 
the slabs also. The effect of these day to day changes in slab conditions during the ob­
servation period has not been considered in the presentation and interpretation of the 
data in this report. 

The period of taking joint width measurements was dependent to a large extent upon 
weather conditions. In general, the spring readings were taken during the latter part 
of April and the first part of May, summer measurements include those taken in July 
and August, fall readings were usually taken in October and November , and winter 
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readings any time from January to March. -
Winter readings were taken when tempera­
tures were seasonable and the pavement 
surface was sufficiently free of snow and 
ice to permit measurements. 

The joint width movements of the dif ­
ferent test sections have been reduced to 
average curves which represent the aver­
age seasonal movement for all joints under 
observation in any given section. This has 
been necessary because of the vast amount 
of data accumulated ove r the past ten years. 
Spring and fall readings were discontinued 
in 1948. 

The results from these joint studies will 
be discussed under seasonal changes in 
joint widths, daily changes in joint widths, 
and pavement movement. 

Seasonal Changes in Joint Widths 
F'igure 4, Temperature record. 

In presenting the data on seasonal chang­
es in joint widths, each type of joint under study will be discussed separately. The 
joints given major consideration in this investigation include individual expansion joints, 
and relief sections composed of two or more l ~inch expansion joints, contraction joints, 
and dummy or plane of weakness joints. 

Expansion Joints. Seasonal changes in expansion joint width for the several sections 
in Series 1-2-3 and 4 , together with their progressive or permanent change, are pre­
sented graphically in Figure 5 for the years 1941 to 1950, inclusive. These graphs 
also show the relationship between change in joint width and length of section between 
expansion joints. Unless otherwise stated, only those expansion joints separating sec­
tions of equal length were considered in plotting the graph. Where relief sections are 
involved, consisting of two or more expansion joints separated by small slabs of con­
crete, the individual expansion joint movements were combined algebraically to form 
a single value representative of one joint or equivalent width. 

Figure 5 presents the joint width movement of certain expansion joints in relation to 
length of section after the joint width readings had been adjusted to an average summer 
temperature of 75 deg. F and an average winter temperature of 25 deg. F, using coef­
ficients de rived from da ily movements. 

Several significant facts are revealed by the graphs in Figure 5. (1) In most cases 
the sections contracted sufficiently during the first winter season to cause a slight 
widening of the expansion joints in excess of the 1-inch width originally provided. (2) 
Without exception all of the ::;ecliuu::; experienced Lheir greatest movement during the 
first year after construction. (3)The annual amplitude of joint width movement dimin­
ishes with time. (4) All expansion joints show a progressive, permanent change in 
joint width resulting in a gradual closing of the joints, to the extent that after 10 years 
the sections have absorbed approximately 60 to 80 percent of the expansion space pro­
vided. There is no doubt that the progress of these residual displacements will dimin­
ish rapidly in the future, since the joint filler will eventually reach a stage of compac­
tion sufficient to resist practically all further movement of the slabs adjacent to the 
joint. (5) As one would expect, the longer sections produced the greatest changes in 
joint width the first year, although the amplitude of annual joint width movement after 
the first year is comparable to that of the shorter sections. (6) The amplitude of year­
ly movement was the least for the sections composed of 10-foot contraction joints and 
greatest for the sections with 60-foot contraction joints. This phenomenon would indi­
cate that a considerable amount of section movement is absorbed by the greater number 
of contraction joints existing in a section containing 10-footcontraction joints. 

Contraction Joints. The actual changes in contraction joint widths for different sea-
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Figure 5. Annual and progressive changes in expansion joint width. 

sons of the year and for the variable expansion and contraction joint spacings included 
in Series 1-2- 3 and 4 are shown graphically in Figure 6. The graphs show the average 
joint width movements for summer and winter seasons. 

The relative change in contraction joint width for three particular joint spacings ~-
60, 20, and 10 feet ..:.. are graphically presented in Figure 7. In addition to showing 
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the effect of joint spacing upon joint width changes, these graphs show the residual 
opening of the joints with time and that the joints closest to the expansion joints open 
more than the joints near the center portion of the section. This same phenomenon 
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Figure 6. Seasonal changes in contraction joint width. 
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may be observed on all of the test sections. 
The relationship between seasonal contraction joint width movement based on a 10 

year average is disclosed by the following data. 

Expansion Joint Spacing in feet 
120 240 480 900 1800 2700 

in. in. in. in. in. in . 

Series 1 . 125 . 140 . 153 . 136 . 146 . 126 
Series 2 . 047 . 068 . 068 . 061 . 053 • 062 
Series 3 . 060 . 065 . 055 . 054 . 056 . 057 
Series 4 . 020 . 031 . 020 . 017 . 017 . 019 

The following significant facts are disclosed by the graphs in Figures 6 and 7: (1) 
that under similar conditions of expansion 
joint spacing the movement of the 60-foot 
contraction joints is at least four times as 

A SEC"TIONS 

Figure 7. Contraction joint residual move-
ment. 

great as those spaced at 10 feet; (2) the 
changes in width of contraction joints vary 
with the section length, the shorter the 
section length the greater the contraction 
joint movement; (3) in the long sections 
the movement of the contraction joints 
near the expansion joints is slightly great­
er than that of the joints near the center 
of the section; (4) the contraction joints 
show an annual amplitude of joint width 
change which apparently decreases with 
time, the amplitude being greater in the 
longer slabs and diminishing with decrease 
in slab length; and (5) with few exceptions, 
all contraction joints experienced a gradual 
progressive increase in width during the 
first five years, and very little increase 
in residual opening thereafter. The sea­
sonal variation in joint width is still very 
pronounced, however, under certain de­
sign conditions. 

Dummy Joints. In Series 1 and 2, 60-
lb. and 37- lb. per 100 square feet mesh 
reinforcement, respectively, was laid 
continuously through the dummy joints. 
Measurements have been taken at several 
joint locations throughout Series 1 and 2 
to study the effect of the reinforcement 
upon joint behavior. Average seasonal 
changes in joint width are shown by graphs 
in Figure 8. 

The graphs show that in practically all 
cases the maximum opening of joints does 
not exceed 0. 05 inches. As in the case of 
contraction joints, the movement of the 
dummy joints near the center of the long 
sections is less than that of joints near 
the ends. The graphs also indicate that 
the dummy joints react in the same man-
ner as contraction joints but to a much 
smaller degree, in that they fluctuate 
slightly with seasonal changes and seem 
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Figure 8. Seasonal changes in dummy joint width. 

to acquire a small, gradually increasing residual opening with time. No relation is 
apparent between joint width change and weight of steel reinforcement. In the eighth 
and ninth years, however, several dummy joints in Sections B and E of lightly rein­
forced Series 2 have opened excessively during the winter, indicating a break in the 
steel at those points. 

Daily Changes in Joint Widths 

In conjunction with the seasonal joint width measurements certain joints were se­
lected for daily observations. Readings on the same joints were taken early in the 
morning while the pavement was cool and then in the mid-afternoon when the pavement 
would be normally at its maximum temperature. The relationships for the daily joint 
width movements for all series are expressed in comparable terms, such as change in 
joint width in inches per degree Fahrenheit versus length of section and spacing of 
joints. Daily readings were discontinued in January 1948. 

Expansion Joints. The average daily changes in expansion joint widths by years and 
seasons are represented by bar graphs in Figure 9. Included in the graphs are meas­
urements from selected joints in all ten sections of the Design Project. In general, 
the data disclose several significant facts. (1) Daily joint width movement is influenced 
to a.....certain extent by_the degree of pavement r estraint which nor mally increases with 
age due to depletion of expansion space and residual volume changes in the concrete. 
(2) Intermediate contraction joint spacing has a decided effect upon daily joint width 
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movement as may be observed by comparing graphs of Series 1 with those of Series 4, 
(3) In general, the movement is greatest during the spring and least in the fall seasons, 
while summer and winter seasonal readings are about comparable. It is believed that 
this greater movement in the spring than in the fall may be due to the relatively great­
er freedom of the slab resulting from winter opening of the joints combined with a wid-' 
er temperature range induced by the radiant heat of the sun, which is maximum at the 
summer solstice (June 21). (4) No definite relationship is discernible between daily 
joint width movement and certain construction features such as weight of reinforcement, 
cross section, thickness, or joint design. 

It is believed that the exceptionally high daily movements for all series in section 
lengths greater than 240 feet are due to the fact that greater expansion space was pro­
vided in those cases. Two 1- inch joints were used for the 480 and 900 foot sections, 
and three 1-inch joints for all sections 1800 feet and 2700 feet in length. 

WINTER SPRING SUMMER FALL 
SERIES 
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Figure 10. Daily movement of contraction joints. 
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Contraction Joints. In a similar manner the average daily contraction joint width 
movements have been presented in Figure 10. The data presented in Figure 10 shows 
in general that the contraction joints behave in the same manner as the expansion 
joints. Because of the greater number of joints involved in the case of contraction 
joints, the relationships between joint width movement and joint spacing are more pro­
nounced. 

Dummy Joints. Daily observations have been made on certain dummy joints in Ser­
ies 1 and 2. Data from these observations are presented graphically in Figure 11. 
The graphs serve to show that the joints function in the manner of other joints but to a 
lesser degree, and that the magnitude of the daily movement is in general under O. 001 
of an inch per degree F. 

Pavement Movement 

In certain sections of Series 1, 2, 3, and 4 reference monuments were established 
to measure the relative movement of different parts of the sections with respect to 
fixed points in the subgrade. Monuments were placed at the center, quarter points 
and ends of Sections lA, lF, and 4F and at the ends and midpoints of Sections 3A, 4A, lC, 
4C, lD, 3D, 2F, and 3F. The curves in Figures 12 to 15 inclusive show the relative 
behavior of the different parts of each section, in respect both to seasonal movement 
and to the distance of the monument from the center of the ,section. 

The data indicate that for long sections of pavement the greatest movement is at 
the ends and rapidly diminishes until a point is reached at which practically no longi­
tudinal movement takes place. This is clearly shown by graphs presented in Figure 16. 
For the two 2700-foot sections - Series 1 and Series 4 - the point of zero longitudinal 
movement was, in 1941, approximately 700 to 800 feet from the ends of the sections 
but in 1950 the same point had retreated slightly to 1000 and 1100 feet from the ends. 
It is also noted in Figure 16 that the two sections have acquired a considerable increase 
in residual displacement during the 10-year interim. The substantially greater move­
ment of the north end of Section 4F is due to the pr esence of five 1- inch expansion 

(,_ , joints at the relief end instead of the usual three expans ion joints because of the abut-
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Figures 12, 13 & 14, Seasonal changes in section length. 

14 

ting Muskegon River bridge. Thus, there exists in the central part of the 2700-foot 
sections in Series 1, 2, 3, and 4, portions of pavement more than 500 feet along which 
at elevated temperatures are under restraint similar to that of , a continuous slab with­
out expansion joints. Therefore, in the case of sections whose lengths are less than 
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about 1800 feet, it may be expected that 
every point in each half of the section will 
display some movement with respect to the 
center of the section. For short sections 
such as illustrated by the graph at the top 
of Figure 16, (Series lA) the movement of 
any point in either half of the section is 
approximately proportional to its distance 
from the center of the section. 

It may be noted further that movements 
of the ends of each section are quite simi­
lar in cha racter. In some instances cer­
tain inherent construction features, such 
as horizontal or vertical alignment, soil 
conditions, and bridge structures, no 
doubt influence the relative movement of 
the entire section, resulting in a general 
displacement of the whole section toward 
the right or left causing the point of zero 
movement to occur on either side of the 
geometric center of the section. It is also 
indicated in Figure 16 that the sections ex­
perienced their greatest movement during 
the first five years after construction. 

Summary 

The study of expansion and contraction 
joint movement has brought out several 
interesting a nd sigqificant facts concern­
ing slab behavior under varying expansion 
and contraction joint spacing. (1) The sea­
sonal movements of the expansion joints 
indicate that there takes place during the 
fir st year afte r construction a considerable 
expansion and subsequent permanent dis -
placement of the slab ends , using at least 
50 percent of the space originally provided. 
(2) Subsequent to the first year's movement 
the section ends oscillate with seasonal '\ r\, T 

•.oo 1-1- - f--+--+--+--t--t--t--t-- i--t--i--'I:~ i 
Oi 5 TANCE rROM C(t,iT(R Of 5(CH0t,1 - rt t T 

figure 16. Relation betwee n section move­
ment and distance from c e n t er o f section. 

' climatic changes and the amplitude of these 
seasonal movements gradually diminishes 
with time. A slow, progressive perma­
nent displacement also takes place which 
is greatest during the first 5 to 6 years 
and levels off thereafter. Eventually the 

joint filler will become compressed to such a state that no further longitudinal move­
ment can occur. (3) Contraction joint spacing has considerable influence upon the 
amplitude of expansion joint movement. (4) All contraction joints acquire a small per­
manent opening which increases with time. The degree of joint movement and amount 
of residual opening is more pronounced as the distance between contraction joints is 
increased. (5) The movement of contraction joints is greater near the expansion joints 
than it is near the center of the sections. (6) Dummy joints react similarly to contrac­
tion joints but to a much smaller degree. (7) In sections of pavement greater than 1800 
feet in length without expansion joints, there is a point of zero longitudinal extension 
approximately 700 to 900 feet from the ends of the section. Consequently, the central 
portion of such sections at elevated temperatures will be under restraint similar to 
that of continuous slabs in which no expansion joints have been provided. 
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STRUCTURAL PERFORMANCE IN RELATION TO JOINT SPACING 

The total length of cracking which has occurred in Series 1 to 4, whose slab lengths 
are 30, 15, 20, and 10 feet respectively, has been summarized in Table 7 for compar­
ative study. These data, when summarized in the following manner, show an interest­
ing relationship between slab length and total cracking. 

Slab Cracking in fe e t 
Series Length Transverse Diagonal Longitudinal T ot a l 

1 30 253 0 6 259 
3 20 128 10 35 173 
2 15 66 0 0 66 
4 10 0 0 0 0 

The longitudinal and diagonal cracking listed under Series 3 has occurred in Section 
E. In this section, mechanical load transfer devices were omitted at transverse joints. 
~he 10 feet of diagonal cracking listed under Series 3E 1·epresents the only corner 

break which has developed on the Design Project to date. The corner break is in the 
northbound lane at Station 100+70. The 35 feet of longitudinal cracking in Series 3E 
has occurred between Stations 1016+10 and 1016+50. The cracks have developed ap­
proximately 3 feet in from pavement edge on both sides of pavement. 

Condition of Concrete 

In general, the concrete surface in Series 1 to 4 is in excellent condition. Very 
little surface scaling has developed except for Section E in Series 4. Considerable 
scaling has appeared at joints. Records indicate that this is due to poor construction 
practice and finishing. However , a considerable amount of spalling has started to de­
velop along joint edges. The extent to which spalling has developed to date will be 
found in Table 7. For comparative study, the spalling data from Table 7 has been sum­
marized below. 

Series 

1 
3 
2 
4 

Slab Length 
ft. 

30 
20 
15 
10 

% of Joints 
Spalled 

28 
19 
13 

5 

Number of Spalled 
Areas 

122 
95 
97 
55 

PAVEMENT ROUGHNESS IN RELATION TO JOINT SPACING 

In September , 1941, and again in August, 1949, a series of pavement surface rough­
ness tests were conducted on the entire test road by personnel of the Bureau of Public 
Roads using their specially designed machjne constructed to record the number of sur­
face irregularities in a definite distance. The study was made primarily to compare 
the riding qualities of various sections of the pavement, especially of those having 
varied expansion and contraction joint spacing , and to determine change in roughness 
~th time. 
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In conducting the tes ts each s ection of each series was taken as an increment to 
compare the surface r oughness condition for the different joint spucings und concrete 
mixture va riations. In 1941 , additional tests were made on nea rby projects , one of the 
s ame age as the test r oad a nd a nothe r pro ject 20 years old , to affo rd a compa rison 
with standard construction and to determine an expectant roughness factor. The rough­
ness data obtained from the two series of tests are presented graphically in Figure 17. 
The original roughness factor for the entire project ranged from 73 to 101 units per 
mile, an indication, in general, of good workmanship and excellent riding qualities. 

Considering first the results of the 1941 roughness tests, it is indicated that in the 
early life of the test road the roughness factor has no significant relation to joint spac 
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ing, especially when good workmanship is ~ttained. It is evident that Series 3 and 4, 
with 20- and 10-foot contraction joint spacing, have slightly lower average roughness 
factors than those of Series 1 and 2 with greater contraction joint spacing. 

The 1949 roughness tests show that all sections have increased in roughness approx­
imately to the same degree. However, Series 4 with the 10- foot joint spacing had the 
greatest increase in roughness. The general increase in roughness for the entire De ­
sign Project is approximately 19 percent. 

PAVEMENT PERFORMANCE IN RELATION TO CROSS SECTION 

Four different types of pavement cross sections were included in the Design Project 
for the purpose of studying such factors as load capacity of subgrade versus slab thick­
ness and the balanced or thickened edge cross section versus equivalent uniform thick­
ness. The cross sections ~et up for study include the 9-7-9-inch, and its approximate 
equivalent 8- inch uniform; the 8- 6~8- inch, and its approximate equivalent 7- inch uni­
form. The portions of the Design Project devoted to this s tudy included certain sec ­
tions of Series 1- 2- 3 and 4 and Series 6, 7 , and 8. 

In general , nothing of note has developed so fa r in any of the series involved from 
which conclusive data can be established. The joints and slabs in all sections have, 
after ten years , begun to show marked difference in their relative behavior due to nor­
mal service conditions. The study emphasizes how very important it is to exercise 
rigid examination, inspection, and control over the preparation of subbase and sub­
grades for concrete pavement construction. 

Expansion and Contraction Joint Movement 

In Series 6, 7, and 8 expansion and contraction joint spacing were considered in 
conjunction with cross section design. The expansion joints are spaced at 120 feet and 
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300 feet with contraction joints at 30, 20 , 15, and 10 feet. Also the sections 6 and 8 
and part of section 7 were not reinforced with steel mesh. 

The joint width measurements at the present time, as graphically presented in Fig­
ures 18 and 19 indicate no significant relationship between joint movement and thick­
ness or shape of pavement cross section. The joint movements in Series 6, 7, and 8 
duplicate very closely the magnitude, annual amplitude and progressive displacement 
of the joints located in various series containing similar expansion and contraction 
joint spacing. 

Physical Condition of Sections 

In the winter following the construction of the test road some cracking developed in 
part of Series 6 from Station 90+70 to 94+30 and 97+60 to 103+00. During the first four 
years a considerable number of longitudinal and transverse cracks continued to develop 
in this area as illustrated in Figure 20. 

The crack pattern throughout the cracked area is typical of that caused by heaving 
of a rigid pavement due to volume changes in the subgrade. The pavement in Series 6 
was constructed on a 12-inch sand subbase overlying Emmet loamy sand and Isabella 
loam. A soils survey in the spring of 1944 revealed several factors contributing to the 
abnormal cracking. In the first place the sandy clay subgrade material was badly rut­
ted, protruding into the subbase material practically the full depth in some places. 
Such a condition would naturally prevent the normal lateral drainage of the subbase 
material; consequently, water pockets formed directly beneath the slab, which result­
ed in the longitudinal cracking of the slab. 
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Figure 21. Condition of pavement in Series 7. 

In addition to the faulty subbase condition it was learned that the subgrade material 
in the cracked sections contained pockets and laminations of peat, clay and silt, all of 
which undergo considerable volume change during freezing and thawing of the subgrade. 
Ice lenses were readily discernible in soil samples from test holes. Such subgrade 
and subbase soil conditions are no doubt responsible for the preponderance of trans­
verse and diagonal cracks within these areas. 

Transverse cracks are beginning to appear, however, in other areas of Series 6. 
In Figure 20 it will be noted that all but two of the 20 slabs in Section 6A have developed 
transverse cracks. 

In Series 7, with 8-6-8-inch cross section, the first transverse crack was noted in 
December, 1944 and, since that time, several more have developed as may be seen in 
Figure 21. 

Only two transverse cracks have developed in Series 8 with 7-inch slab thickness. 
The first was observed in April, 1943 and the last in December, 1944 (see Fig­
ure 22). 

A review of Figure 1 will show that Series 8 lies entirely on an excellent granular 
subgrade soil whereas all of Series 6 and 7, with the exception of Section 7D, were 
placed on a subbase over a questionable subgrade material. This is no doubt the rea­
son why Series 8 has preformed so well over the past years. A complete crack and 
spall summary will be found in Table 8. For comparative purposes the crack informa­
tion in Table 8, for Series 6, has been tabulated both for the entire series and also 
just for those slabs outside of frost heave areas previously described. 
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TABLE B 

SUMMARY OF PAVEMENT CRACKING AND JOINT SPALLING [N B.ELATION TO CrlOSS SECTION 
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Pavement Roughness 

With reference to Figure 17, it may be seen that the riding qualities of Series 6, 7, 
and 8 are approximately the same with Series 7 being probably slightly rougher. All 
three series have increased approximately the same amount with age. 

Summary 

All other factors considered equal, the data presented above show a definite rela­
tionship between joint spacing and pavement performance at least up to slab lengths of 
30 feet. It is indicated that within the limitations of the study, transverse cracking and 
joint spalling increases with the increase in joint spacing but roughness will increase 
with decrease in slab length. 

PAVEMENT PERFORMANCE IN RELATION TO STEEL REINFORCEMENT 

Consideration was given to the problem of designing pavements with and without 
steel reinforcement. To this end different sections of the Design Project were con­
structed with 60, 37, and O pounds of steel reinforcement per 100 sq. ft. of pavement. 
The problem of reinforcement was also considered in connection with contraction and 
dummy joint construction as well as in the construction of continuous slabs of varying 
lengths without intermediate contraction or dummy joints. 

Reinforcement in Relation to Dummy Joint Construction 

In Series 2, containing the 37 lb. reinforcement it is evident , through the sudden oc­
currence of abnormally large joint width readings, that the steel has failed at certain 
dummy joints. Of 4 dummy joints at the west end of Series 2E, two have opened ex­
cessively for the first time in the winter of 1949, these are joint 108 at Station 907+70 
md joint 112 at Station 908+30. Of seven dummy joints in Series 2B, 3 have opened 
excessively at various times as follows: 

Joint 33 at 949+25 
Joint 39 at 950+15 
Joint 41 at 950+45 

Winter 1948 
Winter 1949 
Winter 1950 

Similar conditions have not occurred in dummy joints in Series 1 containing 60 lb. 
steel. No other comparative data are available for judging merits of different amounts 
of reinforcement. 

Continuous Slabs with and without Reinforcement 

Two sections, designated Series 11 and 12 of the Design Project, were constructed 
in conjunction with the Durability Project of the Test Road (see Table 1). These two 
sections of pavement included continuous slabs of different lengths with and without re ­
inforcement. Series 11 and 12 were established in order to obtain more comprehensive 
data relative to concrete pavement design, especially in relation to the behavior of con­
tinuous slabs versus slabs with intermediate contraction and plane of weakness joints 
and for slabs constructed with and without reinforcement. Special attention has also 
been given to changes in slab length, progressive cracking of the slabs, and the influ­
ence of steel on degree and character of cracking. Each series contains continuous 
lengths 90, 120, 360, and 600 feet. Steel reinforcement at 60 pounds per 100 sq. ft. 
was placed in Series 11. Series 12 was not reinforced. It is to be noted that these 
sections were not built by the contractor of the Deisgn Project and the materials, such 
as cement and aggregates involved in the construction of the concrete slabs, were ob­
tained from entirely different sources. It is believed that these factors will have very 
little effect upon the final results derived from the study. 

Pavement Movement in Relation to Slab Length 

Reference monuments were installed at the ends, center, and quarter points of the 
.;labs in Series 11 and 12 to observe their movements over a period of years. Unfor-
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tunately, the subsequent cracking of the long sections has reduced them to a series of 
short slabs which has restricted somewhat the original purpose of the study. Seasonal 
readings were continued, however, and the slab movement at the various monuments 
has been presented graphically in Figures 23 and 24. In general, the data further show 
an influence of restraint on slab movement similar to that observed on the 2700-foot 
sections in Series 1, 2, 3, and 4. 

Since the 120-foot slabs of Sections llB and 12B have not broken, it is possible to 
observe the net change in their length. The net seasonal and progressive changes for 
the 10-year period are shown in Figure 25. It may be observed from the plotted data 
in Figure 25 that both slabs have acquired a residual increase in length of approximate­
ly 0. 3 to 0. 4 of an inch. The greatest net change in slab length apparently took place 
during the first year, whereas during the succeeding years the increase in length has 
been gradual and much smaller in amount. The values plotted represent field meas­
urements at the existing slab temperatures indicated for winler and summer seasons. 

Physical Condition of Slabs 

The physical condition of the slabs in both series with respect to cracking is shown 
in Figure 26. The crack pattern of both series is very similar. For example, the 
120-foot sections have not cracked and the 360-foot and 600-foot sections of the two 
series are cracking in a similar manner . However , the full transverse cracks have 
formed sooner in the unreinforced section. Fortunately, both Series 11 and 12 have 
been eunslruclell on Lile same type of subgrade soil identified as a sand of the Rubicon 
and Newton series. 

The total length of cracking in Series llC and llD is 220 feet. In Series 12C and 
12E, comparable sections to Series llC and D, the total length of cracking is 237 feet. 

With few exceptions, the cracks formed first at the monument boxes which were set 
in the slabs to measure slab movement. The maximum width of crack opening in the 
slabs varied from % inch to 1/2 inch or more. From visual examination and crack width 
measurements, it is apparent that the steel mesh in Series 11 has broken at the crackF 
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TABLE 9 It is of interest to note that the original 
test slabs of comparable lengths in both 
series have broken down into individual 
slabs of average length, of 91 and 72 feet 
respectively in Series llC and 12C and 

SUMMARY OF SLAB LENGTHS IN SERIES 11 AND 12 

Number and Length of Individual Slabs in 1950 

Original Slab Length Original Slab Length 
360 It. 600 ft. 

for Sections llD and 12E, slab length av­
erage 86 and 120 feet, respectively. How­
ever, individual slab lengths vary in both 
series from 17 to 152 feet. Summary of 
slab lengths will be found in Table 9. 

Riding Qualities 

Section 
Steel 
llC 

92 
90 
90 
90 

Avg. W 

No Steel 
12C 

90 
95 
70 
17 
88 

Avg. --n--

Steel 
l1D 

120 
20 
52 

108 
75 
75 

160 
Avg:-el, 

No Steel 
l2D 

149 
73 
76 

152 
150 

Avg. T2o 

With reference to Figure 17, it will be noted that Series 11 and 12 have riding quali­
ties comparable to the test sections located throughout the Design Project. However, 
Series 11 with the steel mesh, has a lower roughness factor than Series 12 without steel, 
which might be significant. Both series have increased materially in roughness over 
the past ten years. 

Expansion and Contraction Joint Design 
The design of a transverse joint necessitates consideration of structural features 

which will enable the joint to perform the function for which it is intended. It must pro­
vide for movement due to expansion or contraction, load transfer where necessary to 
maintain vertical alignment of abutting slabs, possess flexibility to permit warping, 
and provide adequate seal against infiltration of water and inert material. 

Several units of various types of expansion and contraction joint construction in cur­
rent practice were installed in the Design Project of the Test Road for comparative 
study. With respect to expansion joint construction two types of construction features 
were given major consideration; (1) the efficacy of standard dowel bar construction 
with fiber filler strip versus air chamber construction, and (2) different design features 
to maintain vertical alignment of abutting slabs. In the case of contraction joints spec ­
ial consideration has been given to the study of four outstanding construction features: 
(1) the sealed groove versus premolded bituminous fiber strip; (2) load t r ansfe r featur e 
to maintain vertical alignment of the slabs; (3) features to insure proper formation of 
contraction joint; and (4) the feasibility of omitting load transfer devices in the case of 
short slabs and long spacing of expansion joints. 

EXPANSION JOINT DESIGN 

The following types of expansion joint construction have been considered: 

Type DB-1 (1) Highway Bepartment-Standard 1-inch bituminous 
fiber boa rd with %- by 15~inch dowel bars at 15-
inch spacing for load transfer. 

Type TE (1) Thickened edge slabs with 1-inch bituminous 
fiber board and one 11/4- by 18-inch dowel placed 
at each of the four corners, 9 inches in from 
the slab edge. 

Type CB (2) Uniform thickness slabs with 1-i.nch bituminous 
fiber boar d and one 11/.i - by, 18-inch dowel placed 
at each of the four corners , 9 inches in from 
slab edge. ' 

Type A (2) Standard 1-inch bituminous fiber board, but 
with no load transfer device. 

Type DB-1 (3) Air-chamber construction with 1-inch opening, 
top, bottom, and sides sealed with an asphalt­
latex joint seal compound and using %- by 15-
inch dowel bars at 15-inch spacing for load 
transfer. 



( 

Type TB (4) Air-chamber construction with 1-inch opening 
sealed at bottom with an asphalt-latex joint seal 
compound and at top and sides with a premolded 
rubber seal. Translode base units were used as 
the load transfer feature. 
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Data presented previously in the report show that with few exceptions, such as in the 
stress curing section, the seasonal amplitudes of joint movement are comparable and 
that there appears to be a progressive narrowing of the joint widths, which seems to be 
a natural phenomenon in concrete pavements, especially those constructed with inter­
mediate contraction joints or containing continuous slabs which have cracked. 

Premolded Fiber Filler versus Air-Chamber 
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Joint width measurements and visual observations indicate that the premolded fiber 
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board has certain advantages over the air-chamber type of joint. When the fiber board 
is properly installed, with respect to edge of joint and surface of the slab, it provides 
a good foundation for the bituminous sealer. Also, since it does not extrude it will re­
main intact to prevent infiltration of large aggregate pieces. Furthermore, it will 
distribute compressive forces due to expansion uniformly over the ends of the two a­
butting slabs. This latter fuqction should decrease materially the inherent tendency of 
concrete pavements to disintegrate at expansion joints. Air-chamber expansion joints 
such as were included in the investigation require exceptionally good seals in order to per­
form their function satisfactorily. Since the two types of air-chamber expansion joints were 

Figure 28. Ai r chamber expansion Joint, Type DB-1 (3) Series 5, 
Station 79+60. (Left) at time of construction, 1940. (Right) 10 

years later, 1950. 
constructed somewhat differently in different locations of the Design Project, their re­
spective performances will be discussed separately. 

Type DB 1 (3) Series 5. Seasonal joint width changes for the two types of air-cham­
ber expansion joints are presented graphically in Figure 27. In general, the joints in 
Series 5 have developed a slightly greater permanent closure than joints in other series 
constructed with premolded fiber. This is to be expected since these joints offer no 
restraint to the adjacent slabs. In the case of Type DB 1 (3) joints, this movement has 
caused excessive extrusion of the bituminous seal onto the pavement surface. In two 
cases in Section 5G the metal inserts employed to retain the bituminous seal in place 
have been pushed partially out of the joint. The abnormal movement encountered in 
Series 5, Sections F and G may be due to two constructional factors associated with 
this particular test section: (1) the two end sections F and G lie at the foot of a down­
grade of 0. 464 percent; (2) these two sections abut against a bridge structure which 
cannot shift laterally. In Figure 28 there are presented views of air-chamber expan­
sion joint DB-1 (3) at the time of construction and 10 year s later. 

Type TB-(4) Series 9A. The air-chamber expansion joints used in Series 9A, Type 
TB-(4) have reacted very satisfactorily exr.ept for thP. prP.mo]dP.d rubber seal which 
failed after two years in service. The premolded rubber seal through traffic action 
was pushed down into the joint about % of an inch and rotated 90 degrees in the joints 
(see Figure 29). Eventually it was necessary to remove the rubber seal, thoroughly 
clean the joints and reseal. In the resealing process the old premolded rubber mate­
rial was placed back into the joint opening at a depth of about %- inch and new hot ­
poured bituminous- rubber joint sealing compound was poured on top to effect the seal. 

The average seasonal changes in joint width for Type TB-(4) expansion joints in 
Series 9A will be found in Figure 27. 



Series 

10 A-1 

10 A-2 

10 B-1 
10 B-2 

Fi gure 29. Air c hamber expansion 301-nt, Type 113-( 4) eries 9A, Sta­
tion 171+10. (Left) at time o f constructi on, 19 40 . (Right) same 

joint 2 years l ater (1942) when joint had to be repaired . 

TABLE 10 

FAULTING OF EXPANSION JOINTS WITH AND WITHOUT 
LOAD TRANSFER DEVICES 

Two Lanes 
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No. of Joints Having Maximum Total No. Percent-
Fault of: Total of Joints age 

Over Joints in of Total 
1/e in. 3/ie in. Y4 in. 1

/ 4 in. Faulted Two Lanes Faulted Load Transfer 
A B A B A B A B A B A B 

2 1 0 0 0 0 0 0 2 1 20 10 5 %- by 15-in. dowels, 
15 in. spacing 

0 0 0 0 0 0 0 0 0 0 18 0 0 %- by 15-in. dowels, 
15 in. spacing 

5 6 5 4 0 3 0 0 10 13 18 56 72 None 
5 5 4 1 5 5 0 2 14 13 18 78 72 None 

A - Survey August 1944 
B - Survey July 1949 

Load Transfer Features in Expansion Joints 

The merits of the different load transfer features included in the project will be e­
valuated on the basis of faulting and slab deflections. 

Faulting. No faulting at expansion joints has developed in any series of the design 
project except in the case of Series 10B-l and B-2 which include Type A-2 expansion 
joints with no mechanical load transfer feature. After four years in service measur­

able faulting occurred which has increased somewhat with age. The results of surveys 
made in August, 1944 and July, 1949 are summarized in Table 10. Series lOA - 1 and 
lOA-2 were constructed with mechanical load transfer features for comparative study. 

The values represent maximum faulting of slabs at the edge of the pavement only. 
All readings of 1/16 inch and under we1·e disregarded because of the possible influence 
on their accuracy of normal irregularities in the pavement surface. The data in Table 
10 indicate very clearly the influence of mechanical load transfer devices on the pre-

:mtion of faulting at expansion joints. 
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TABLE 11 

SUMMA RY O F EXPANSION JOINT DATA RELATIVE TO SLAB DE FLECTIONS AND LOAD T RANSFER 

bi:11lj@bcil11ii:i !Ui6 DiJliicliimi t.ooft TrlM!e r Rt.ll,m $ 
i111j {nH 

Oe (leclion Data , Loade d Slab 
Ave rage Average 

PaYemenl Expansion Load Joint JoJnl F ille r Avg. Joint Unloaded Relati ve Rating of 
Thickness, Joinl Transfer Spacing, and Sea l No. of Opening, Maximum, Min imum , Ave rage, Slab Dell. Deflection Load Trans fer 

'""""' Inches !ll!! 1:C1n turt: (eet !1:1!!' Joints lt~chq &nt:hoa ,ni:11~, IDOhe:11 inc hes inches Unit 

A 1-2-3-4 9- 7-9 DB-1 ';. x 15" Dowel 120 1 and 2 11 • 511 , 01925 , 0475 , 0116 • 0003 · , 0022 43.4 
B 1-2-3-4 9- 7- 9 DB-1 ';. x 15" Dowel 240 I 15 , 345 . 0286 . 0034 ~ 0 152 . 0125 , 0027 45.1 
C 3-4 9- 7-9 DB-1 ';. x 15" Dowel 240 I 6 • 325 , 0327 , 0090 , 0191 , 0179 , 0019 47. 5 
C 1-2 9- 7- 9 T.E. 11

/. x 18" Ca r . Bars 240 I 9 , 370 , 0232 , 0071 . 0 144 , 0117 , 0027 44.9 
D 1-2-3- 4 9- 7- 9 DB-1 3/t x 15" Dowel 900 land2 12 , 317 . 0434 • 0020 - . 0175 . 0156 • 0019 47. 0 
E 1-2-3-4 9- 7- 9 DB-1 3ft x 15'' Dowel lBOO I 9 , 418 , 026 5 , 0065 . 0173 , 0159 , 0014 47.9 
F 1- 2- 3-4 9-7-9 DB-1 a;t x 15" Dowel 2700 I 7 • 287 , 0224 , 0101 . 0117 , 0108 , 0009 48. 0 

5 A-B-C- D 9-7- 9 DB-I :i;. x 15" Dowel 120 I 10 • 450 , 0260 , 0085 . 0144 , 0104 , 0040 41. 9 
6 A-B-C- D 8" Un iform CB-1 11,'. x 18" Cor. Bars 300 2 • . 350 , 0280 , 0063 . 01 23 . 0103 , 0080 45. 5 
7 A-B- C- 0 8- 6- 8 DB- 1 '% x 15" Dowel 120 I 11 , 420 , 0295 . 0090 , 0195 , 0177 , 0018 47. 6 
8 A-B-C-D 7" Unilo rm CB-1 11

~ x 18" Car. Bars 120-300 2 ' • 380 . 0258 , 0133 .0208 . 0160 , 0040 44. 7 
9A 9- 7-9 TB Trans lode Base 100 • , , 909 . 026 0 , 0202 . 0223 . 0040 , 0183 15.1 
10 Al & A2 9-7-9 DB-1 '!, x 15" Dowel 120 I 6 , 355 , 0212 . 0085 • 0142 . 0110 , 0032 43. 6 
10 Bl & 0'2 P- 7-9 A ~ regale Inte rlock 120 ' 4 . 442 . 0155 • 0060 . 0090 • 0034 , 0056 27.5 

a Joint rati ng •T~ Value o! 50 would lnd icale 100 percent load lrans!er ability. Meas ure ments made m summer and fall of 1948. 

No comparative faulting data are available in regard to the relative merits of the 
remaining types of expansion joint designs which were included in the load transfer and 
joint design study. Evidently time and traffic have not been sufficient to bring out any 
noticeable physical differences as yet. 

Slab Deflections. During the summer and fall of 1948 a series of slab deflection 
meas urements we1·e made at certain expansion joints in an attempt to evaluate the load 
transfer characteristics of the different types of units included for study. In all cases 
the axle load employed was 18,000 pounds supported on two single wheels. The outside 
wheel was placed 6 inches from the pavement edge. The load was transferred alter­
nately from one slab corner to the other. Total and relative deflections were meas­
ured by one-thousandth dials attached to supports on the shoulder. All readings were 
taken in the morning of each day. Three separaie observations were made at each 
joint per day. A summary of load deflection data taken at two seasons of the year, 
summer and fall, have been averaged to give final results, which are presented in 
Table 11. 

The data in Table 11 brings out some very interesting and significant points. (1) 
With reference to Series 10, Section lOB-1 and B-2 without load transfer has a joint 
rating of only 27. 5 compared to 43, 6 for Section lOA-1 and A-2 with load t r ansfer. 
Apparently in Series lOB-1 and B-2 the joint filler under pressure is developing acer­
tain amount of mechanical interlock between the joint faces. (2) The Type TB (4) ex­
pansion joints in Series 9A with translode base units have the lowest load transfer rat­
ing of 15. 1. Comparable expansion joint design in Series 5 with %-inch dowels has a 
rating of 41. 9. Apparently the translode base unit is not a satisfactory load transfer 
device. (3) At present no definite distinction can be drawn between the other types of 
expansion joint design since they all have approximately the same joint rating. These 
readings range from 43. 4 to 48. 0 which is indicative of good load transfer performance 
to date. 

CONTRACTION JOINT DESIGN 

The types of contraction joint design considered in the investigation are: 

Type DB Department Standard consisting of %- by 15-inch dowels 
at 15- inch spacing with 2%- by 1,4-inch premolded fiber 
filler strip at top. 

Type lB Same as above except that a 1/2- by 2%-inch groove is 
substituted for the premolded fiber filler strip. 

Type 2A SameasType DB except for the addition of a 1-inch 
high metal parting strip at bottom of joint. 

Type 2B Same as Type 2A except the groove was substituted for 
the premolded fiber fiJlei:: strip. 

Type 3 Metal divider plate full depth and groove at top. %- by 
15-inch dowels at 15-inch spacing used. 

Type 4 Continuous plate dowel assembly. Top edged and sealed 
with asphalt-rubber joint compound. 



Type 5 
Type CB 

Type 6 

Key-lode plate dowel assembly. Not sealed. 
11,4-inch by 18-inch corner bars with premolded fiber filler 
strip, placed 9 inches from edges. 
Aggregate interlock only. 
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At the end of 10 years sufficient evidence has been collected on the relative behavior 
of the various types of contraction joint construction to warrant detailed discussion. 

Premolded Fiber Strip versus Sealed Groove 

Types DB and lB were constructed primarily to study the possibility of reducing 
spalling at contraction joints by substituting the groove for the premolded fiber filler 
strip. In that respect the following relative behavior has been observed: 

Spalling at Transve1,se Edges. In Series 5 the majority of the contraction joints 
were constructed with a groove which was subsequently filled with a bituminous-latex 
sealing compound. At the present time the joints are in excellent condition except for 
weathering of the seal as may be seen in Figure 30. The joint edges have remained 
intact and no spalling of the concrete has been noted. Some scaling has appeared at 
joint edges. In the case of contraction joints constructed with premolded fiber strip 
several kinds of failure have been encountered, the most undesirable of which is spall­
ing of the concrete along the joint edge. For comparable data on joint spalling see 
Table 12, also, Tables 7 and 8. Perhaps the spalling is a direct outcome of installa­
tion practice since it is usually associated with tipping of the fiber strip during instal­
lation or placing the strip too far below the surface of the pavement. Typical examples 
of this kind of spalling may be noted in Figure 31. The spalling of the joints in Sections 
F and G of Series 5 is definitely associated with the type of load transfer device rather 
than type of joint construction. This will be discussed later under Continuous Plate 
Dowel Construction. 

Spalling at Longitudinal Joints. Corner spalling at junction of transverse and longi­
tudinal joints is becoming quite prevalent throughout the Design Project wherever bi­
.uminous premolded fiber strip is used in the construction of both type of joints. This 

Figure 30. Type 18 contraction joint with groove, Station 64+90. 
(Left) joint when installed, 1940. (Right) same, joint, 1950. 
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Joint 

TABLE 12 
SUMMARY OF PAVEMENT CRACKING AND SPALLING 

IN RELATION TO CONTRACTION JOINT DESIGN 

Series 5 
9"-7"-9" 

Slabs 

30 Foot Slabs 
37# Steel - 120" Expansion Joints 

Cracking in feet Design 

Section Design Total Number Percent Trans- Dia- Longi- Total Construction Load 
No. Type Slabs Cracks Cracks 

A 

B 

C 

D 

E 

F 

G 

1B 

2A 

2B 

3 

3 

4 

4 

12 

12 

12 

12 

12 

12 

6 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

8 

33 

verse gonal tudinal Transfer 

0 

0 

0 

0 

0 

11 

50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0. 

0 

0 Premolded 
fibe r strip 

0 Fiber strip 
&Parting Strip 

O Groove 

0 Groove & 
metal plate 

0 Same as D 

11 Edged & 
sealed 

50 Edged & 
sealed 

3/4-in, 
Dowel 
3/4-in. 
Dowel 
3/4-in. 
Dowel 
3/4-in. 
Dowel 
3/4- in. 
Dowel 

Continuous 
Metal plate 

Same 

SPALLING 

A 

B 

C 

D 

E 

F 

G 

1B 

2A 

2B 

3 

3 

4 

4 

Number Number Percent 
Joints Spalled Spalled 

12 

12 

12 

12 

12 

12 

6 

1 

3 

0 

0 

0 

7 

2 

8 

25 

0 

0 

0 

58 

33 

Number Percent 
Spal:ed for 
Areas Group 

1 

4 

0 

0 

10 

2 

17 

0 

50 

Joint Design 
Method of Seal 

Premolded Bituminous Fiber 
Strip 

Grooved and Sealed 

Grooved and sealed surface 
Spalling due to load transfer 
device 

particular type of spalling has not developed at present in Series 5C and D where the 
grooved transverse joints were constructed; Typical examples of this type of spalling 
are illustrated in Figure 32. 

Sealing of Joint. Another common fault of the premolded fiber strip is that it does 
not provide adequate seal, especially during the winter months when the joints are at 
their maximum opening. In this condition the filler strip is loose in the joint, thus 
permitting the infiltration of water and inert material. Typical examples of this con­
dition are presented in Figure 33. The seriousness of this condition is naturally af­
fected by joint spacing, being greater in the sections with 60-foot joint spacing than in 
the sections with 10-foot spacing. In many instances it was noted that at the end of 10 
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Figure 31. Typical failures common to contract i on Joints construct-
ed with premolded fiber strips. 

years the filler strip has become rotten and displaced by traffic. This may be observed 
in Figure 31. 

Load Transfer Features 

Several types of load transfer features in contraction joints were considered; stan­
dard %- by 15 - inch dowel bars at 15-inch spacing, aggregate interlock, special corner 
bars and the continuous plate dowel. These features will be discussed in the order 
mentioned. 

Standard %- Inch Dowel. The standard %-inch dowel assembly was used throughout 
the Design Project with the exception of those series in which special load transfer 
features were incorporated for comparative study. The performance of these units 
will be discussed later on in conjunction with other factors associated with joint design. 

Dowel Bars versus Aggregate Interlock. In this study two major factors were con-
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Figure 32. Spalling at junction of 
contraction and longitudinal joints 
formed with premolded fiber strips. 
(Upper left) deep corner spall.s Ser­
ies 3E, no load tr ansfer. (Lowe r 
left) progressive spalling along 
longitudinal joint. (Above right) 
spalled and shattered concrete, Ser-

ies 4 with load transfer. 

sidered: (1) the omission of dowels in contraction joints with normal expansion joint 
spacings of 120 feet which would naturally permit the intermediate contraction joints 
to open freely; and (2) similar construction with the spacing of expansion joints at great 
distances which would effect consideraj::Jle restraint on individual slab movement and 
thus develop a better joint condition for aggregate interlock to perform in the manner 
intended. 

In Series 10 ... L\ and 10B contraction joints \Vere cons tructed Vv1 ith and without dowe l 
bars at joint spacings of 15 and 20 feet, the expansion joint spacing remaining constant 
at 120 feet in all sections of the series. Results of surveys conducted in the summers 
of 1944 and 1949 are presented in Table 13. The data in Table 13 indicate that the num­
ber of faulted joints in the undoweled sections of Series 10 is considerably greater than 
that in the doweled sections. In all cases the degree of faulting represented indicates 
the amount that the corner of the approach slab was below that of the passing slab. 
Moreover, there is evidence that differential movement of the slabs has started at the 
longitudinal joints due to the absence of d~wels across the transverse joint. Further­
more, the fact that a considerable number of joints with dowel bars show faulting would 
indicate the inadequacy of the %-inch dowel at such a spacing of 15 inches. The study 
clearly indicates the beneficial effect of dowels in contraction joint construction, es­
specially when expansion joints are provided at dislam:es uf 120 feel a:; in lhi:; case. 



Series 

10 A-1 
10 A-2 

10 B-1 
10 B-2 

3D 
4D 

3E 
4E 

Figure 33. Typi ca l condition of contraction J oints in wint e r with 
bi t uminous premolde d fiber s trip, Series lA, 60-ft. co n t r a ction 
joint spacing. Winter 1944-45. (Left) open t o permit in t rusion of 

inert ma te ri al . (Ri ght) s now and ice f orms in j oint. 

TABLE 13 

FAULTING OF CONTRACTION JOINTS WITH AND WITHOUT 
LOAD TRANSFER DEVICES 

Two Lanes 
Percent-Number of Joints Having 

Maximum Fault of: Total Total No. age 

1/a in. 
A B 

Over 
%6 in. 1/4 in. % in. 

A B A B A B 

Joints of Joints of Total 
Faulted ~ Faulted 
A B Two Lanes A B Load Transfe r 

7 9 
4 6 

0 1 1 1 0 2 8 13 
5 10 1 3 0 0 0 1 

23 26 7 
22 37 5 

0 5 0 
1 5 0 

15 32 0 
3 9 0 

11 4 
4 6 
0 0 
0 0 

7 1 
0 0 

9 0 
12 0 
0 0 
0 0 

1 0 
0 0 

0 34 46 
1 33 54 
0 0 5 
1 1 6 

0 16 40 
0 3 9 

90 
126 

90 
126 
176 
178 

178 
358 

9 15 
4 8 

%- by 15-in. 
dowels, 15-in. 
spacing 

38 51 No dowels, 
26 43 agg. interlock 
0 3 %- by 15-in. 
1 3 dowels , 15-in. 

spacing 
9 22 No dowels, 
1 3 agg. interlock 

A - Survey August 1944 
B - Survey July 1949 
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In Series 3E and 4E dowel bars were omitted at the contraction joints for the purpose 
of studying the effect of slab movement restraint on the performance of aggregate in­
terlock. The expansion joint spacing in both cases is 1, 800 feet and contraction joint 
spacings are 20 feet and 10 feet, respectively. In conjunction with Series 3E and 4E , 
Series 3D and 4D , with the same contraction joint spacing as Series 3E and 4E, re-
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TABLE 14 

SUMMA RY OF CO NTRACTION JOINT DATA RELATIVE T O SLAB DEFL ECTIONS AND LOA D T RA NS FER 

Ocaign Deta ils Slab Deflections Load 1"nMfor l la.Hn1 I) 
1:a) (rn) 

.Avg. 
Dell ection Oata1 Loaded Slab 

Average Average Load 
Pavement Expansion Contraction Joint Unloaded Relative Transfer 

T hickness , Joint Joint No. oI Or>e ning, Maximum, Minimum, Ave r age, Slab Defl. Defl ection Joint 
Ser ies inches s~acin!i T:t pe Load T r ansre r J oints in ches inches inches in ches inches inches Rating 

A 1- 2- 3-4 9- 7-9 120 DB l•· x 15" Dowel s 15 . 193 • 0120 • 0050 . 0072 • 0052 . 0020 4 1. 9 
B 1- 2- 3-4 9- 7- 9 240 DB f' x 15" Dowels 12 . 162 , 0158 • 0052 • 0127 • 0110 • 0017 46. 4 
C 1-2- 3- 4 9- 7- 9 240 DB l,•" x 15" Dowel s 11 • 060 • 01 85 . 0030 • 0096 • 0082 • 0014 46. 0 
D 1-2-3-4 9- 7- 9 900 DB f~ " x 15" Dowels 11 • 095 , 0503 • 0100 • 0228 . 0212 . 0016 48, 2 
E 1-2 9- 7-9 1800 DB /4 " x 15" Dowels 5 • 068 , 0325 , 0 198 - 0273 . 0225 . 0048 45. 2 
E 3-4 9- 7-9 1800 6 Aggr ega te Inter lock 12 , 029 . 0130 . 0045 • 0078 . 0062 . 0016 44. 3 
F 1- 2- 3- 4 9- 7- 9 2700 DB %•· x 15" Dowels 17 , 024 , 0825 , 0010 . 0058 . 0049 . 0009 45. 8 

5,\-B-C 9- 7-9 120 1B-2A- 2B 3/.. '" x 15" Dowe ls 10 , 239 , 0219 , 0077 . 01 39 . 0105 . 0034 43. 0 
5 D-E 9-7-9 120 3 %1

• x 15" Dowels 6 , 204 , 0150 , 0055 • 01 01 . 0086 , 0015 46, 0 
5 F 9-7-9 120 4 Co ntinuous P la te Dowel 3 . 252 . 0070 • 0035 • 0057 . 0053 , 0004 48. 2 
6 A- B-C- 0 8" Un ifo rm 120-300 CB l ~~ ··x 18" Corne r Bars 5 • 100 . 0327 _0022 • 0192 . 0132 , 0060 40. 8 
7 A-8 - C- 0 8-6-8 120 DB 'k ' x 15" Dowe ls 8 • 161 , 033 2 , 0045 . 0211 . 01 75 , 0036 45. 3 

8 A-0-C- D 7" Un iform 120- 300 CB 1/ •" x 16" Corne r Ba r s 12 . 060 , 0355 _0080 • 0175 . 0146 . 0029 45. 5 
9 TS 9-7-9 180 5 Key lode 3 . 0 11 8 - 0060 . 0082 , 0055 , 0027 40. 2 
10 A l A2 0 7 0 l l O DB ~~ ·· K 15" Oowolo 3 • )33 . OJOn , 0108 , OUM , 0111 • O&IO •1a. n 
10 Dl - 8 2 9-7-9 120 6 Aggr egate Inte rlock 5 • 172 . 0 155 . 0035 . 0 116 . 0009 , 0 107 7. 2 

a Joint rating i ~'w_> :
1 

A rating of 50 equals 100 percent load transfer. Measure ments t aken Jn s umme r and fall of 194 8. 

spectively, but containing dowel bars, were chosen for comparative study. In this 
case the expansion joint spacing is 900 feet instead of 1,800 feet. Results of surveys 
made in 1944 and 1949 are also shown in Table 13. 

The data show in all cases a gradual increase in faulting with time. Faulting of the 
20- foot slabs in Series 10 with no slab restraint is considerably higher than that in 
Series 3E with some slab restraint. However, even in the latter case, it is clearly in­
dicated that aggregate intel'lock is not entriely effective in preventing faulting. Fur­
ther, the data for Series 4D and 4E indicate that aggregate interlock is beginning to 
lose its effectiveness in the more restrained sections also. 

The absence of dowels has created a weakness in the pavement structure at the junc­
tion of longitudinal and transverse joints which eventually may give rise to a serious 
maintenance problem. This weakness is manifested by noticeable differential move­
ment of the slab corners at the intersection of the transverse joints and the longitudinal 
joint which has resulted in spalling of the concrete at the joint intersection and is slow­
ly progressing along the longitudinal joint. However, since 1945 spalling at the same 
location in doweled joints has occurred to a considerable extent where premolded joint 
seal was used. Figure 32, presented earlier, shows typical contraction and longitudi­
nal joint conditions with and without dowels. 

Corne r Bars . In Series 6 and 8, 11/.i - by 18-inch corne r bars , placed 9 inches in 
from the slab edges were substituted for the s tandard %-inch dowe l bar assemblies a t 
all contraction joints. At the present time there is no discernible physical condition 
of the joints which would indicate that they are not performing in a satisfactory manner . 

Load deflection data presented in Table 14 indicates that the average of the load 
transfer ratings for Series 6 and 8, is 43. 1 percent. This value is approximately the 
same as that of 43 obtained by averaging the load deflection results of joints in A sec­
tions of Series 1-2-3 and 4 and Sections A, B and C of Series 5, as well as all sections 
in Series 7. This would indicate that corner bars under certain local conditions may 
have merit in transferring load across a joint as co mpared to a system of dowels. 
Furthermore, a comparison of joint rating values for Series 6 and Series 8 will show 
that Series 6 has a lower joint rating than Series 8, in spite of the fact that Series 6 
has a thicker slab. It is believed that this difference in joint performance is due pri­
marily to foundation conditions , rather than joint design. The relative s ubgrade con­
ditions under the two test sections has been fully explained previously under Pavement 
Performance in Relation to Cross Section. 

Continuous Plate Dowel. Two types of continuous plate dowel assemblies in com­
mon use at the time were considered for comparative study. One particular unit , 
designated at Type 5 (Keylode) and employing aggregate interlock in conjunction with a 
plate dowel was installed at three contraction joints in Section 9-TS between Stations 
180+10 and 181+90. The other plate dowel unit known as Type 4 was installed at all 
contraction joints in Series 5 , Sections F and G. 

Views illustrating typical conditions of Type 5 joint at construction and 10 years la­
ter are presented in Figure 34. In Figure 34, two physical weaknesses are in evidence, 
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Figure 34. Type 5, Keylode contraction joint 
assembly. In Series 9TS. (Upper left) typ­
ical condition at time of construction, 
1940, Station 181+60. (Lower left) typical 
condition of al 1 similar joints after 10 
years \ Station 181+60. (Above right) gen-

~ral view of joint assembly. 

In the first place, the joint assembly provides no seal at top or sides against the infil­
tration of water or inert material. Note how the upper portion of the joint opening is 
full of inert particles. Second, it is apparent upon examination that the projections of 
concrete which extended to form the aggregate interlock are broken, thus destroying 
any load transfer action from that source. 

Load deflection studies on these joints indicate a very good load transfer rating 
(see Table 14). Values comparable to standard doweled joints were obtained. 

The continuous plate dowel, Type 4 located in Series 5, has an inherent design weak­
ness which causes spalling along the joint edge. Examples of the type of spalling may 
be seen in Figure 35. An examination of the joint revealed that the plates invariably 
were frozen in place due to rust and consequently the joints were not functioning as 
designed. The diagrammatic sketch in Figure 36 shows the general condition of the 
pavement in Series 5 and especially the degree of spalling in Sections F and G caused 
by the plate dowel assemblies. 

As may be observed in Table 14, the joint rating of 48. 2 indicates excellent load 
transfer properties for this type of joint unit. 

Crack Control Methods 

The examination of contraction joints in many concrete projects as well as those in 
the Michigan Test Road revealed that the spontaneous cracking of the pavement at the 
plane of weakness joints was very irregular and in general not vertical as desired. 
Also it was observed that in many cases diagonal cracking and subsequent spalling was 
common at the bottom of the contraction joints. 

With these facts in mind, two well-known devices for controlling cracking of the 
pavement at contraction joints were installed in Series 5 for comparative study, name-



78 

ly parting strips in bottom of joints and metal divider plates. 
Parting Strips. In this case the parting strips consisted of one - inch wide No. 19 

gage metal strip fastened in a ve rtical position to the bottom of the joint assemblies, 
directly under the premolded fiber strip or the groove , whichever was used to form 
the plane of weakness. These joints are designated Types 2A and 2B. They were in­
stalled in Series 5B and 5C. 

In order to attain proper results with the metal parting strip placed at the bottom 
of the joint careful workmanship must be exercised. Methods must be e mployed that 
will insure the proper placing of the metal parting strip directly under the premolded 
filler strip or groove , otherwise undesirable cracking will result. When properly 
placed, vertical cracking of the pavement will take place (see Figure 37). 

Steel Divider Plates. This type of joint (Type 3) was installed in Series 5D and 5E. 
Constr uction consist ed of a vertical 22-gage continuous metal plate extending the full 
depth of the pavement to break the continuity of the concrete. In this case, the metal 
dividing plate was used with the groove. 

Ther e is no ques tion that the full continuous metal plate will insure positive crack­
ing of the joint. 

Effect of Crack Control Methods on Load Transfer. With reference to Table 14 the 
data s how t hat t he joints with metal divider plates have a lower load transfer rating 
than those of normal construction. This is to be expected since no aggregate interlock 
is involved. 

. .. ...• . ~- · ' · • .... 
·- r---

. . ... 

Figure 35. Type 4. Continuous plate 
dowel contr a ction joint assembly in 
Series 5. (Upper left) typi cal spall­
ing at joi nt edge. 09 46) Station 
83+20. (Lower left) condition of 
joint at end, 1946. (Above right) 

general view of joint assembly. 
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Bituminous-Rubber Joint-Sealing Compounds 

Three types of bituminous- rubber joint- sealing compounds were used on the Design 
Project for comparative study in conjunction with joint design. These materials con-

Figure 37. Effect of bottom parting strip on joint cracking. (Top) 
typi ca l cra cking at plane of weakness j oint without pa rting strip 
at bottom. (Bottom) typical cracking when parting strip is proper-

ly i nstalled. 

sisted of two types of asphaltic oil-latex compounds developed by the department and a 
commercial type of hot-poured rubber-asphalt compound known as Thermoplastic No. 
52144. 

One type of asphalt-latex compound, designated Type 1, consisted of a mixture of 



Joint Conditions a 

EffecUve seal 
against water 

Ef(ccUve seal 
against dirl 

Plasllcity 

Overall rating 

TABLE 15 
SUMMARY OF JOINT SEAL DATA 

Asphalt-Latex, 
Type 1 

1945 1949 

30 

33 30 .. 
81 35 

EvaluaUoo in Percent 

Asphalt-Vultex, 
Type 2 

1945 1949 

25 

33 30 

20 

78 35 

TbermopJaslic, 
Type 5 

1945 1949 

33 33 

33 33 

31 16 

97 82 

a All three items used tn evaluation have equal weight, so that a rating of aa 
percent £or a given item Indicates perfect condltion for that ltem. 
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70 parts of asphaltic oil SC-6A, 30 parts 
of normal rubber latex and 2 parts of hy­
drated lime. The materials were mixed 
together under controlled conditions im­
mediately prior to sealing the joint. The 
other type, designated Type 2, was iden­
tical with Type 1, except a commercial 
vulcanized latex known as Vultex was sub­
stituted for the normal rubber latex. 

The Thermoplastic compound, desig­
nated as Type 5, was a hot-poured type 
commercial rubber compound furnished 
in block form which upon heating to 450 

deg. F transforms to a liquid of proper consistency for pouring into prepared joints. 
These materials were installed during the construction of the project as part of the 

contract. Their respective locations are given in Table 1. 
During 10 years of service, none of the sealing compounds has required maintenance 

at any time. The materials have weathered in varying degrees, however, and have be­
come considerably more inspissated with age. 

Condition surveys made in 1945 and 1949 revealed a measurable difference in ser­
vice behavior of the three products as shown in Table 15. The condition rating values 
given in Table 15 are based on the apparent plasticity and effectiveness of seal against 
water and dirt as manifested by the degree of cohesion and bond failure evident in each 
joint. 

The asphaltic oil-latex compounds have reverted to a putty-like consistency, losing 
all their original plasticity. Permanent cracks have formed in the materials (see Fig­
ure 38). 

The Thermoplastic hot-pour rubber-type compound is still in excellent condition 
after 10 years of service (see Figure 38). 

Figure 38. Present condition of bituminous-rubber material after 
10 years. (Left) asphalt-latex sealing compound. (Right) thermo­

plastic sealing compound. 
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cur1ng operations. 

The study definitely indicates that the new rubber-type joint seals are superior to 
the straight asphalt or tar products commonly used for sealing joints and cracks in 
pavement. 

Summary 

In review , the data presented in connection with the design of transverse joints dis ­
close several significant facts . They are: (1) from the standpoint of both construction 
and performance the non- extruding prcmolded fibe r board expans ion joint has many 
more desirable features than the air chamber type of expansion joint used on the proj­
ect ; (2) due to t he large seasonal movement of the contraction joints, aggregate inter­
lock in itself is not sufficient to provide adequate load transfer to prevent faulting of 
slabs; (3) the practice of providing %- inch dowels at 15-inch spacings is not adequate 
to prevent faulting of slabs either at expansion or contraction joints; (4) certain types 
of plate dowel load transfer units are to be avoided; (5) the premolded fiber strip used 
in forming contraction and dummy joints is a detriment to good concrete pavement con­
struction. Unless great care is exercised both in the placing of the strip and during 
subsequent finishing operations, irreparable damage results to the pavement. (6) Bi­
tuminous rubber type joint-sealing compounds are superior to straight asphalt or tar 
products commonly used in sealing joints. 
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Incidental Studies 
In addition to the major investigations embodied in the Michigan Test Road, several 

incidental studies were introduced into the program. These studies pertained primar­
ily to various construction methods. The results of two of these studies, namely, 
stress curing of concrete and vertical behavior of the pavement are of enough impor­
tance to warrant their inclusion in this report. 

STRESS CURING OF CONCRETE 

In Series 9A, 1, 800 feet of concrete pavement was placed by the stress curing me­
thod, which eliminates reinforcement and transverse joints other than those provided 
for expansion. The slabs were laid in 100-foot lengths. The concrete was subjected 
to controlled compressive forces during the 7-day curing period, or until such time as 
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Figure 40. Stress cured concrete. 
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the beams for modulus of rupture tests reached the 7-day specification strength of 550 
psi. The application of pressure was accomplished by using canvas covered rubber 
hose pressure cells inserted in the expansion joint openings. The pressures were in­
creased at a rate controlled by determinations of strength increase in test specimens 
up to a maximum of 200 psi. (see Figure 39). 
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Physical Condition of Slabs 

At the end of 10 years, 10 of the 18 slabs are in apparently perfect condition. The 
remaining 8 slabs have cracked as shown in Figure 40. The first crack in the entire 
test section occurred in the slab between Joints 6 and 7 prior to the survey conducted 
in August, 1941. The progressive development of cracks is also illustrated in Figure 
40 by the numbers appearing at each crack . 
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A careful analysis of the cracked slabs and subgrade has definitely proven that the 
cracking in four of the slabs can be attributed directly to abnormal changes in the sub­
grade caused by undesirable soil conditions and not to any factor or weakness in the 
slab structure due to method of construction. Part of Series 9A was constructed on a 
12-inch sand subbase overlying a loamy sand with clay pockets and sandy clay loam 
soils. Apparently the 12- inch sand subbase was not thick enough, since there is evi­
dence of rutting and intermingling of the subbase and subgrade materials causing im­
proper drainage under the slab. The slab between Joints 15 and 16 is over a balance 
point between cut and fill and, therefore, cracking has resulted unquestionably from 
differential volume changes between the fill and cut section and has been augmented by 
poor subgrade soil characteristics. The cracks in the slabs between Joints 16 and 17, 
and 19 and 20 were also caused by poor subbase and subgrade conditions. 

Slab Movement 

The maximum and minimum joint width movements fo r the winter and summer sea­
sons from 1941 to 1950 are also shown graphically in Figure 40. The character of the 
graphs indicates: (1) the joint width movements of the sound slabs are very similar in 
character both with respect to amounts and trends, (2) the sound slabs seem to have a 
residual contraction which is evidently caused by the relatively high pouring tempera­
ture of approximately 80 deg. F; (3) the movement of the joints at either end of the 
slabs containing cracks or intermediate joints responds in the same manner as normal 
slahs with intermediate contraction joints in that the amplitude diminishes with time 
and a progressive residual displacement takes place at the slab ends adjacent to the 
expansion joint. 

VERTICAL MOVE:MENT OF PAVEMENT 

During the 10-year period covered by this report, three sets of precise elevation 
measure ments have been made over the entire length of the design experimental proj ­
ect. Level measurements representing pavement behavior under winter conditions 
were taken in 1941 and 1942: Summer level measurements were made in August 1941 
and July 1944. All elevations are compared to the base readings which were estab­
lished soon after construction of the project in 1940. 

Vertical Displacement of Pavement 

In general , the data in Figure 41 show that the average vertical displacement of the 
pavement throughout the Test Road has not exceeded 1 inch and in most cases it is less 
than 1/2 inch. However , in localized areas changes in elevation of as much as 1. 95 in­
ches occurred during the winter season, and were evidently caused by heaving. Ex­
treme displacements are not shown in Figure 41. Some permanent settlement has oc­
curred ranging on an average less than 1/2 inch. In some cases the pavement has raised 
permanently between 0. 2 and 0. 4 inch. 

Relative Displacement of Slab Ends 

Data showing the average relative displacement of slah ends , or faulting at joints, 
are presented in Figure 42. The maximum average faulting for the entire test road is 
less than 1

/ 8 inch. A majority of the sections s how faulting of less than 1/is inch or , for 
all practical purposes , zero. 

Permanent Curling of Slabs 

Data on vertical displacement of slab ends with respect to slab center, or in other 
words slab warping, are presented in Figure 43. The maximum variation of relative 
vertical displacement is shown as well as the average. The data indicate, in general, 
that many of the pavement slabs have attained a slight permanent upward warping while 
others have warped permanently downward. 

No attempt has been made at this writing to correlate the displacement phenomena 
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Figure 43. Relative vertical displacement of slab ends with respect 
to center. 

with design features. It is believed that the pavement is far too young at the present 
time to produce reliable information on performance in relation to certain design fea ­
tures incorporated in the Michigan Test Road. 

General Summary 
The investigational work associated with the Design Project of the Michigan Test 

Road has produced to date several results of outstanding importance in the design and 
construction of concrete pavements. All of these findings which are recapitulated be­
low have been utilized in framing the department's current specifications for concrete 
pavement construction. 

1. The satisfactory performance of long sections of pavement under full restraint 
~ndicates that expansion joints are unnecessary except at such places as intersections, 
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rail crossings, and structures, where excessive compressive stresses introduced by 
expansion forces are undesirable. 

2. Adequate load transfer devices are essential in all joints to preserve the mutual 
elevation of the abutting slabs. 

3. The method of forming a contraction joint by grooving the surface of the pave­
ment and subsequently filling the groove with a good sealing compound is far superior 
to the method of inserting a premolded bituminous fiber strip. 

4. The continuous plate type dowel included in the test road is not satisfactory as a 
load transfer device. 

5. The commercially available asphalt-rubber joint-sealing compounds have great­
er durability than the mixed- on- the - job asphalt- latex mixtures and are far superior to 
the straight asphalt or tar products in common use for sealing joints and cracks. 

6. Nothing has been learned which would definitely indicate that short s lab construc­
tion is superior to long slab construction and many advantages are to be gained by the 
latter practice by way of better riding qualities, lower maintenance costs, and better 
construction conditions. 

7. Results so far indicate that the uniform cross section is equal in performance to 
that of the thickened edge section, with many obvious advantages. 



Report on Experimental Project in Minnesota 
E. C. CARSBERG, Concrete Engineer and 
P. G. VELZ, Laboratory Chief, 
Minnesota Department of Highways, Division of Materials and Research 

In 1940, the Minnesota Department of Highways constructed an investiga­
tional concrete pavement under regular contract and cbnstruction proce­
dures. This project was one of a group of six built in cooperation with 
the Bureau of Public Roads by the States of California, Kentucky, Michi­
gan, Minnesota, Missouri and Oregon. The purpose of these experimental 
projects was to study and evaluate various fundamental principles of con­
crete pavement design and the relative performance of such pavements 
over a period of years. 

The Minnesota project, consisting of 8. 1 miles of 22-foot concrete 
pavement, was constructed on State Highway 60 between Worthington 
and Brewster during the period from August 6 to September 20, 1940. 
The general layout and special design features were described in the 
Proceedings of the Twentieth Annual Meeting of the Highway Research 
Board (1940). (1) 

An evaluation of the project was made in 1944 covering pertinent con­
struction details together with data on observations and measurements 
taken up to, and including those of July 1944. These findings were pub­
lished in Highway Research Board Research Report No. 3B (1945). (2) 

The present report includes the data obtained on the project up to and 
including 1950. 

SUBGRADE 

eTHE subgrade is a relatively uniform, clay-loam soil with a general classification 
of A7-6 according to AASHO Designation M 145-49. At the time of construction, field 
density tests showed an average density of the upper 18 inches of 96. 3 percent as com­
pared with standard laboratory moisture-density tests. There was considerable vari­
ation in the subgrade density with a maximum of 122. 5 percent and a minimum of 71. 3 
percent. 

To date the subgrade has performed reasonably well. There has been some differ­
ential heaving at transitions from cut to fill sections. The development of high joints 
has been moderate, considering that experience has shown that high joints frequently 
occur on this type of soil. The 60-foot reinforced panels have been the only ones that 
have developed objectionably high joints. Pumping has not been noted on this project. 
Some faulting has occurred during the last few years. 

CONCRETE 

The aggregates used in the concrete were washed sand and gravel from a deposit 
located approximately 33 miles west of the project. These materials were shipped by 
rail and batched from a track-side proportioning plant. The properties of the aggre­
gates are shown in Table 1. 

The cement was a standard Type I cement, the properties of which are shown in 
Table 2. 

The mix proportions, by absolute volumes, of the concrete for aggregates from 
Pit No. 1 varied from 1 :2. 788:6. 442 to 1 :2. 834:6. 385 and for Pit No. 2 the proportions 
were 1:2. 943:6.111. The water-cement ratio varied from 5. 81 to 6.11 gallons per 
sack of cement; The consistency of the concrete was maintained within a range of% 
to lY~ inch of slump. The concrete was placed by vibratory equipment of the tubular, 
internal type which operated at a frequency of 4, 500 to 5, 000 impulses per minute. 
This unit was effective in producing a high degree of consolidation. Tables 3 and 4 
show the properties of the concrete as well as the results of the various strength tests. 
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TABLE 1 

CtJAIISE AGGIIE6ATE PIIOPER71E5 & TESTS 

PIT NP I PIT NP 2 
lrEM 

MAX. MIN. ..., V. MAX, MIN. AV. 

% Pas5ing 272" Sieve (Sq.) /00 /00 100 /00 /00 100 

% Passing 2" Sieve " 100 /00 100 /00 /00 100 
c:: % P,11ssin9 /~

11 Sieve N 100 /00 100 100 100 100 .0 

i % Passing ~
11 ,t;ieve ,, 85 50 6.,; 77 53 6~ 

~ "Jo P8ssing -'la"' 5/eve ,, 38 22 29 !18 20 27 t 
\!) % P11ssin9 No.4 Sieve fl .5 I 3 5 I 3 

Fineness Modulvs 7.27 6.72 7.0.3 7.26 6.80 7.06 

~ ti "A u Gr•o'•fion - 7c'1'al Sample 36% .32% 35% !16.% 30% .33% 
"'E Iii 

l"ooresf IS% Fracl-ion 56% 42% 48% 5.3% 4.9% 47% ...j"" 

I ~ A! Prodvcing Planr 0.58% (J./5% 0.36% 0.42% 0.27% 0.!15% 

~~ Af 8ofching Planf 1.07% 0.!14% 0.81% /.OO'fo 0.60~ 0.82% 

% Nan:/ Rock l"Brl'i&les 41.62 40.91 

% i.imasfcne Arrftcles 58.01 58.72 
.CIJ 

s,vulsl-one P.;n'icles .00 .00 , .. ,E, 
Ill vi 
_\)~ % Schisf 8nd t)/.sinfegr.,fed Parfit::/es .OG .02 
'qi 
gi~ % Shale .10 .09 
i 'lit 

% s-11 Makrial .21 .26 -(: 
:t:: % Coafeo' P8rf/cle.s .00 l2.9S 
~ 

* Crushed Parfkles /0,99 12.91 

% //oit:ls - ary 11no' Rodded 32.88 34.48 

Speciric Grevify 2.6!1 2.64 

% At,:,orpfian 1.95 1.95 

FINE AGGREGATE PRtJPE/17/ES & TESrs 
PIT NP I PIT N':'2 

ITEM LAa. TESTS FIELD TEST$ LA•. T~STS FIELD TESTS 

MAX. MIN. AV. MAX. MIN. AV. MAX. MIN. AV. MAX. MIN. AV. 

% Pass. 3/s" Sieve 1oao· 100.0 /00.0 /00.0 100.0 /00.0 100.0 /00.0 /00. 0 1oao /00.0 100.0 

% P85S. M,.4 s,ave 99.8 99.5 99.G - - - 99.8 99.7 99.8 - - -
c:: % Pa.s5. No.6 si'eve 99.5 97.I 99.0 /00.0 86.0 99.0 99.6 99.4 99.4 /00.0 /00.0 100.0 

~ o/o Pass. No. 10 Sieve 9"2.-6 9/./ 92.0 94.0 86.0 89.0 93.8 88.4 92.Z 96.0 86.0 92.0 

-t % .P;,:1.s. No. 20 Sieve 66.6 65.0 65.9 70.0 S2.0 63.0 66.7 61.4 64.I 70.0 S4.0 64.0 
Ill 

o/o PatJs. No. 50 Sieve ~ 11.6 /0,0 II. /J /3.0 6.0 /().0 IS.2 9.8 13.I IS.0 6.0 i/.0 

% Pass. ,Va. 100 Sieve 3.3 /.5 2.3 - - - !1.2 /, 7 2.4 - - -
Fineness Moo'vlvs 2.73 2.6/ 2.6G !J.18 2.56 2.8/ :?.81 2.57 2.65 2.96 2.48 2.68 

.Oecanf11f/on Loss - % /.00 0.90 0.97 0.70 0 . .19 0.54 1.40 o.so 0.92 0.67 0 • .3~ 0 • .55 

Color Plate I I I I I I I I I I I I 

Slren9fh Rafio 7d. = /.268 28d. = /.222 7d=l.l!l7 28d = /.l!1G 

% Sha/61 Mix.•0.36 Min.•0.12 Av.• 0.2() I Tesf ~ 0.2P 

S~elf'ic t!ir.7vify 2.64 2.62 

% Al,sorpf/on 0.6G o.8S 
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Figure 1. Air temperature data. 

TRAFFIC 

The amount of traffic on this project has increased considerably since 1940. There 
has also been an increase in the number of the heavy truck and trailer units. Table 5 
shows the 24-hour average annual daily traffic for various years from 1936 through 
1952. 

CLIMATOLOGICAL DATA 

The monthly maximum, minimum and mean temperatures from August, 1940 through 
July, 1944 are shown in Figure 1. Figure 2 shows the monthly precipitation for the 
same period. These data may be considered typical for the project area for the years 
subsequent to 1944. 

DAILY CHANGES IN JOINT OPENINGS 

The daily variations in joint openings were determined at 18 expansion joints and 52 
contraction joints. The measurements were made at 3-hour intervals throughout a 24-
hour period during each season from October, 1940 through July, 1942. Thereafter, 
readings were made in winter and summer until July of 1944. Only the data obtained 
on July 24, 1944 are presented in detail; because, on this date, the daily range in tem­
perature was greater than at any previous period when these measurements were made. 
The joints were selected so as to provide data on panel lengths of 15, 20, 25, 30 and 
60 feet. Expansion joint intervals varied from 120 feet to one mile. 

Figures 3 through 7 show the movement of the joints on typical sections with 120-
foot expansion joint .intervals where the panel lengths were 25, 30 and 60 feet. Un­
fortunately no provision was made to obtain measurements on 120-foot sections con­
taining 15 and 20-foot panels. These figures show the extremely large movements that 
were associated with the 60-foot reinforced panels as compared with those of the 25 
and 30-foot panels. The movements at the expansion joints in the 60-foot design were 
about twice the movement of the intermediate contraction joint and about four times 
the movement of the expansion joints associated with the 25 and 30-foot panels. All of 
the 60-foot panels showed restraint or closing of the contraction joint at a point equiva­
lent to about one-half the daily rise in temperature, after which the entire 120 feet 
continued to expand as a unit, thus accounting for the large movements at the expansion 
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TABLE 2 

CEMENr PROPERTIES & TESTS 

TESTS ON COMPOSITE SAMPLE 

NORMAL 
INITIAL FINAL 7 OAY 28 OAY SPEC. SPEC. 

AllTlJCLAVE 
PHYSICAL SET SET TENSILE TENSILE GRAVITY Sl/RF.' AREA 

r1:srs 
23.6 2:40 s:10 377 428 3./31 1573 aos"/o 

MOl?TAR 7 14 28 180 
Cl/BE Using_ (Jraded Olfawa Sand. OAY OAY OAY OAY 
resrs TA.S.T.M. -c /09 - 34 T.) 

17/8 2258 3068 350G 

Fl.I: XI.IRAL TESTS 

7 14 28 90 180 
Using a local commerc/a/ sand DAY DAY .OAY .OAY DAY 

SPECIAL rrom Shie/y Sf. Peul Pif. 
MORTAR Mix = I : 2. 6.55 by Abs. Vol. 900 1188 1259 /242 1261 

TESTS 
Flow r 2()() t /)5. 
Moisr eir cure. 

COMPRESSION TESTS 

7 14 28 90 180 
OAY OAY DAY LJAY DAY 

4418 .5.345 7.385 7743 833/ 

ANALYSIS BY WT. - % 

lg. Cao Mg() Fl!'_,O_, .412 08 so., 5102 Fr~e TOTAL Loss eao 
CHEMICAL 0.9:J 6~4 I.BS 2.94 S.91 /.47 21.35 0.93 99.78 
ANALYSIS 

CALCULATED CHEMICAL COMPOSITION - % BY WT. 

CaS C3S C3 A C4 AF C11SO-,. 
Free Free Fr~t1 /9. 
CaO M90 Mn,o., Loss 

25.0 48.0 1aa 8.9 2.5 0.93 !.85 - 0.9.3 

ROI.IT/NE TESTS ON CARS SHIPPEO TO PROJECT 

NO.OF 
I 7 28 

AV.OF PERIOD VSED A66S. 
DAY OAY 

INITIAL FINAL 
ALL TESTS CAHS l/SEO TENSILE TENSILE 

SET .SET 
ON 

INDIVIDUAL 
CARS 3/ 8/6/40 - a/20/40 Pif N9! 363.4 44/, :Z .3:1g 6:/2 

44 B/20/40 - 9/20/40 .P!r IV~ 2 .352.0 440.6 .3 :27 6:17 
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Figure 2. Precipitation data. 
joints. This illustrates the difficulty which may be expected in keeping such joints 
sealed. 
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Figures 8 and 9 show the movement of joints between 15 and 30-foot panels on sec­
tions having expansion intervals of 420 feet. The movements associated with the 15-
foot panels were considerably less than where 30-foot panels were used. The move­
ment of the 30-foot joints were but slightly 
smaller than those of similarly spaced 
joints on 120-foot sections. 

Figures 10 and 11 show the movement 
of joints spaced at 15 and 30 foot intervals 
on sections having approximately 800feet 
between expansion joints. It is interesting 
to note that, in these cases, the move­
ments of the contraction joints were of 
about the same magnitude for both the 15 
and 30 foot spacing, particularly in the 
central portions of the sections. It is also 
of interest to note that the movement of 
the expansion joints on these sections was 
about 0. 02 inch as compared to the much 
larger movements associated with the 
shorter expansion joint intervals. 

Figure 12 shows the daily movement of 
joints over Division 9, which was about 
one mile in length and contained no ex­
pansion joints except at each end. The 
panel lengths were variable, rangingfrom 
15 to 30 feet. There was little difference 
between the contraction joint movements 
on this division and those near the center 
of the 800-foot sections; also the expan­
sion joint movements were similar. This 
figure provides a direct comparison of the 
movements associated with 30 and 15-
foot panels under identical conditions of in joint openings. 
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Figure 4, Daily changes in joint openings. Figure 5. Daily changes in joint openings. 

restraint. Even under these conditions, the joints spaced at 15 feet showed a daily 
range in movement of 0. 027 inch while the joints spaced at 30 feet showed about 0.04 inch. 

These figures indicate more or less restraint through the central portions of the 
longer expansion-interval sections as indicated by the flat tops of the curves over the 
period of highest daily temperature. There was little difference in this respect be­
tween the 800-foot and one mile sections. Wherever an expansion joint was installed 
there was a tendency for the contraction joints in the immediate vicinity to develop 
relatively large openings. This was true from the viewpoint of seasonal and perma­
nent movements as well as the daily movements. In general, the daily changes in the 
contraction joint openings decreased as the expansion- joint interval increased and the 
contraction-joint interval decreased. Short panels and wide spacing or omission of 
expansion joints, ther efore , would appear to be beneficial in r educing leakage of sur ­
face water through the joints and also in providing a maximum degree of load transfer 
across the joints. 

ANNUAL AND PERMANENT CHANGES IN JOINT OPENINGS 

The annual and permanent changes in joint openings were determined from measure­
ments of 408 contraction joints and 30 expansion joints. These 438 joints were all that 
could be considered of the 714 joints originally provided for these measurements be­
cause of the desire to eliminate the influence of cracked panels. On this basis it was 
possible to obtain data on all contraction and expansion joint intervals except the 125-
foot expansion - 25-foot contraction sections. Measurements were made at the follow­
ing times: 

1940 - October (Initial measurements two weeks after completion of project) 1941 -
February, May, July and November; 1942 - February, May, July and August; 1943 -
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Figure 6. changes in joint openings. 

as indicated by the vertical scale. On the 
right side of the figures is shown the clos­
ure in inches of the expansion joints from 
the initial opening in October, 1940. 

The principal points of interest in Fig­
ures 13 through 25 are: (1) The general 
tendency for the contraction joint next to 
the expansion joint to open up consider­
ably more than other contraction joints in 
the section, although the general trend 
indicates an increase in opening as the 
joint location approaches the expansion 
joint end of the half-section. (2) The er­
ratic behavior of individual contraction 
joints during any given season or year or 
from year to year. (3) The proportionately 
large closure of the expansion joints dur­
ing the first expansive cycle and the small 
movement of the expansion joints after 
eight years where the expansion interval 
was 400 feet or more in length. 

Figure 26 shows the annual and per­
manent changes in joint openings for sec­
tions having 6.0-foot reinforced panels with 
alternating expansion and contraction 
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February and August; 1944 - January and 
July; 1945 - August; 1948 - February and 
August. 

The measured changes in the joint open­
ings are shown graphically in Figures 13 
through 35. These figures, in most cases, 
show a composite plotting of the average 
values of two or more similar sections. 

Figures 13 through 25 permit direct 
comparison of joint movements both seas­
onal and from year to year and show how 
the position of a contraction joint in a sec­
tion influences its movement. On the left 
hand side of these figures is a horizontal 
decimal scale running from zero to 1. 0. 
This represents one-half the expansion 
joint interval regardless of the actual length 
in each case. The zero end of the scale 
is the expansion joint end and the value 
1. 0 corresponds to the mid-point of the 
interval. The winter and summer read­
ings are shown in individual blocks for 
each year. The departure in the opening 
of the contraction joints is plotted in inches 

joints. A progressive closing of the Figure 7. Daily changes in joint openings. 
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Figure 8. Daily changes in joint openinga. Figure 9, Daily changes in joint openinga. 

Figure 10. Daily changes in j oint openings. Figure 11. Daily chanees 1n joint openines, 
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expansion joints and opening of the con­
traction joints was also indicated by these 
data. The magnitude of the expansion 
joint movements has shown no tendency 
to become less during the eight year period. 

Due to variations in the temperature of 
the concrete at the time the joint measure­
ments were read, the above figures do not 
clearly show the progressive permanent 
change in joint openings. A better com­
parison of the permanent change is shown 
in Figures 27 through 35. Here the de­
partures from the October, 1940 openings 
are plotted against average concrete tem­
peratures. Starting with the joint opening 
in October, 1940 as a base, the departures 
in joint openings from that date are plotted 
for periods of decreasing and increasing 
temperatures up to and including the sum­
mer of 1948. By projecting an ordinate 
from the October, 1940 point, the accumu­
lated change in joint opening can be esti­
mated at a common temperature. 

Figures 27 through 30, showing the 
permanent changes in joint openings for 
120-foot expansion intervals with panel 
lengths of 15, 20, 30 and 60 feet, indicate 
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Figure 12. Daily changes 1n joint openings. 

that, in 1940, the accumulated opening of the contraction joints per interval very nearly 
equalled the accumulated closure of the expansion joints. 

TABLE 3 

C'()Ne"HETE STRENGTH TESTS 

.- AGGREGATES FROM PIT Na I AGGREGATES FROM PIT NQ 2 
-t 
~ 7 DAY TESTS 14 DAY TESTS 7 DAY TESTS 14 DAY TESTS 

·"' STA. - STA. ~ NP Av. STD. COEF. N~ AV. STD. COE!'. NV AV. $TD. COEI'. N~ AV. STD. COEF. 

-~ TEST'S UNIT DIii. 01" TESTS I/NIT D.E¥. o, 
11!$7'$ UNlr DEV. OF TESTS UNIT DEV. OF 

1 
STII. (* ) ~fl· 5Tll. <•l ~~· $7)11, 

"°' vt!R. ST,._ 
(It} V~R. 

222168 - 376164.4 29 568 5~8 9.64% 5() 6!14 59.!J 9.35% - - - - - - - -
~ 201 ,00 - 222168 

~ - - - - - - - - 57 558 49.8 8.93:,& 55 649 573 8.111 1' 
$76 +64,4 - 634 +64 

>i 

~ (, ... ; Ct!n~r poinl- loadln9 on /8# !lpan. 6"1t6"1130,,, lkam Spacimens. { COY'1n#.,d w1~h '1:'irmt11#hlt1 p~11r .J'?r:31 24 hrs. 
· fhlln fh'J11Utrs11o' :n w,hlr U1ilt. /q~!H, 

AGE OF CDNE HEIGHTS 
... ... ~ CORIS <•• .. ( A.:.Jual !M1"qhl4 shown htllow lire H1w, .,,...,..o~s ol' no. shown.J CtJMPNESS//IE STIIEN61N 

~;§ <> ... CENTEN CONES SIDE CONES 
(correchd for 'f11.) 

STA. - STA. ;$ll:: "'!ll "'~ ;i~ 
~~ h ~:j {~ NO N£/6HT(lns. 

$7(). COEI'. N9 
NEIGNr(/111.) 

STD. COEF. NP AV. STD. C/JEF. 

~ ~ .. :ti Ct,li'ES DEV. 01" co.en OEV. 
()I" 

CIJIIES l/Nlr DEV. 01" ..... r-. Act "'' ~f 11,.ar. Act 
'-' ~~f, ST/I ~, ~~!l· .. 

~ 222+68 264+30.3 Pi t 

' 
9-6·9 #fl 122 15" g 6.00' 6.19 " a .1.1" 5.93% 9 6.0J' 6.28" 0.29" 462'!6 I!! 6263 489 7.8/ '$ 

29!!+38.S 376-f>64.4 

~ Pil' 264-.3a3 293+38.5 7• 
NP! 119 150 4 7.00" 6.#' 0. /1 ' /.G/ '11, 4 7.tXr 6.83' a23• .u1:i 6 63/9 !169 5.84'$ 

t, 207+00 222+6.9 
~ Pl/ 
~ 37&-6"4.4 563+63. 9-6·9 NP2 / 03 ISO 'Z'2 6.00" 6.06' a,~· 2.1/'S 17 6 .0$" 6.17' a1a" 2.9r-J' 29 SOSO 765 1521% 

1 $92,,.12.6 6341/U .... 
P/r S6!J+63 592.,.72.6 T' 
N'2 

93 15 1 ., 7.0()" 6.95' (),27' 3.88% 4 7.(}{)• 7. 16 ' (}.f.J" 1.821' 7 4945 456 6.n% 

(•) &om.,ovl«I /n • ~ qrol1nq, wllh molhOII 1!>Dwn H1 141!1!1 A.$. T.'~f. Mpr,vNI on ~ , -,,1,lion ol' Dal-•. . 
(* • •) .A/N, d,,.)14/19, tn, 6'hl~ w»:r• ~lond ;i, U /Jol'»/ory ~Jf' v,r/1/ I# al)d prior A, M'!lfh19, 7iul-d W6l' 11f"kr 14 cl1y1 tn w8'tV:' 



. . 
98 

~ 
'-

~ c:: 
~-~ ~t 
~ " 
~ 

<' ..... 
-~ 
"ti 
~ 
~ 

~ 
II) 

~ 
~ 
~ 

~ -~ IC 
-~ 
'"" II) 

~ 

I 
~ 
~ 
~ 

~ 
-~ 
i 
~ 
i 
~ 
!..: 
~ 
...... 
-~ 
\i 

i 

TABLE 4 

MISCII.I.ANIOI/$ CONCRETE PROPERTIES It TESTS 

0°-40° F. 40• - ao•F. 8() 0 - 12o•F. 

6.82 r 10-' per degree 6.15 x 10-li ~r o'e9ree 5.45 1< /tr6 per a'e9ree 

(fl) See Bvreau ol' Sl1"'1erds T,chnic1/ Pe~r N9 247 l'or melhotl. 
Therm,/ C{>e/'~icienf 7i11l.1 m ,o', ,r'l,r concrr1lt1 w- 148 d#;,:s old. 

II) 
Na OF 5()VI/CE TEST AV. "E" l)'ALI./ES 

~ srA. OF AGE 
~!h. CORES A66RE6ATE (Day$) Or£! Wef 

~~ 
...., ~ I 25/i-OO Pif N!' I 150 4,554,200 4,197,600 
'I ~~ 

' ~ !I) I 400 -r OO Pit N!' 2 ISO 4,116,700 3, 705,100 .~ ~ci:: 
(l~ 
ti 

~ I 605-100 Pil N'!' 2 /50 3,819,000 3,633,600 

5 - Pif N'? I 90 - 4,501,155 '-9 . t~ 
~{ t:: 5 - Pif N~ I 180 - 5,080,917 
..... . t:: Q 
~~ ...... 8 - Pif N~ 2 90 - 4,764,553 G'~ \j 

8 - Pif N!' 2 180 - 4, 988,476 

FL EXURAL TESTS on 6"" 6 ",r36" Beoms. 

500/?CE 
28 90 180 

2 YR. DAYS DAYS DAYS I YR. 
STA. -SrA. OF 

AGG. 
NO. AV. 

No. AV. NO. AV. Nl7. AV. NO. AV. 
VNIT ST/l f/NITST/l f/NITSTli'. VNITST/l. VNITST/l 

222.,68 - 376-f/;4,4 l'if Ne.I II 63! II 6!19 /0 732 5 809 5 841 

Z07~0P - 222-168 
PilNa.2 19 S99 19 667 19 733 9 74$ 8 743 

!76./-64,4- 634 "'64 

COMPRESSION TESTS ON MOtJIF!EtJ Ct/BES 
( (hung ssclions of" J>rq/:{,n &,gms) 

AGG. AV. AV. AV. AV. AV. S7"A. - STA. SOVRCE Nl7. VNITST/l. NO. f/NITST~ NQ. VNITSTR. Nl7. VNITST/r. .Nd. f/N!TSTN. 

222+68 - 376+U.4 PifNa.l II 4243 II 5142 II :4738 JO SS64 /(} 42/9 

207.,(J() -222--168 
PifNa.2 19 4829 20 5252 20 S/66 22 5341 17 58!15 

976r64.4-634-,.64 
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TABLE 5 

24-HOUR AVERAGE ANNUAL DAILY TRAFFIC 

Vehicle Type 1936- 1941 1944 1946 1948 1950 1952 aAv. Max. 
1937 Axle Load 

Passenger Cars 280 484 429 515 1081 1215 1623 
Single Unit Trucks 

2-axled 39 73 123 124 142 246 214 7626 
3-axled 3 11 37 2 2 5 10 10702 

Tractor-semitrailers 15819 
3-axled 2 10 29 25 55 41 
4-axled 1 8 18 45 55 
5-axled 1 2 7 4 

Trucks with Trailers 2 4 8828 
Busses 2 2 2 3 4 5 7 

Total Vehicles 324 572 602 682 1274 1580 1958 

a Average maximum axle load of loaded vehicles by type based on loadometer data 
collected at 14 rural trunk highway locations. This data approximates that which 
existed on the experimental project. 

Figures 31 and 32 show the average permanent change in contraction joint openings 
for 15-foot and 30-foot panels located near the center of Division 9 (1 mile without ex­
pansion joints). By 1948 the permanent opening of the contraction joints was less than 
O. 02 inch for the 15-foot panels and about 0. 05 inch for the 30-foot panels. 

Figures 33, 34 and 35 show the average permanent change in expansion joint open­
ings for intervals of 420 feet, 800 feet and one mile. In 1948 the closure was nearly 
equal for all sections, being 0. 87 inch, 0. 89 inch, and 0. 85 inch respectively. Since 
the time interval between concrete placement and the initial readings varied from two 
to eight weeks, there could be considerable closure of the expansion joints in the long 
expansion joint intervals before the first readings were taken. Since there was very 
little difference between winter and summer readings as taken in 1948, we can con­
sider the expansion joints at the ends of Divis ion 9 as completely closed. In compari­
son, the average closure of expansion joints at 120-foot intervals (not including the 
section of 60-foot reinforced panels) was 0. 57 inch. Thus, after eight years, the ex­
pansion joints spaced 400 feet or more apart have permanently closed 85 to 90 percent 
of their original one inch width, 

Figure 36 shows the rate of this permanent closure since construction, in relation 
to the 1948 summer closure, for the various expansion intervals. The rates of closure 
for the sections having one mile and 800-foot spacing of expansion joints were very 
nearly the same, being very rapid in the first two years after construction. The ex­
pansion joints on the 420 foot sections closed almost as fast as those on the longer sec­
tions and, after eight years, had closed an equal amount. The expansion joints at 120-
foot intervals closed at a much slower rate and can be expected to continue closing as 
dirt infiltrates the contraction joints. 

Figure 37 shows the progressive closure of expansion joints and cumulative opening 
of contraction joints for typical 400 foot expansion intervals and various panel lengths. 

A Bt1t'l1n1~ry nf ~ VP.l·~ e:P. f'.nntt"~fl_tinn jnint npPninp;~ in thP. wint.fH' ~nd s11n1n1P. r of 1948 

is shown in F igure 38 for all combinations of expansion and contraction joint spacings. 
This shows the advantage of both short panels and wide spacing or omission of expan­
s ion joints . The smaller s ummer openings of contraction joints are associated with 
the longer expansion intervals and the smaller winter openings are associated with the 
sh rler lanel lengths. ThL~ansion interval of 420 feet, 795 feet and one mile with _ 
15- foot panels show the least winter opening and minor summer opening of the contrac ­
tion joints. This indicates that the rate of infiltration of foreign material into these 
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Figure 26. Annual and permanent changes in joint openings. 

joints has been negligible and that possible future infiltration is less likely than on 
other sections. 

SEASONAL MOlSTURE CHANGE AND SHRINKAGE 

113 

A considerable number of gypsum blocks were installed during construction for use 
in determining changes in the moisture content of the concrete and subgrade soil. These 
blocks and the method of moisture determination in which they are used were developed 
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pansion interval of 120 feet - 15 foot panels. 
Ex-

by Dr. G. J. Bouyoucos and are described in Teehnical Builetin No. "t 72 of the Michigan 
State College, April, 1939. 

The data obtained by the moisture blocks was nol enti.r I salisfa.c!Ql:y ener 
bu s ow :fiic'rease in mois ture was indicated in the subgrade soils, although a detailed 
analysis of the data was not made. The blocks installed in the concrete were unsatis-
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factory, because they did not give consistent or well defined readings on the wheatstone 
bridge. 

Although it was not possible to determine seasonal moisture changes by the Bouyoucos 
method, the effect of these changes were secured from a series of measured changes in 
length of a section of pavement on which measurements were taken at the time of initial 
hardening and at various times thereafter. The measured section was located between 
expansion joints at Sta. 524+95. 5 and Sta. 526+15. 4 and consisted of a series of 15-foot 

Figure 28. Annua l and permanent changes in joint openings. Ex­
pansion interval of 120 feet - 20 foot panels. 
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panels. The total length, center to center of expansion joints, as built was 119. 9 feet. 
Extensometer points were set across every joint in this section, including the expansion 
joints at both ends. This section was one of a series of sections of approximately the 
same length; i.e., 120 feet, so that it has not been affected by unbalanced forces from 
adjacent sections of dissimilar length. 

Table 6 shows the detailed data relative to these measurements and the computa­
tions of the values in each column are explained by footnotes. The initial readings, on 
September 11, 1940, were taken as soon after the placement of the concrete as hard­
ening would permit. This was after the brooming of the surface and before the curing 
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pansion intervals of 120 feet - 30 



DATE 

•. (-1) . • 
9/11iLo 

~o/ 7 /40 

2/ioA 1 

7f2uA.1 

2/ 3A,? 

1/3oAo 
2/1~143 

8/ sA,3 

1/18/44 

7;23,A.4 
8/ 1145 

2/ 4/48 
6/1, 146 

TABLE 6 

DATA FOR COMPUTING EFl"ECT OF SHRINKAGE & SEASONl\.l, MOISTURE VARIATION 

SECTION: STA. 524+99. 5 to STA. 526+15. 4 
Exp. Jt .. Interval= 119. 9' = 1438. 8" 

Cont. Jt. interval= 15' 

CID.'llLAnVE COMT, JT, ' ""NINGS l>ENINGS EXP, JT, 0 
GAGE LEN'GTH (F OVEPALL CRAJIGE I ~ SEASONAL TEMP, 

LENGTHS MEASURED COPPECTED SECTION CHANGE CUl'1JLATIVE SEASOPAL CUMULATIVE SEASONAL CONG, 

- COlJCOETE LENGTH OF LENGTH IN CHA~GE CHANGE EXP, SPACE CHANGE (11) 
INCHES - SECTION from9/lll40 LENGTH from - from (10) 

INCHES - - - 9/11140 INCHES 9/11140 
(3) INGHE"S INCHES I:KCHES (7) (8) (9) 

II,\ /<;\ ii.\ 

A B C D E F G H I J 

80.0110 1358.7890 1437,8000 . 0000 .0000 .0000 1.0000 54.0(:) 

80.0810 1358, 7190 1437. 7259 -.0741 -.0741 +.0586 +.0586 1.0155 +.0155 61.5 

80.0l,os n<,8.s,75 l.1.37. s550 -.21.so -.1709 +.2020 +, 1434 l,o430 +,0275 36.2 

79• A}L.O 1358, 9660 1437,9873 +, 1873 •• 4323 •• 1269 -.0751 , l,8!,8 -.3572 106.B 

00.3135 1358,4865 1437,4799 -.3201 •• 5074 +,5666 +,4397 .7535 +.0677 32.0 

79.9645 1358,0155 1437. 8280 +,0280 +.34e1 •• 3177 -,2489 . 6543 -.0992 88.0 

80.2615 1358.5385 1437.5349 -.26;;1 -.2931 +.6159 +.2982 .6492 · •• 0051 42,2 

80,2300< 1359, 5700 1437,5683 -.2317 +.0334 +,6273 +.0114 . 6o44 .,D44A 73• A 

00.3535 1358.4465 1437.4376 -,3624 -. 1307 •• 7326 •• 1053 ,6298 +.0254 40.1 

80, ll'.;,O W,8,6850 1437.6,00 -.1100 •• 2524 +•5783 -.1543 .5317 •• 0981 83.2 

80 , 1575 1358,6425 1437,6450 •• 1550 -.0450 +. 7086 +.1303 ,4464 -.0853 87.0 

80.6480 1378.1:,20 1437.126o ., 6740 •• 519, +l. 3549 +. t463 . 3191 •• 1273 20.0 

eo.149, 1358, 6510 1437,6540 -, 146o •• 5200 +.6961 •• 4586 ,2499 •• 0692 92.5 
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Cf.ANGE 
IN 

TEMP, 
(12) 

K 

+ 7.5 

-25.3 

+70.6 

-74.B 

+56.0 

--45 ,8 

+31.6 

.33 .7 

+43.1 

+ 3. 8 

-61.0 

+72,5 

(1) Placement Date, (2) Hardening Temp. of Concrete, (3) B•l43B,8-A, (4) C•(l438,8-l.O) x _ _ e_. 1437.e x e . 1.o5Bl481B 
(!;I) D. • differences between values 1n Column C and initial length. (6) E, • Alf?ebreic 1358. 709 1358-789 
differences between sucoe eaive vel1Jeie in Colu1TU1 D, (7) Summation of ell contraction Joint Openings, as measured end corrected 
~!' :p1:1,nel length, g_ege lenj!:th ratio, (8) Differsncee between successive valuee in Column F, (9) s6me es note (7), (10) Same es 
note (8), (11) Mee.sured everer,e temperature of pavement slab, {12) Differences betw,Jen 111uooessive veluee in Column J. 

blankets were applied, which was about two hours and 30 minutes after the concrete 
was placed on the grade. The next measurement was made about one month later and 
then measurements were taken in the summer and winter of each year up to and in­
cluding 1944. Thereafter only three sets of measurements were made, in the summer 
of 1945 and winter and summer of 1948. Seasonal changes in the length of this section 
are shown in Column E and the corresponding changes in average concrete temperature 
are shown in Column K. The data in these two columns are transferred to Table 7 for 
use in further computations. 

The thermal coefficients shown in Table 7, Column E, are corrected values taken 
from the curve; the corrections being made for the center of each season's range in 
temperature . 

With the initial readings and hardening temperature as a base, the theoretical de­
partures in length for the seasonal changes in temperature are shown in Table 7, col­
umn F. Corresponding actual measured changes in length are shown in Column G. The 
differences between these values, Column H, indicate the seasonal variations due to 
moisture and shrinkage. These data are shown graphically in Figure 39. The lower 
graph in this figure shows the departures in concrete temperature from the initial 
hardening temperature of 54° F. at various times when measurements were made up 
to a total age of 2,899 days, which was August 19, 1948 . The upper graph shows, for 
the same ages, the departures from the initially measured length of both the theoretical 
thermal change and the actual measured change. It will be observed that the first 
measurement after placement (age 26 days) shows a decrease in length of -. 0741 inch, 
while the difference in concrete temperature increased 7. 5°F. above the hardening 
temperature which is equal to a theoretical thermal increase in length of +O. 0666 inch. 
The total of these two departures (O. 1407 inch) represents largely the effect of initial 
or early shrinkage. 

Beginning with February 10, 1941 and continuing to July 23, 1944, the differences 
in length for each period, as shown in Column H, represent principally the effect of 
seasonal moisture changes on the length of the section. The average of these values 
is + 0. 1575 inch which, on the basis of an original length of 1437. 8 inches, represents 
a seasonal moisture coefficient of± 0. 00011 which operates in opposite direction to 
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seasonal temperature changes. It may be noted that the value in Column H for the 
period from February to August, 1943 is considerably less than for the other periods . 
Reference to Figure 2 provides a probable reason for this low value since it shows 
that the spring of 1943 was unusually dry in comparison with the other years. The 
data between July, 1944 and August, 1948 were obtained at intermittant periods and 
do not show true seasonal changes. For this reason, the use of this data is limited 
in regard to the following calculations. 

figure 3. Annua l an d permanent c anges in Joint openings. x­
pansion interval of 120 feet - 60 foot reinforced panels . 

l 
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Figure 31. Annual and permanent changes in joint openings. Con­
traction joint interval of 15 feet near center of division 9. 

119 

The sum of the algebraic totals of Columns F and G represent the total difference 
between the theoretical thermal change and the actual change in length as measured, 
both accumulated from the initial values. As such, on July 23, 1944 the value of 
0. 3620 inch represents the total shortening of the section length due to initial and sub­
sequent shrinkage plus the seasonal change in length due to moisture changes. Sub­
tracting the average change in length of 0. 1575 inch due to seasonal moisture varia­
tions from this total value of 0. 3620 inch leaves 0. 2045 inch which represents the 
,iccumulated shrinkage to July 23, 1944. 



... 
120 

These factors, representing changes in length due to moisture variation and shrink­
age, may be expressed in terms of equivalent thermal changes as follows: 

For Seasonal Mois~ure Variation: o. 1575 
Equivalent thermal change = 1437. 8 x . 00000612 17. 9°F . 

For Accumulated Shrinkage: o. 2045 
0 Equivalent thermal change= 1437. 8 x . 00000612 = 23. 2 F, 

Total = 41. 1 °F. 
Thus, on July 23, 1944, approximately four years after construction, there existed 

on this section a permanent and seasonal compensatory change in length equivalent to 
that which would be required for a temperature rise of 4l. 1 °F . above hardening tern-

Figure 32. Annual and permanent changes in j oint op enings. Con ­
traction joint i nterval of 30 f ee t near center of division 9. 

Ill 
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TABl,E 7 

EFFECT OF SEASONAL CONCRETE MOISTURE CHANGES 
& SHRINKAGE ON PAVEMENT LENGTH 

7.0 
...._ 

I: .............. 

------~ 
Ql 

6.5 ,-..... ~ ~ 
H 0 
~ s ....__ 

~ ~ 
C) 

H ..::'° 6.o ;,..... 
u Cl! I ,......__ 

8 I>: E ~~ r-----~ ~ Pil °i H 5.5 r--.. .., g; g r......__ COi: 

D)-6 i---~ 
::s C) 5.0 {7.1 67'5-C .017 2r; T ~ '1'")1: e• 

~ ~ ~ 
r;l ~ 4.5 
~ ~ 

0 10 20 30 40 50 6o 70 80 90 100 110 
Concrete Temperature - To 

DATA USED IN COMPUTATIONS 

CHANGE THEOR. LENGTH CHANGE IN 12() FT. 
PERICO HT CONC, tte• AGE 

- TE!(F, ADJUSTED THE<J!. ACTUAL 
DAYS - FOR TEMP, THERMAL 1/EASURED DIFF. 

FRQJ.( TO •r (1) CHANGE CHANGE 
(2) 

(A) (B) (c) (D) (E) (F) (G) (H) 

9/11;40 10/ 7/40 26 + 7.5 +6.13-o +.0666 -.0741 -.l407 

10/ 7/40 2/10/41 172 -25.3 -6.33-b -,2303 -. 1709 +.0554 
2/10/41 7 /29/41 321 +70.6 +5.95-6 +.6oJ,o +.J,,;23 -.1717 
7/29/41 2/ 3/42 510 -74°8 -5,:,8-o -.(431 -.5074 +,1357 

2/ 3/42 7/30/42. 687 +76.0 +6.14-6 +-4~ +.3481 -,1463 
7/30/42 2/19/43 891 -45.8 -6.06-b -.3Y91 -.2931 +.106o 

2/19/43 8/ 5/43 1058 +31.6 +6.18 -6 +.2808 +.033h -.2h7L 
8/ 5/43 1/18/44 1224 -33,7 -6.19-0 -.299Q -.1307 +.1692 
1/18/44 7/23/44 1411 +43,1 +6.11-b +,3786 +.2'12.L -.1262 

Totals t 7~3M 1411 +29,2 +6.12-0 
+,2520 -.1100 :!:,1575 

7/23/44 8/ 1/45 1785 + 3 .8 +5.71-6 .• 0312 -.0450 -,0138 

A/ 1/45 2/ 4/4.8 2702 -67,0 -6.2_2 -6 -.6o21 -.'51CJO +.OR'l, 1 

2/ 4/48 8/19/48 2899 +72.r:i +6.20-b +oc:463 +.5200 -,1183 

lfotals t< a/19/48 2899 +38-5 :l:6.11-6 +.3271, -.l.h6o !, 1_318 

(1) From adjustment curve above, based on Laboratory determinations of ~e". 
(2) Corrected for panel length, gage length ratio; from Column E, Table VI 

perature, or 54°+41.1° = 95.1°F. 
Similar computations for the data accumulated up to August 19, 1948 could be de­

veloped (with reservations due to the lack of complete seasonal measurements) using 
the average "e" and average seasonal moisture fluctuation data determined up to July 
23, 1944. On this basis the total compensatory change in length would be equivalent 
to that which would be required for a temperature rise of 53. 8°F. above hardening 
temperature or 107. 8°F. 
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TABLE 8 

CONTRACTION JOINT DEFORMATIONS 

AVERAGE VERTICAL DEFORMATIONS OF EACH TYPE FROM SUMMER TO WINTER 

(Inches in excess of 0. 05'? 
996 Joints Measured in 1944 
502 Joints Measured in 1948 

NO >'ETAL SEAL STD. '·1ETAL SEAL ~P. l.'1;:TAL SEAL ~·o. l ~P. l,IETAL SEAL 110. 2 SP, >.'ETAL SEAL 

ADJACENT y ASPH, LATEX> R.A. ASPH. LATEX- P.A. ASP1!. LATEX R,A. ASIB. LATEX R,A, ASP!l, LATEX 
PANEL E TOP -OIL TOP TOP - OIL r oP TOP - OIL TOP TOP - OIL TOP TOP -OIL 
!EKGTR A SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL SEAL 
FT. R 

1\44 ,085 .075 . , 05 8 . 075 . . .o,o - . 066 • .050 .053 .150 
15 

l\48 ,062 .075 . ,250 - - • . - .067 . • ,062 • 
1\44 .067 ,070 . o;,o ,082 . 075 .o,o .080 ,100 . .075 • .o,o . 075 , 08 8 

20 
l\48 .050 . - . 033 - - .100 . • . • - . 014 • 
l ~ .147 ,114 .050 . 150 . 250 • - . 100 . ,078 ,100 , 100 . 125 .079 

25 
1\48 .070 .100 . - • - - - - .150 , 100 - , 121 .175 

l \1..4 . 171 . 150 .050 ,l\4 , 120 - .325 . 175 - .11'-0 , ?.25 - , 1;4 , 100 
30 

,_ --
19.;S .159 .075 . ,126 . - . 150 . 125 - . 150 . - . 155 . 1B3 

l\l,J+ - ,400 . 275 , 325 , 375 . 300 - - - . - - - -
6o 

1$48 - - .450 ,283 .375 .250 - - - - - - - -
• Leu than 0.05 11 

NO. 3 

R.A. 
TOP 
SEAL 

• . 
,05() 

• 
.125 

.075 

~ 
, 200 

-
-

These increases in expansion space due to shrinkage and the comiJensatory effect 
of seasonal moisture changes are both in addition to the original expansion space built 
into the pavement. Neglecting any reduction in this space due to foreign material in­
filtrating the joint openings, this would theoretically mean that the original expansion 
joints ·~ould not be required to function as such at temperatures below 95. 1°F .. after 
4 years or below 107. 8°F. after 8 years of service. 

That infiltrated material may become a serious matter, where the pavement de­
sign places no restraint on the expansion and contraction of individual panels, is ap-

Figure 33. Annual and permanent changes in joint openi11gs. Ex­
pansion j oint interval of 420 feet. 
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Figure 34. Annual and permanent changes in joint openings. Ex-
pansion joint interval of 800 feet. 

parent from inspection of Figure 40. This figure shows the progressive change in 
opening of both the expansion and contraction joints on this particular section (Sta. 
524+95. 5 to Sta. 526+15. 4) with reference to the initial condition. As built, all of 
the expansion space (one inch) was concentrated in the expansion joint since there 
were no openings at the dummy type contraction joints. The change in distribution 

Figure 35. Annual and permanent changes in joint openings. Ex­
pansion joints at ends of division 9. 
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of this space and the migration of the panels toward the expansion joints are clearly 
shown. On July 23, 1944 the space in the expansion joint was reduced from one inch 
to 0. 5317 inch and by August 18, 1948 to 0. 2499 inch. Meanwhile the contraction 
joints had accumulated a total opening of 0. 5783 inch by ,July, 1944 and 0. 8961 inch by 
August, 1948. It is interesting to note that the sum of the openings on these dates was 
1. 1100 inch in July, 1944 and 1. 1460 inch in August, 1948; 0. 1100 inch and 0. 1460 
inch greater than the expansion space originally built into this section. 

Figure 36, Rat.e of P"rman.,nt. cl osnre of Pxp,rnsi on j ni nts for van -
ous expansion intervals. 

,l 
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Figure 37. Progr es sive c l o sure o f expansi on joints and cumulative 
opening of contraction joints. 

125 
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Since ther e are 7 contraction joints in this section, the average opening in August, 
1948 was 0. 1280 inch and in February of 1948 the average opening was O. 1936 inch. 
T his illustrates t he undesirable res ult of incorporating excessive expansion space in 
the pavement. Such openings facilitate the entrance of foreign material into the joints 
and also remove all possibility of load transfer across the joint by interlock of the 
slab edges. Furthermore, in the case of a thickened edge design without load transfer, 

TABLE 9 

1950 CRACK & ROUGHOMETER SURVEY 

Cracking & Rou~hness Index as Related to Panel Len~th 
Percent Percent N0. Average 

Total Total of Total of Total Average Trans - No, of Rough -
No. No. Panels Panels Spacing verse Trans. ness 

Total Panels Panels Cracked Cracked of Cracks Openings Index 
No. Cracked Cracked Trans- Longi- Trans. Per Per In. 

Panel Length Pttuols Trans. Long. \ 1Qt·Sely tudinally Opcnl'ng Mile Mlle Mile 
15' 1239 15 30 1. 2 2.4 14. 8 4 357 106. 7 
20' 928 31 70 3. 3 7. 5 19. 4 9 272 104. 2 
25' 604 80 43 13. 2 7.1 22. 1 28 239 104. 0 
30' 624 138 81 22. 1 12. 98 24. 6 39 215 105. 3 

30' Reinforced 56 36 3 64. 3a 5. 4 18. 3 113 289 91. 5 
30' Rein!. W /15' Cracker Strip 121 0 6 o. 0 5.0 15. 0 352 103.5 
60' Reinforced 96 17 5 l'7. 7 5. 2 51. 0 16 104 95. 2 

Possibly due lo subgrade condition. 
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a free edge is created in the pavement where the section is the weakest. 

LONGITUDINAL COMPRESSIVE STRESSES 

During construction special extensometer points were installed at various selected 
locations throughout the project for use in taking measurements which, it was thought, 
would be of value in determining a close approximation of longitudinal stresses due to 
temperature changes. In general, these special points were set in the middle of a pan­
el which was located at, or very close to, the mid-point between expansion joints. At 
each installation a series of seven points were set in a row longitudinally with the pave­
ment and with a spacing between points of approximately ten inches. Thus a series of 
points covered a pavement length of approximately 60 inches. A special extensometer, 

CONT. JOINT 
0 0 IC) 0 It') in 0 0 0 0 IC) 0 IC) 0 IC) in 

INTERVAL ..., C\I C\I C\I C\I C\I .., ..., C\I ..., C\I IO 

EXP. JOINT 0 
0 

0 0 0 It') 0 0 0 0 0 IO 0 ID ID ID 0 0 0 0 
C\I 0 0 C\I C\I N OI N C\I C\I 0 C\I N 0 N 

INTERVAL IC) CD CD IC) IO II') ~ • .,. CD 'It .,. 

+.30 
(!) 11 FEBRUARY 1948 
z --z AUGUST 1948 
w +.25 
Q.. 
0 

I-z 
+.20 0 

J 

~ 

~ 
+.15 

L&J 

5 
~ t.10 

~ 
0:: +.05 w 
~ 

Oct.1940=0 

AVERAGE 
.,. IC) II') U) ..... It) OI CID a, 1~ CD 0 C\I CD • CD 

c;~ 0 0 0 C\I N '!? 
.,. IO r- 0 0 N 0 

0 0 0 - C 0 - ·- •o• - 0 ~.! 
CHANGE ::) O'l 'J - - " -ct _ d d 0 d 0 0 d d 0 d 0 d 0 d c:i 0 

IN JOINT 
en Iii en II') 

.,. 
0 CX) in Cl) IO "' OPENINGS ·a:, ..., en en 0 C\I CD CD OI IC) ..... ..... ..., -~' It) en 0 m~ 0 q 0 0 0 - C\I 

..., 
( Inches) ~~ _O 0 ..2 Q_ 0 _ o ci 0 0 0 0 0 0 0 - --~ 

Figure 38. Average increase in contraction joint openings. 
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TABLE 10 

1950 CRACK SURVEY 
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Longitudinal Cracking as Related to Panel Length and Pavement Section 
Total, Ft. Ft. of Crack 

Total Longitu- Per Ft. of Crack 
No. dinal Panel Per Mile 

Panel Length Section Panels Cracks (Average) (Average) 

Feet Inches 
15 9-6-9 1047 258 . 246 173 
15 7 192 30 . 156 110 
20 9-6 -9 788 782 . 992 524 
20 7 144 23 .160 84 
25 9-6-9 484 413 . 853 360 
25 7 120 14 .117 49 
30 9-6-9 528 979 1. 854 653 
30 7 96 0 0 0 

30 (Reinforced) 9-6-9 56 103 1. 839 647 
30 (Reinf. 15 
Crackerstrip) 9-6-9 121 37 .308 108 
60 ( Reinforced) 9-6-9 96 46 . 479 84 

TABLE 11 

1950 CRACK SURVEY 

Cracking as Related to Pavement Section for Various Panel Lengths 

Feet 
No. of No. of Ft. of Longitu-

Total Trans. Trans. Longitu- dinal 
Panel No. Cracked Cracks dinal Cracks 
Length Section Panels Panels Per Mile Cracks Per Mile 

Feet Inches 
15 7 192 5 9.2 30 110. 0 
15 9 -6-9 192 0 0 68 322.7 
20 7 144 3 5.5 23 84.3 
20 9-6-9 144 1 1. 8 34 124.7 
25 7 120 1 1. 8 14 49.3 
25 9-6-9 120 17 29.9 18 63.4 
30 7 96 22 40. 3 0 0 
30 9 -6-9 96 23 42. 1 149 546.3 

Total & Av. 7 67 60.8 
Total & Av. 9-6-9 289 262.2 

Note: Data from Divisions 2, 3, 15 & 16 for 7 inch uniform depth and Divisions 
5 , 6 , 12 & 13 for 9-6-9 pavement section. Only variable in this comparison 
is pavement cross section. 120 and 125 foot Expansion Joint Intervals. 

reading to 0. 0001 of an inch, was used in making measurements and the operation of 
this instrument was controlled at all times by reference to a standard "lnvar" bar. 
Figure 41 shows some of the instrumentation details relating to the arrangement of 
these points and thermocouple installations for temperature control. 

Figures 42, 43 and 44 show data secured by these measurements and stress com­
putations for the summers of 1944, 1945 and 1948 at four points on this project. 

The linear relationship, No. 1 in the figures, shows the unit change in length of the 
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concrete over a range of slab temperatures from 72°F. to 105°F. The installation from 
which these data later were obtained was located as close to an expansion joint as it 
was possible to place the seven points; that is, the length measured was the 60 inches 
immediately adjacent to the expansion joint. This joint was one of a long series which 
were spaced at 120-foot intervals . This location was used as a point of reference in 
the stress determinations and was selected because restraint against free expansion 

9. /\nnuaJ clianges 1n concrete tempera u 1·e and leifg'tn of 
120 ft. of pavement between e xpansion j o i nts. 

. ) 
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TABLE 12 

1950 CRACK SURVEY 

Cracking as Related to Panel I,ength in Restrained Concrete 

Effect of panel 1engths in long sections of restrained concrete pavement (Exp. Jt. In­
tervals of 400 Ft. to 1 Mile) with respect to longitudinal and transverse cracking. 

9-6-9 Section 

Panel Total No. No. of Trans. No. of Trans. Ft. of Feet Long. 
Length Panels Cracked Panels Cracks per Mile Long. Cracks Cracks Per Mile 

15 855 10 4.1 170 140 
20 644 27 11. 0 748 613 
25 364 62 36.0 395 458 
30 432 93 37.9 830 676 

Average 472 

was at a minimum. The thermal coefficients of the concrete, as obtained by the field 
measurements on the various dates, were 1944, e == . 0000053; 1945, e == • 00000499 
and 1948, e == • 00000457. The laboratory determination was . 00000545 for this con­
crete in the corresponding temperature range shortly after construction. There ap­
pears to be a gradual reduction in the thermal coefficient as indicated by the field 
measurements. 

The curves numbered 2 show the unit change in length at the midpoint of Division 9 
which has a length of 5, 280 feet and contains no expansion joints. At the lower end of 
the temperature range, these curves tend to parallel the straight-line curve No. 1; 
but, at the higher temperatures they curve to the right and become horizontal indicat­
ing full restraint with no further expansion though the temperature continues to rise. 

Curves No. 3 and 4 show the unit change in length at the quarter points of Division 
9 which are approximately }'4 mile from the expansion joints. Both of these curves 
show restraint characteristics similar to Curve No. 2, indicating that full restraint is 
built up within something less than Y4 mile from the expansion joints. 

In 1944 the temperature at which restraint occurred was not as well defined as in 
the subsequent years, there being a transition from free expansion to full restraint 
through temperatures of 75±°F. to 95±°F. In 1945 the transition from free expansion 
to full restraint occurred in a much narrower range of temperatures, 78 °F. to 82°F. 
Again in 1948 the temperature range was small, 77. 5°F. to 82. 5°F. and oddly Curves 
No. 2 and No. 3 plotted as a single curve. Generally the data indicates that the slab 
at the r ... points reached full restra.int at a slightly lower temperature than at the mid­
points. 

TABLE '.3 

1950 CRACK SURVEY 

Effectiveness of Dowe ls in Preventing Faulting 

Dowe led Joints 

7'' Ser.lion 
Exp. Jt. Contract ion Totol Fltd. % Fltd. 
Jnlervnl Jt. Interval Jts . Jts . Jts . 

Feet Feet 
120 15 

20 
25 
30 
30 Reinf. 
60 Reinf. 

400 + 15 
20 
25 
30 
30 Reinf. 
60 Reinf. 

50 
32 
32 
26 

0 
0 

0 
2 6. 3 

0 
2 7. 7 

9-6-9 Sec tion 
Total Fltd. °A, Flld . 
Jts . Jls. Jts. 

50 2. 0 
38 0 
32 0 
25 0 

0 
46 2. 2 

0 
97 2 2. 1 

0 
64 3 4. 7 
90 2 2. 2 

5 2 40. 0 

15 Faulted Doweled Jts . out of 587 Jts. or 2. 6°,{,. 

Fltd. - ahbrev,ation for Faulted. 

Joints Not Doweled 

7" Section 9-6-9 Section 
Tomi Fltd. 0,f, F'lld . Total F'ltd. 6

,(, l'ltd. 
Jts. Jts . Jts. Jts. J ls. Jts. 

50 16 32. 0 50 3 6. 0 
38 5 13 . 2 38 3 7.9 
32 8 25. 0 32 8 25. 0 
26 8 30. 8 26 8 30. 8 
0 0 
0 0 

436 28 6.4 
234 19 8. 1 
190 42 22.1 
162 32 19. 8 

0 
0 

180 Faulted Jts. out of a total of I, 314 Jts. or 
13.7°,(,. 
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-!--l--,f-----1- 1- - 1- - 1-

Figure 40. Progressive Closure of expansion joints and cumulative 
opening of contraction joints. 

These curves may be used to compute the approximate compressive stress that ex­
isted at these locations on the days when measurements were made. It should be kept 
in mind that the computed stresses apply only to these points and to the dates given. 
They should not be construed as applying generally to other locations and dates. 

The highest average slab temperature found on this project up to the summer of 
1944 was 112°F. A close approximation of the longitudinal stress caused by this tem­
perature can be determined from the curves as follows: 

(1) Select son1e te111peraturc value bclovw" the point of tangency of curves 2, 3 and 1, 
say 70°F. and read the unit change in length (X) for all curves. Similarily read the 
unit change in length (Y) at 112°F. The numerical sum of the X and Y readings is the 
total unit change in length from 70°F. to 112°F. 

(2) For Curve No. 1, X + Y represents the unit change in length associated withfree 
expansion, indicated as K; therefore, when the X + Y values for Curves 2, 3 and 4 are 

TABLE 14 

1950 CRACK SURVEY 

Effect of Panel Length a ,,d Ex:)ansion Interval on Faulting of 9-6-9 Sections without dowels in Division 5 th r u 13 . 

EXPANSTON tNTERVAt, 
120 to 12G fl. 400 Lu 420 fl. '19!3 to 810 rt. 5260 ft. 

t .m,<• lh Nn. Fnutted PfH' - Nn. F. ull d p ,. No. F.,ullnd p 1"- No. r,· ullotl Per -
of Pnncl .Pnncta Joints cont Panolo, J o lnUI ccnL Pnnots Joints ccnl P:'lnels Joints cent 
15 96 3 3.1 221 8 3. 0 208 7 3. 4 170 I o.o 
20 17. 3 4. 2 l60 7 •I. 4 luO 6 J. 8 132 G 4. 
25 ao 8 l3 . 3 128 26 20 . 3 128 13 IQ, 2 101 3 2.0 
30 48 8 16. 7 112 15 13. 4 108 7 0. 5 88 10 11. 4 
'l'olJI I &. Ay. 2'io ?.2 -6.0 624 56 To 6(M 33 5.5 5Q_O io To 

704 pan~'.s :1 f 15 foot length are shown in this tabulat ion with 19 fault e d joi nts or 2. 7°/o . 
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Pollom Q/'J./Ji/L 
Figure 41 . Instrumentation details . 

subtracted from K, the difference represents the amount of restrained expansion, K1. 
(3) The unit stress may then be computed from the stress-deformation relationship 

if the modulus of elasticity is known. According to laboratory tests on this concrete, 
the average E for ten determinations was 4, 300, 000; therefore, unit stress = 
4, 300, 000 X K1 X 10- 5

• 
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Figure 42. Unit stress determinations. 
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Figure 43. Unit stress determinations. 
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Figure 44. Unit stress determinations. 
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Figure 45. Effect of panel length on rou ghness. 

The computed unit stress values on the various dates were as follows: 

Center Div. 9 East }'4 Point West }'4 Point 

August 24, 1944 
August 2 and 3, 1945 
August 17 and 18, 1948 

679 
662 
602 

679 
692 
602 

671 
722 
654 

Since these computations were based on measurements made directly on the pave­
ment during a 24-hour period and at two different points on the project, one of which 
permitted free expansion and the other being under restraint, it is felt that they pro­
vide a close approximation of the actual stresses which would exist in the pavement at 
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TABLE 15 

1950 CRACK SURVEY 

Relation of Spalled Joints with Expansion and Contraction Joint Interval 

120 Ft. Exp. Int. 400 + Ft. Exp. Int. 
Cont. Jt. 9-6-9 Total Per- 7" Total Per- 9-6-9 Total Per-
Int. Ft. Section Number cent Section Number cent Section Number cent 

15 0 100 0 6 100 6 17 436 3.9 
.20 5 76 6.5 2 70 2.9 7 331 2.1 
25 2 64 3. 1 4 64 6.2 8 190 4.2 
30 1 51 1. 9 7 52 11.1 8 226 3.5 
30R 0 0 0 0 0 0 11 90 12.2 
60'R 3 46 6.5 0 0 0 5 0 - -

Total & Av. 11 337 3.3 19 286 6.6 51 1278 4.0 

these times at a temperature of U2°F, The effect of moisture content of the concrete 
was a minimum since ther e had been no pr ecipitation dur ing the 24-hour per iods of 
measurement nor had precipitation occurred for a considerable time prior to these 
periods. 

These determinations indicate that no serious compressive stresses have developed 
in this pavement up to 8 years after construction. The indicated stresses are about 
only }'7 the ultimate compressive stress of this concrete. 

JOINT DESIGNS AND MATERIALS 

Expansion Joints 

The expansion joints on this project were all one inch in width and intervals be­
tween joints ranged from 120 feet to one mile. Variables in design consisted of the 
use of copper seals in some joints, while in others this seal was omitted; three dif­
ferent filler or core materials, cane and wood fiber premolded materials and ground 
cork and asphalt poured type; four different top sealing materials consisting of as­
phalt-diatomaceous earth mixture, a latex-oil mixture, a manufactured rubber ma­
terial (Rubber Associates) and premolded rubber strips manufactured by the Goodrich 
Rubber Company. In addition to the above variables, some joints did not include 
dowels or other ioad transfer devices. The various combinations resulted in a total 
of 30 different joint designs. 

In 1944, four years after construction, a total of 102 expansion joints were checked 
for vertical deformation by string measurements; of these , 62 contained copper seals 
and 40 did not, The string measurements were read to the closest 0. 05 inch and 
joints which showed deformations of 0. 05 inch or less between summer and winter 
were considered as not having changed. These data indicated little, if any, reduction 
in deformation from the use of copper seals when considering only those joints with 
deformations greater than 0, 05 inch. However, considering all the joints measured, 
those that contained copper seals showed 41. 7 percent of their number having deform­
ations greater than 0. 05 inch while those having no copper seals showed 62. 5 percent 
having deformations in excess of 0. 05 inch. In the case of joints located between 60-
foot reinforced panels, some of the joints which contained copper seals showed de­
formations as great as, or greater than, those without such seals. 

This may be an indication that, in general and where panel lengths are not exces­
sively long, copper seals may for a time be somewhat beneficial in reducing the mag­
nitude of seasonal deformations during the early life of the pavement. However, there 
was no positive indication that their use prevented the development of these deforma­
tions, especially in view of the progressive closure and reduced seasonal movement 
of the expansion joints . 

Based ,on data obtained up to 1911 on the effectiveness of top-sealin~ materials, it 
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was concluded that there was little differ­
ence between asphalt-diatomaceous earth, 
latex-oil and premolded rubber strips. 
All of these indicated several times as 
much joint deformation as the Rubber As­
sociates material. Examination of the 
expansion joints in 1950 showed that the 
closure of the joints had resulted in the 
general extrusion of the filler and top­
sealing materials to the extent that it was 
impossible to determine their effective­
ness. 

Contraction Joints 
Dummy type contraction joints were 

used exclusively on this project. How­
ever, a total of 18 different designs were 
used; the variations in design being due 
to the use of various types of metal seals, 
the use of asphaltic, latex-oil and rubber 
top seals and the use of dowels in some 
cases and their omission in others. 

String measurements were made on 
996 contraction joints in the summer and 
winter of 1944 and on 502 joints in 1948. 
The average joint deformations for vari­
ous design features are shown in Table 8. 
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Figure 46. Relationship of transverse 
cracking to panel length. 

It is interesting to note that the larger deformations are associated with the longer 
lanel lengths. These data are further summarized to show the effect of the principal 
variables as follows: 

Copper Seals . A point by point analysis covering all panel lengths and using the 
joints having no metal seals as a basis indicated the following: 

1944 1948 Percent Percent 
Deformations reduced 17 cases = 39 13 cases = 43 
No reduction 27 cases = 61 17 cases = 57 

44 cases = 100 30 cases = 100 
Latex-Oil Seal. An analysis similar to that used for metal seals, except that the 

asphaltic material is used as a basis, indicated: 

Deformations reduced 
No reduction 

1944 1948 Percent Percent 
9 cases = 45 9 cases = 56 

11 cases = 55 7 cases = 44 
20 cases = 100 16 cases = 100 

Rubber Associates Materia l. Compared to the standard asphaltic material, this 
material showed the following performance: 

1944 Percent 1948 Percent 
Deformations reduced 13 cases = 81 8 cases= 89 
No reduction 3 cases = 19 1 case = 11 

16 cases = 100 9 cases = 100 
The above analysis indicates a superiority of the Rubber Associates material over 

the other top-sealing materials . However, in 1950, a survey of 31 contraction joints 
sealed with Rubber Associates material showed that only 7 were not open and rated as 
being in fair to good condition. The remaining 24 joints were open from Yis to Y4 inch 
and generally in poor condition. These joints were located in the various divisions of 
the project and associated with various panel lengths. However, the maintenance of 
these joints was omitted, except where positively necessary, throughout this 10-year 
';)eriod. 
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PRESENT CONDITION OF THE PAVEMENT 

General 

The general condition of this pavement was fairly good in 1950, ten years after con­
struction. It has shown a moderate increase in rouglmess and an increased rate of 
transverse and longitudinal cracking with age. Spalling of the concrete at joints has 
not been extensive; although a considerable number of cracks have spalled, probably 
due to a lack of maintenance. There has been one blow-up and one partial failure due 
to compressive stresses. Faulting of joints and cracks has been moderate both as to 
number and magnitude. Dowels have been effective in reducing faulting at joints. The 
7-inch uniform pavement section appears to be slightly superior to the 9-6-9 section, 
but neither was entirely adequate as indicated by longitudinal cracking and corner 
breaks. 

Changes in Smoothness 

Vertical deformations in the pavement surface, due to the development of differen­
tials in elevation at the transverse joints with reference to the elevation of the mid­
point of the adjacent panels , first developed on this project during February of 1943. 
At that time the high joints were confined to the 2,000 feet at the extreme s outhwest end 
of the project and the magnitude of the deformations was very slight. The following 
winter, in January of 1944, high joints wer e of gr eater magnitude and were noticeable 
over most of the project. In the winter of 1948 measurements indicate d that the joint 
deformations were much the same as in 1944. The data for these two years are shown 
in Figure 45 along with the accumulated rouglmess in inches per mile for the various 
panel lengths. The increase in average joint deformation and accumulated roughness 
per mile for increasing panel lengths is quite evident from this figure. 

The above vertical deformations we r e obtained by string measurements. A strong 
silk fishing line was stretched across the joints with the ends supported at the mid 
points of the adjacent panels and three inches above the pavement surface. The line 
was maintained under a constant tension of ten pounds and measurements to the near­
est O. 05 inch were made from the pavement surface at the joint upwards to the line. 
The readings were corrected for sag and gradient curvature as required. In 1944 
measurements were made on 1,100 joints; whereas, in 1948 only 534 joints were 
measured. 

Precise level points were installed during construction for subsequent use in deter­
mining changes in smoothness. Unfortunately these points were damaged the following 
winter by ice-removal operations. However , repeated checks have been made with 
the roughness recorder, which is a duplicate of the machine described in Volume 20 
of the Proceedings of the 20th Annual Meeting of the Highway Research Board. (3) The 
averae;e roue;hness w1h1P.s nht::iinP.ci with this maehinP. wP.rP. as follows: -

Date Inches per Mile 
Nov. 1941 85 
Feb. 1942 84 
July 1944 96 
Nov. 1949 100 
Nov. 1950 100. 5 

These values, while expressed in inches per mile, should not be construed as be­
ing absolute values in those terms ; they merely represent the accumulation , in inches , 
of the spring deflections of the machine as influenced by the pavement roughness. The 
values are s ignificant only in making comparisons of the r elative roughnes s of different 
pavements or of the same pavement at different times . 

It is apparent that only a moderate increase in roughness has occurred during the 
ten year period. The right - hand column of Table 9 indicates how this roughness was 
associated with various panel lengths in 1950. 

In comparison with data secured wi th this recorder on a considerable m ileage of 
other pavements, varying in roughness from good to bad, this pavement would rate as 
better than average. 
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Transverse Cracking: 

Transverse cracking has progressed with time. The first year there was very 
little. By 1944 there were 110 such cracks of which 47 were accounted for by evi­
dence of subgrade subsidence or frost action leaving 63 or 57 percent attributed to 
temperature. None of these were in reinforced panels. The 1950 crack survey dis­
closed 317 panels cracked transversely due to temperature changes. For these years, 
the relationship of transverse ·cracking to panel length is shown in Figure 46 and Table 
9. It is apparent that the short panels have quite effectively controlled cracking, there 
being only 1. 2 percent of the 15-foot panels cracked whereas the 30-foot panels were 
22. 1 percent cracked in 1950. 

Additional analysis of transverse cracking in 1950 is shown in Table 11 and 12. 
These data indicate that, for 15 and 20-foot panels, transverse cracking was less on 

Design 
9-6-9 
9-6-9 

7" 

Expansion 
Jotnt 
Interval 

120 Ft. 
400 Ft. &over 
120 Ft. 

Internal Corners 
Constr. Exp. 
Joint J oint 

1 
1 2 

TABLE 16 

ta50 CRACK SURVEY 

Corner Cracks 

External Corners Per-
Contr. Const. Exp. Contr. Total Total cent 
Joint ,Jolnl Joint Joint Crack~ Pnnels Cr~ekcd 

2 0 2 3 8 640 I. 25 
22 21 46 2,474 I. 0 

2 5 8 552 l. 5 

the 9-6-9 pavement section than on the 7-inch uniform section, with the reverse being 
true for the 25 and 30-foot panels. On long sections of restrained concrete the relation­
ship of transverse cracking to panel length was in the same order as the overall aver­
age; however, the pe:r;centage of cracked panels was greater for all panel lengths, in­
dicating that the concrete pavement in restraint cracked transversely to a greater de­
gree than that not in restraint. 

Over the entire project, 7 percent of the transverse cracks due to all causes had 
faulted in 1950. 

Longitudinal Cracking 

In 1944 a total of 405 linear feet of longitudinal cracking had occurred. All of this, 
except one 30-foot crack, was confined to Division 1 on the southwest end of the project, 
and was approximately at the right % point. In 1949 the cracking in Division 1 had in­
creased to 732 feet and the total for the project was 1,759 feet. By 1950 the total for 
the project was 2,685 feet, an increase of 52 percent in that year, indicating the rapid 
progression of longitudinal cracking during the tenth year. 

Longitudinal cracking in relation to panel lengths is shown in Table 9 for the entire 
project. For non-reinforced panels, the percent of panels cracked longitudinally was 
least for 15-foot panels (2. 4 percent), about equal for the 20 and 25-foot panels (7 per­
cent) and greatest for 30-foot panels (13 percent). The 30 and 60-foot reinforced 
panels showed about an equal percentage of panels cracked (5 percent) which was more 
than twice the amount for the 15-foot non-reinforced panels. 

A better comparison is shown in Table 10 where the length of longitudinal cracking 
is shown for the various panel lengths. On this basis, considering only the 9-6-9 
sections, the 15-foot panels show the least cracking, 173 feet per mile, the 25-foot 
panels 360 feet per mile, the 20-foot panels 524 feet per mile and the 30 foot panels 
the most at 653 feet per mile. This is the same order as indicated in Table 9. The 
reinforced panels, however, show a wider variation than previously indicated, the 
30-foot panels averaging 647 feet per mile as compared to 84 feet per mile for the 
60-foot panels and the 30 foot panels with 15-foot cracker strip having 108 feet per 
mile; whereas, in Table 9 the percent of cracked panels was nearly the same for all 
reinforced panels. 

The amount of longitudinal cracking associated with the 7-inch uniform pavement 
section was considerably less than that on the 9-6-9 section for all panel lengths; but 
the difference was not as significantly large for the 15-foot panels as for the other 
panel lengths. 
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Table 11 shows the relationship of longitudinal cracking to pavement section for 
various panel lengths and expansion intervals of 120 and 125 feet. These data again 
indicate the advantages of the 7-inch uniform section over the 9-6-9 section in re­
ducing longitudinal cracking. The cracking according to panel lengths based on these 
data is not similar to that previously shown above for the entire project since only 120 
and 125-foot expansion intervals were included in Table 11. 

The effects of restrained concrete on longitudinal cracking are indicated in Table 
12 for various panel lengths with a 9- 6-9 section. The relationship of longitudinal 
cracking to panel lengths was in the same order as shown in Table 10 for the entire 
project. The amount of cracking in the restrained concrete was also generally quite 
comparable, being slightly less for 15 foot panels, somewhat greater for 20 and 25 
foot panels and slightly greater for the 30-foot panels. Averaging the feet of longitudi­
nal cracks per mile for these panel lengths, the restrained concrete shows a value of 
472 against 428 for the project. Thus it is indicated that restraint in the pavement 
did not significantly increase longitudinal cracking. 

Faulted Joints 

In July of 1944 there were five joints which showed faulting of 1
/ 4 inch or less. By 

1950 there was a total of 195 joints which had faulted. Table 13 shows the distribution 
of this faulting on the basis of doweled and undoweled joints. It is apparent from these 
data that dowels were effective in reducing faulting on all sections except the 60-foot 
reinforced panels. There is no direct comparison available for the 60-foot panel length, 
but 40 percent of the joints were faulted even though dowels were present. It is also 
indicated that more faulting was associated with the 7-inch uniform pavement section 
than with the 9-6-9 section. 

Table 14 shows the effect of panel length and expansion interval on faulting of 9-6-9 
sections. Two things are of special interest in this table; first, the tendency of fault­
ing to increase as panel lengths are increased; and second, the tendency of faulting to 
decrease as expansion intervals are increased. 

Spalled Joints 

The number of spalled joints has continued to increase with time. In 1944 only four 
spalled joints were noted, but this had increased to 50 in 1949 and to 81 in 1950. In 
addition there were a relatively large number of transverse cracks which were spall­
ing. The progression of spalling has been more rapid. on this project than on others 
since normal maintenance of joints was omitted or kept at a minimum due to the ex­
perimentai nature of the project. 

Table 15 shows the relation of spalled joints with expansion and contraction joint 
intervals. These data do not indicate any definite relationships; however, it appears 
that there was somewhat more spalling associated with the 7- inch uniform paving sec ­
tion than with the 9-6-9 section. 

Corner Cracks 

Only three corner cracks were noted in 1944 and all were breaks at the ex­
terior edge of the 9-6-9 section One of the cracks was at an expansion joint 
and the other two at undoweled contraction joints. For the 9-6-9 section, a total 
of 1.'7 internal and 12 external corner breaks developed by 1949. This increased 
to 28 internal and 26 external corner breaks by 1950. For the 7-inch uniform sec­
tion, there was 1 internal and 2 external failures in 1949 and by 1950 this had 
increased to 2 internal and 6 external corner cracks. These data are shown in 
Table 16 in relation to expansion joint intervals. The over-all percentages fo r 
comparable sections of 9-6-9 and 7-inch uniform pavement indicate very little dif­
fe r ence in the percent of total panels cracked; however, the distribution of the 
corner breaks was more nearly equal between internal and external corners for 
the 9-6-9 section. The 7-inch uniform section showed three times as many ex­
ternal corner breaks as internal. 
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Blow-Ups 

The only blow-up on this project occurred in 1950, ten years after construction. 
This blow-up was in a 1, 740-foot expansion interval and occurred at an untied, keyed, 
construction header joint located 510 feet from the expansion joint. This joint had 
shown evidence of eventual failure since 1944 when a slight raising of the joint was 
first noted. 

A contraction joint, located 630 feet from the above blow-up, in a 1, 245-foot ex­
pansion interval has shown partial failure due to compression since about three feet 
of the concrete on one side of this joint has been disrupted in the nature typical with 
blow-ups. 

INDICATIONS AND CONCLUSIONS 

The following general conclusions seem to be indicated by the data obtained during 
the first ten years of the life of this pavement. 

1. Expansion joints are not necessary in rural pavements, except at fixed objects. 
They may be considered detrimental, if placed at close intervals because they permit 
excessive slab movement over a long period of time. The elimination of expansion 
joints will not cause excessive longitudinal stresses because of the compensatory ef­
fect of initial and subsequent shrinkage of the concrete. 

2. Contraction joints should be placed at intervals of 15 feet in order to obtain the 
best over-all performance of the pavement slab from the standpoint of joint movement, 
cracking, warping, faulting and roughness. 

3. The 7-inch uniform paving section appears to be superior to the 9-6-9 section 
but neither is entirely adequate. The 9-6-9 section was not thick enough through the 
center to cope with the subgrade and load stresses as indicated by longitudinal crack­
ing. The 7-inch uniform section did not have adequate strength at the outer corners 
as compared to the inner corners as evidenced by the additional external corner breaks. 
It appears that a tapered 7-inch section, such as a 9-7-9, is indicated as being desira­
ble. 

4. Mesh reinforcement will not prevent cracking in slabs 30 feet or more in length. 
5. Dowels are effective in reducing faulting at joints. Aggregate interlock may also 

be effective when expansion joints are eliminated and short panels, on the order of 15 
feet in length, are used. 

6. Metal seals, copper being used on this project, are not significantly effective in 
preventing vertical joint deformations. 

7. The joint sealing material of the type manufactured by the Rubber Associates 
Company in 1940 proved to be more effective than the asphalt or latex-oil materials. 
However, this project has indicated that extended postponement of joint maintanance 
is detrimental to the pavement and even the better material did not adequately seal 
the joints after 10 years. 

8. Expansion joint fillers, where used, should be non-extrusive in service and 
should prevent the leakage of water downward to the subgrade soil. 

9. Concrete pavements tend to become gradually rougher with age. It is believed 
that this is due to the effects of loading, climate and subgrade rather than to pavement 
design features. Of these, the subgrade, the foundation of the pavement, offers the 
greatest opportunity for improving the stability, performance and service life of the 
entire road structure. 
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Report on Experimental Project in Missouri 
F. V, REAGEL, Engineer of Materials, 
Missouri State Highway Commission 

eTHE Missouri Investigational Project was constructed in the summer of 1941 on US 
169 in the northwestern part of the state. It is on one of two main routes carrying 
traffic from Kansas City and St. Joseph, Missouri to Des Moines, Iowa. A descrip­
tion of this project was published in the 1941 Proceedings of the Highway Research 
Board and a report of subsequent measurements and observations was included in the 
Highway Research Board's Research Report No. 3B, issued in 1945. The pavement 
is now 10 years old and the information collected and analyzed since 1945 is presented 
in this 10 year progress report. 

TRAFFIC 

The traffic carried by this project during its life has been rather light in compari­
son with that using most main highways. Until wartime restrictions were removed in 
1945, traffic was very light. Thereafter there was a sharp increase as shown in the 
following tabulation: 

Year 

1941 
1942 
1943 
1946 
1947 
1948 
1950 

Total Cars 
and Trucks 

761 
605 
544 
943 

1052 
1052 
1330 

combinations, 2. 5 percent; busses, 

No traffic classification has ever been 
made within the limits of this investiga­
tional project, however, a classification 
that could be considered representative 
was made on this same route in 1950 at a 
location about six miles south of the proj ­
ect. The distribution by vehicle types at 
thi s point was found tu be as follows: 

Passenger cars, 68. 6 percent; panel 
and pickup trucks, 8. 9 percent; single 
unit trucks (6 tires) 19. 1 percent; trailer 

0. 9 percent. 

JOINT MOVEMENTS 

As was stated in the previous progress report, inconsistencies in joint movements, 
probably caused by variations in curling of the slabs, subgrade friction, moisture 
cuntenl, infiltration of inert materials into the joint space s·anct other factors which 
could not be measured and evaluated, existed even on supposedly similar sections. 
The data in this report ar e treated as in the first progress report, without correction 
for these unmeasured variations. Measurem ents at joints, having adjacent cracked 
slabs, were eliminated from calculations for average joint movements. 

Cross-joint measurements were made to determine daily and seasonable changes 
on August 15 and November 15, 1945, and on February 9 and May 16, 1946. Residual 
movement measurements were made during August in 1945, 1946, 1947, and 1951. 

Daily Joint Measurements 

The average daily joint movements are shown in Table 1. The measurements were 
taken at the minimum and maximum slab temperatures. 

Contraction Joints. In the series of joint measurements made from August 15, 1945, 
through May 16, 195 6, it was found that the average daily movement at contraction 
joints spaced at 25 feet was approximately the same regardless of the spacing of the 
expansion joints. In sections with expansion joints spaced at 125 feet, and inter­
mediate contraction joints spaced at 25 feet, the daily movement at the contraction 
joints with dowels was approximately 40 percent less than the movement at the joints 
without dowels. This is probably an indication that the dowels are not functioning 
properly and are restraining free movement of the slabs. Restraint could be caused 
by rust bonding or poor alignment of the dowels. 
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TABLE 1 

DAILY CHANGES IN JOINT OPENINGS a 

P.R.A. Slab Expan. Jt. Load Transfer Rein- P a v. Av. Change inb Av. Temp. 
Section Length Spacing Con. Expa n. force- X- Sec . Joint Opening Change 
Number (Ft . ) (Ft.) J t s. Jts. ment (In. ) ·Contr. Expan. "F . 

1 25 No expan.Jts . None None 9-7-9 24 18 
2 & 2R 25 800 None Translode None 9-7-9 21 15 16 
3 &3R 25 400 None Trans lode None 9-7-9 18 17 17 
5 & 5R 25 125 Dowels Trans lode None 9-7-9 15 52 17 
6 & 6R 60 120 Dowels Trans lode 70-lb. 9-7-9 20 69 18 

mesh 
6M & 6MR 60 120 Dowels Translode 43-lb. 9-7-9 13 71 18 

mesh 
7 & 7R 25 125 None None None 7-unif. 24 28 17 
7M & 7MR 25 125 Dowels Translode None 10-8-10 C 13 60 18 
8M & 8MR 60 No expan. Dowels 43-lb. 9-7 - 33 19 

Jts. mesh 
10M 25 125 None None None 8- unif. 23 24 18 
llM 25 125 None None None 9-unif. 24 24 18 

a In t ho11sand ths of an inch. 
b Average of measurements made on 8-15 and 11-15, 1945, and 2- 9 and 5-16, 1946. 
C Actually 9. 8- 7. 8-9. 8 

The average daily movement at contraction joints was essentially the same for 25 
and 60 foot slabs where load transfer devices were used in all joints and expansion 
joints were spaced at 120 and 125 feet. This is contrary to expectations as it would 
seem that the movement at contraction joints spaced at 25 feet should have been less 
than at those spaced at 60 feet where expansion joints are approximately the same 
distance apart. 

In those sections with 60 foot slab lengths, the daily movement at the doweled con­
traction joints in sections having no expansion joints was twice as great as at the 
doweled contraction joints in sections containing alternate expansion joints. Thus it 
appears, in this case, that the dowels are not restraining slab movement but that 
possibly restraint is offered by the "Translode" device at the expansion joints. 

The average daily movement at contraction joints in the three sections having uni­
form pavement thicknesses of 7, 8, and 9 inches was practically the same. It should 
be particularly noted that in 25 foot slabs with expansion joints every 125 feet without 
load transfer devices in either the contraction or expansion joints, the daily move­
ment of the contraction joints is nearly identical with that of the expansion joints. At 
this age the slabs have shifted into positions of equilibrium where movement at both 
expansion and contraction joints is unrestrained. 

Expansion Joints. The average daily movements at expansion joints varied with 
lengths of the slabs, the spacing of the expansion joints and whether or not dowels were 
used in the intermediate contraction joints. For 25 foot slabs having undowelled con­
traction joints, the daily movement at expansion joints spaced at 125 feet was about 
50 percent greater than at the expansion joints which were spaced at 400 and 800 feet. 
There was practically no difference between the average daily movement of the expan­
sion joints which were spaced at 400 and at 800 feet. 

In sections with expansion joints at 125 feet and contraction joints at 25 feet, the 
average daily movement at the expansion joints with load transfer and with intermediate 
doweled contraction joints was over twice the movement at the expansion joints where 
no load transfer devices were used in either expansion or contraction joints. This is 
another indication that the dowels are probably restraining movement of the slabs since 
any restraining force at the contraction joints should cause a greater movement at the 
expansion joints. 

The daily movement at the expansion joints which were spaced at 120 feet with one 
intermediate doweled contraction joint was approximately 25 percent greater than at 
those spaced at 125 feet with intermediate doweled contraction joints at 25 foot spacing. 

There was practically no difference in the daily movement at expansion joints in the 
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P. R.A. 
Section 
Number 

2 & 2R 
3 & JR 
5 & 5R 
6 & 6R 

25 
25 
25 
60 

No. E.~p. None 
jls. 

600 None 
400 None 
125 Dowe ls 
L20 Dowe ls 

Trans1ode None 
Trans lodc None 
TransEodc Nont' 
Trans lode 70-lb. 

mesh 

9-7-9 
9-79 
9-7-9 
9-7-9 

Ttllatt: J 

RESIDUAL CHANGES JN JOINT OPENINGS a 

"' ,19 
,23 
,63 

,lO 
,15 
,39 
d05 

·" .. ~ 
16 -2 -307 
d2 16 -202b 
+34 +3B -203 
+95 199 -101 

6~1 & 6MR 60 120 Dowe ls 'T'rans1ode 43-lb 9-7-9 -166 +65 +H B +107 +174 +I BO +166 35 
mesh 

-333 -337 -326 -324 -320 
NoRead -276 -354 -355 -354 
-229 -275 -246 -26l -264 
-157 -172 -L7B -200 -225 

145 

.,~ .,, 
-303 
-351 " 
-259 
-241 

- 12 1 -103 -137 -H17 -207 -260 

7 & 7R 25 125 None None Nrn1c 7-Uni r. +39 156 +54 +86 +71 172 +78 -206 -293 -316 -2!JJ -310 -315 -318 
7M & 7MR 25 125 l)owe ls Trans(octe None 10-8-IOd +40 +41 +42 +49 +45 +45 +48 -124 -201 -235 -282 -308 -310 -320 
61\1 & 8MR 60 No.Exp. Dow,:, ls 43-11.J. 9-7-D +25 +29 +29 ,38 +38 +42 .. 45 

jls. m,:,sh 
\OM 21 125 None Nfll)fl None 8-Un U, +59 .. 82 +80 +93 +84 +83 +79 -2L7 -299 -300 -316 -317 -318 
LLM 25 125 None None None 9-um r, +49 +66 +61 +69 +62 +66 +64 -229 -322 -354 -342 -346 -34G -J55 

"""fi,wtt l;IULll.llr ttr.wa-e. h11 U..,..1.:i11o•ttt ~, 1111 I~. Iii OIC' ~'"'"'"~ ~ ,1:1n~.l l\'C ~W,,<_~ I'll t,.:111,_ ~1it11 1o,i:.• 1111111 014" 1uim mb111 lll rnn1:nl 

g~~,tr:;::i~11=.,. PL~~I ~·~~·~:a~l~j;~'1 :1;;~~::~~ ; i~J,:;·'~~!:.::~,~c!i1 ~111111lf)ft /~nt.• ~ t.f:liflq.U J ' lA 
t: 11 UJ"'ITIHI II lor :k( )Q (lll ly 
1;1.;.'1tllll! 1.a..,. 1,,u, i. 

slabs reinforced with 43 pound and 70 pound mesh. 

Seasonal Joint Measurements 

Seasonal movements of contraction and expansion joints, as determined during the 
1945-46 seasonal cycle, are shown in Figure 1. These are the only seasonal meas­
urements that have been obtained since those which were presented in the first progress 
report. 1 

Contraction Joints. During this cycle the magnitude of the seasonal movement at 
contraction joints without dowels was approximately the same for all 25 foot slabs, re­
gardless of the spacing of the expansion joints. The movement at the doweled contrac­
tion joints bounded by 60 foot slabs was nearly twice that occurring at joints between 
25 foot slabs. The maximum movement of contraction joints from datum was greatest 
for those bounded by 60 foot slabs and having alternate expansion joints. 

Based upon the conclusions of Sutherland and Cashell 1, and upon measurements from 
datum, maximum openings of contraction joints spaced at 25 feet, even with remotely 
spaced expansion joints, were of such magnitude that aggregate interlock could not be 
considered to be effective for stress control or load transfer during cold seasons, 
since average openings exceeded 0. 04 inches. 

Expansion Joints. In sections with contraction joints at 25 feet and expansion joints 
at 125 feet, the seasonal movement of the expansion joints during this cycle was about 
twice as great where dowels were used in the contraction joints. Thus it again appears 
that dowels at the contraction joints are not permitting free movement of the slabs. 

In Section 2, with undowelled contraction joints spaced at 25 feet and containing ex­
pansion joints with load transfer spaced at 800 feet, there was practically no change in 
the expansion joint openings throughout the seasonal cycle. The movement was prac­
tically all confined to the contraction joints. 

The movement at expansion joints spaced at 120 feet with one intermediate doweled 
contraction joint, was approximately 60 percent greater than that at expansion joints 
spaced at 125 feet with 4 intermediate doweled contraction joints at 25 feet. 

Variations in cross-section of slabs and in weight of mesh had little or no effect on 
the seasonal changes in joint openings. 

Residual Changes in Joint Openings 

Average residual joint movements are shown in Table 2. Values for all years in 
which measurements were made are included to facilitate observation of trends. 

Contraction Joints. After the pavement was four years old, there was very little 
change in the residual openings of the contraction joints. This indicates that slabs had 
shifted into positions where length changes during a yearly cycle of exposure caused 
practically no change in the residual openings. 

At the age of ten years the average residual opening of contraction joints, without 
dowels and spaced at 25 feet, was appreciably greater for 125 foot spacing of expansion 
joints than for the longer spacings, the average being about 25 times greater. 

1 Highway Research Board, Research Report No. 3B 
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In sections with slabs of 25 foot length and with expansion joints spaced at 125 feet, 
the average residual opening at contraction joints without dowels was approximately 80 
percent greater than at contraction joints with dowels. This is another indication that 
improper dowel action may be preventing the free movement of slabs. 

Residual openings of contraction joints were more erratic and were greater for the 
longer contraction joint spacing, but the longer slabs were all reinforced while the 
shorter slabs were not. In 60 foot slabs with alternate expansion and contractionjoints, 
the average residual opening of contraction joints, for some inexplicable reason, was 
greater with 43-lb. mesh than with 70-lb. mesh. 

Expansion Joints. During the early age of the concrete pavement, progressive 
closure of expansion joints was noted for all spacings. Closure apparently ceased on 
most sections after 5 years; however, the closure of expansion joints in sections with 
alternate expansion and contraction joints at 60 foot spacing still seems to be con­
tinuing at the age of ten years. 

In sections with slabs of 25 foot length, and with the spacing of the expansionjoints 
varying from 125 to 800 feet, the residual movement toward closure was of approxi­
mately the same magnitude; that is, about one-third of an inch. There is, however 
one exception. In sections with slabs of 60 foot length, with alternate expansion and 
contraction joints, the expansion joints have clos ed approximately one quarter of an 
inch in 10 years. 

A comparison of total contraction joint movements with total expansion joint move­
ments is of interest. In sections with slabs of 25 foot length and with expansion joints 
spaced at 125 feet, the total opening of the intermediate contraction joints in which 
dowels were used does not approach the total closure of the adjacent expansion joint, 
while where dowels were not used, the total opening of the intermediate contraction 
joints closely approaches the closure of the adjacent expansion joint. This again in­
dicates that the load transfer devices are preventing the free movement of the slabs. 

FAULTING MEASUREMENTS 

In the summer of 1951 differential measurements were made at four places at each 
joint, one about 6 inches on each side of the center line and one about 16 inches from 
each edge of the pavement. These places were chosen in order that no interference 

TABLE 3 

DISTRIBUTION OF JOINT FAULT ING BY GROUPS AS OF AUGUST 1951 

(Percent) 
Left Lane 

P .R.A. 
Jo ints Left Point Right P oint Joints Left Point RI II\ Point Section 

Number Number Type ,,., 1/e" - 1.,'4" +l/..n i/e .. ·~"-'!." +1~., N umber Type1 \le'' 'A,"-'lc" ,, .. 1;8,._ 1;.11 .._1/4" 
U!' l CS8 ur less or less 

1 248 CN 91 8 95 5 250 CN 94 6 93 6 
2 & 2R 184 CN 85 14 94 6 182 CN 90 4 90 9 

6 ET 83 17 100 6 ET 84 16 100 
3 & 3R 203 CN 86 13 95 206 CN 94 6 91 9 

14 ET 100 100 14 ET 100 100 
5 & SR 87 CD 99 1 100 89 CD 100 100 

22 ET 86 14 95 22 ET 100 100 
6 & BR 21 CD 100 100 20 CD 100 100 

19 ET 89 11 100 17 E T 100 87 13 
6M&6MR 23 CD 100 100 23 CD 100 96 4 

24 ET 96 4 96 4 24 ' ET 92 8 100 
7 & 7R 92 CN 78 17 5 86 12 2 94 CN 93 6 l 87 11 2 

24 EN 54 38 8 92 8 24 EN 92 4 ~ 65 25 10 
7M&7MR 87 CD 100 100 92 CD 100 100 

22 ET 100 100 22 ET 95 5 100 
BM&SMR 41 CD 98 2 DB 2 42 CD 98 2 98 2 
lOM 38 CN 92 8 92 8 38 CN 97 3 D2 8 

10 EN 70 10 20 80 20 10 EN 40 50 10 40 ~o 20 
llM 36 CN 83 12 5 95 5 36 CN 97 3 95 5 

9 EN 78 22 55 34 11 9 EN 22 78 22 45 33 
1 Joint Types 

CN-Dummy contraction without mechanical means of load transfer. 
CD-Dummy contraction wi.th 7/e" x 16 11 bars spaced 12", 1;, length coated with red lead and motor graphite . 
EN - Expansion without mechanical means of load transfer and with premoulded filler. 
ET-Tr::1.nslode type with 2" x 311 x 1,4" angles and premoulded filler. 
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TABLE 4 
SUMMARY OF DIRECTIONAL FAULTING 

AS OF AUGUST 1951 
(Percent) 

P.R.A. 
Section Joints 
Number Numbe'l' Type 

248 CN 61 26 13 57 29 14 250 46 36 18 54 32 

2 & 2R 184 CN 50 34 16 47 34 19 182 CN 51 31 18 50 30 
6 ET 72 14 14 58 28 14 6 ET 57 14 29 14 43 

3 &3R 206 CN 56 28 16 49 34 17 206 CN 49 32 19 49 31 
14 ET 71 22 7 43 36 21 14 ET 64 29 7 71 22 

5 &5R 87 CD 28 44 28 46 47 7 89 CD 20 60 20 44 45 
22 ET 73 18 9 45 55 22 ET 50 36 14 59 32 

6 & 6R 21 CD 19 76 5 35 55 10 20 CD 25 65 10 50 44 
19 ET 74 10 16 38 56 6 17 ET 39 44 17 56 31 

6M & 6MR 23 CD 35 35 30 57 39 4 23 CD 30 57 13 61 26 
24 ET 67 33 46 46 8 24 ET 42 42 16 38 54 

7 &7R 92 CN 58 20 22 62 26 12 94 CN 46 27 27 57 27 
24 EN 62 8 30 50 30 20 24 EN 62 25 13 66 17 

7M & 7MR 87 CD 32 58 10 60 39 1 92 CD 24 64 12 26 55 
22 ET 41 45 14 50 32 18 22 ET 45 37 18 54 32 

BM & 8MR 41 CD 44 46 10 44 37 19 42 CD 47 48 5 60 31 

10M 38 CN 53 26 21 71 21 8 38 CN 45 34 21 53 21 
10 EN 40 60 30 30 40 10 EN 90 10 90 

llM 36 CN 53 22 25 61 28 11 36 CN 53 33 14 47 23 
9 EN 33 11 56 22 11 67 9 EN 67 · 11 22 78 

a Joint Types 

CN - Dummy contraction without mechanical means of load transfer. 
CD - Dummy contraction with la" x 16" bars spaced 12 ", Y2 length coated with red lead and 

motor graphite. 
EN - Expansion without mechanical means of load transfer and with premoulded filler. 
ET - Translode type with 2"x3"xY•" angles and premoulded filler. 

Faulting 

- Normal Faulting 
+ Reverse Faulting 
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14 

20 
43 

20 
7 

11 
9 

6 
13 

13 
8 

16 
17 

19 
14 

9 

26 
10 

30 
22 

in measurements would be obtained by slight spalling and scaling of the surface along 
the center joint or by any irregularities of the surface due to lip curb construction. 

Measurements were obtained by using a device that consisted of a sliding rod in a 
pipe, offset on a base angle to permit differential readings across a joint. The indi­
cator of the rod was adjusted to read zero on the scribed scale on the pipe at eye level 
when the device:was placed on a plane surface. Readings were recorded to the near­
est one-sixteenth of an inch. Places selected for measurement were cleaned of all 
dirt and extruded joint filler to permit fairly accurate determinations. 

Normal faulting as used in this discussion, denotes that the surface of the forward 
slab, (the slab ahead when facing in the direction of traffic) is lower than the surface 
of the rear slab. It is the condition normally found when subgrade pumping takes place. 
Reverse faulting denotes the opposite condition. 

The results of faulting measurements are shown in Tables 3, 4, and 5. Table 3 
shows the percent of faulting in three groups irrespective of the type of faulting. Table 
4 shows the percent of directional faulting. Table 5 shows the average amount of 
faulting per joint, irrespective of the type of faulting. Faulting measurements at joints 
bounded by cracked slabs were eliminated from the averages. 

In Table 3 it may be seen that the dowels have been very effective in preventing 
faulting at contraction joints. There are also indications that dowelling of contraction 
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Figure 2. Comparison of faulting a t joints without and with me -
chanical means of l oad transfer. 

joints spaced at 25 feet, is mor e essential when expansion joints ar e spaced at 125 
feet than when expansion joints are 800 feet or more apart. Translode bases at ex­
pansion joints are seen to be very effective in the prevention of faulti ng. The gi·eat­
est amount of normal type faulting observed at any joinl was 1~/1a of an inch, and oc­
curred at a contraction joint. 

By means of F igure 2 faulting at joints containing load-transfer devices may be 
compared with that at joints which do not have this feature. The figure indicates that 
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P . R. A. Exoan. Dowels 
Section Joi nt Join t at Contr. 
Number S acing Sp~c lnff 

feet real 
I 25 None 
Z & 2R 25 800 
3 & 3R 25 400 
5 & 5R 25 125 
G & 6R 60 120 (a) 
6M & 6MR 60 120 (b) 
7 & 7R 25 125 (c) 
7M & 7MR 25 125 
BM & 8MR 60 None(b) 
!OM 25 125 (c ) 
11M 25 125 (c) 

1 Unit Is Vie of an Inch 

(a) 70-lb. mesh reinfor cement . 
(b) 43 - lb. mesh re inforcem e nt. 

1.Jo(nl 

No 
No 
No 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 

(c) Withoul means of load trans fe r ~ 
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TABLE 5 

SUMMARY OF MAGNITUDE OF JOINT F AULTING 

(Avcra,t4 Unll Po r J oint) 1 

Left La ne RI M i...,no 
E xpans ion Joi nts Contrac tion Joints Expansion Joints Contraction J o ints 

X -Sec. No . Lt . Pt . !U. Pt. No. Lt. Pt. RL Pt. No. Lt. P L Rt . Pl, No. Lt .Pt. RI . Pl . 

inches 
9-7-9 248 1. 15 t. 02 250 0 . 91 1. 06 
9 - 7 -9 6 1.17 0 . 67 184 1.17 o. 93 6 1. 67 o. 67 1B2 1. 03 1. 09 
9-7-9 14 1. 22 o. 64 206 1. 24 o. 90 14 0. 72 o. 86 206 1. 06 1. 15 
9 -7-9 22 1. 46 0. 68 87 0 . 61 o. 55 22 o. 90 o. 90 89 0. 40 o. 58 
9-7-9 19 1. 37 0. 53 21 o. 34 o. 45 17 o. 56 1. 05 20 0. 35 o. 55 
9 -7-9 24 o. 96 0 . 91 23 o. 87 o. 6 2 24 0. 96 o. 55 23 0 . 48 o. 97 
7 - UniL 24 2. 54 1. 38 92 t. 72 1. 29 24 1. 21 2. 42 94 1. 06 1. 33 
9 . 8-7. 8-9. 8 22 o. 69 0 . 91 87 o. 51 0 . 72 22 0. 87 o. 96 92 0 . 37 o. 39 
9-7-9 4 1 o. 68 o. 81 42 0 . 67 o. 74 
8-UnH. 10 2.30 1. 30 38 1.16 1. 24 10 2. 70 3. 40 38 o. 76 1. 11 
9-Un if. 9 1.67 2. 33 36 I. 61 I. 00 9 2. 89 4. 11 36 o. 89 1. 14 

the load transfer devices have thus far been effective in the prevention of faulting. 
Although a difference is indicated in the degree of faulting, the difference in the ride­
ability of these two sections is hardly distinguishable. Several reasons account for 
this fact. One is that the magnitude of faulting was small and another was that the 
percentage of normal faulting was far greater than that of reverse faulting. Under 
these conditions very little impact is noticeable at normal speeds. The greatest 
magnitude of reverse faulting noted was% inch at an expansion joint which had no 
built-in load transfer. 

TABLE 6 

CONDITION SURVEY AS OF AUGUST, 1951 

P.R. A. No. of No. Slabs Cracks Unbroken Map 
Section Slabs Cracked per Slab Cracking 

Slab Length Sq. Ft. Remarks 
Ft. 

1 250 2 . 004 24.9 1 
2 2R 192 7 . 029 24.3 2 Moderate checking in 6 slabs 
3 3R 224 4 . 014 24.7 4 
5 5R 120 13 . 085 23.0 0 Moderate checking in 16 slabs 
6 6R 50 8 .100 54. 5 109 
6M 6MR 50 3 . 080 55. 6 5 
7 7R 120 2 . 012 24.7 0 One interior corner break 
7M 7MR 120 8 . 050 23.8 0 
8M 8MR 50 9 .190 50.4 0 Two interior corner breaks, 

one spalled joint 
lOM 45 0 . 000 25.0 50 
llM 46 0 . 000 25.0 0 

Table 4 shows that percentages of normal faulting were greater than the percent­
ages of reverse faulting at contraction joints either with, or without, dowels. There 
was some reverse faulting at expansion joints but the majority of the faulting was of 
the normal type. The effects of load transfer devices may also be noted; the percent­
age of faulted joints, whether contraction or expansion joints, being small where such 
devices were used. 

In Table 5 it may be seen that the magnitude of average faulting per joint was great­
er for those expansion joints which have no means of mechanical load transfer. This 
was also true for contraction joints without dowels. Generally the magnitude of aver­
age faulting per joint was slightly greater near the outside edge of the pavement than 
near the centerline. This does not necessarily indicate that tilting of all individual 
3labs has taken place because the tabular values are averages. However, some slight 
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tilting of slabs was observed, usually in areas where fill settlements or frost heaving 
had occurred. 

While faulting at joints cannot presently be considered a major imperfection of this 
project, the consistent difference between protected and unprotected joints of all types 
induces a strong suspicion that the magnitude of the difference would have been much 
more pronounced under a larger volume of heavier trucks. 

CONDITION SURVEY 

The results of the latest condition survey are shown in Table 6. The average num­
ber of cracks per slab was greater for slabs of 60 foot length than for slabs of 25 foot 
length; however, the unbroken slab length was greater for 60 foot slabs. In 60 foot 
slabs, the number of cracks per slab was greater for sections without expansion joints 
than for sections with alternate contraction and expansion joints. It should be noted 
that dowels were used in all contraction joints between 60 foot slabs. 

In slabs of 25 foot length with expansion joints spaced at 125 feet, the cracks per 
slab were greater where dowels were used at contraction joints. With this same spac­
ing, but without dowels at contraction joints, there was no evidence of cracking in the 
thicker slabs. Only one faulted crack was observed in all of the test sections . It was 
in Section 7MR in a medium size cut where a frost boil had occurred during the first 
winter. 

A slight amount of moderate checking appear ed dur ing the early life of the pavement. 
Some structural cracking has emanated from larger checks but the amount is very 
small. No map cracking has developed in the checked areas to date. 

Map cracking was very slight, both in extent and intensity and was confined to areas 
with a high water table or poor drainage. There was no longitudinal cracking, except 
for a few small checks. Thr ee corner br eaks have occurred, one in a 25 foot slab 
without reinforcement and a 7-inch uniform cross section, and two in 60 foot slabs 
with 43-lb. reinforcement and a 9- 7-9 inch cross section. Exterior corner breaks 
have not occurred to date. 

Generally the joints were in good condition. There was little to no spalling at trans­
verse joints or cracks, however, there was extensive slight spalling and scaling along 
the unedged longitudinal center joint which occurred during the first few years and has 
not subsequently progressed. Spalling had occurred at only one joint and that was at a 
dowelled contraction joint in Section 8. The nature of the spall indicated that it was 
caused by entrance of incompressible material at the surface of the joint. 

Extrusion of the premoulded sponge rubber joint fi ller , AASHO M58, Type III, was 
noted at the expansion joints on Sections 5, 5R, 6, 6R, 6M and 6MR, while this was 
not evident on other sections where the same type of joint was used. The filler has 
extruded from % to 1 inch above the surface of the pavement and was torn by traffic. 
The extent of extrusion is not in agreement with the magnitude of residual joint closure 
since the smaller closures showed the greater amount of extrusion. Variations in the 
amounts of deleterious material entering these joints, and greater daily movement of 
the joints, could have caused this inconsistency. The joints have been resealed on 
several occasions, but apparently, to be effective, sealing should be repeated every 
winter. 

The last six expansion joints of the project were poured full depth with an asphalt­
latex joint filler which met the requirements of a specification furnished by the Okla­
homa Highway Department. The asphalt-latex mixture was still pliable after ten years 
of weather ing and was adhering to some extent to the walls of the joints . Some s light 
weathering was evident in the top % inch. There was little evidence that t he asphalt­
latex joints have been resealed since they were originally installed. Practically all the 
contraction joints sealed with Plastex T. A. filler have had to be resealed on several 
occasions during the pas t ten years. 

CONCLUSION 

Developments on this project to date do not warrant drawing conclusions as to the 
various design features studied. 
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lnvestigational Concrete Pavement in Oregon 
G. S. PAXSON, Bridge Engineer 
Oregon State Highway Department 

• THE section of pavement covered by this report is one of the six sections in six 
states built under cooperative agreements with the Bureau of Public Roads in 1940 and 
1941. Two progress reports have previously been made. 1 ' 

2 In these previous reports 
the location and details of construction were described in detail. For convenience the 
data are repeated here. 

The Lombard Street-Killingsworth Street Section of the Northeast Portland Second­
ary Highway is located on a high river bench sloping slightly and evenly toward the 
north. The highway follows along the bench at practically a level grade with generally 
a light cut on the south and a low fill on the north. At only two places do the fills or 
cuts on center line exceed 4 feet in depth. At these two points small drainage courses 
are crossed with a maximum fill depth of 22 feet. The embankment was placed in 
6-inch layers and compacted with hauling equipment. The grading was done in 1939 
and had practically two years to settle before the pavement was placed in 1941. 

The soil over the entire project is classified as A-4. It had a liquid limit of from 
23 to 27 and a plasticity index of zero except for two sections where the plasticity in­
dex was 3. The soil analysis given in Table 1 is representative of the soil over the 
entire project. 

The details of the project followed the outline specified by the Bureau of Public 
Roads3 for the investigation except that their Section No. 2 was omitted. The dimen­
sions of the sections and the type of pavement and joint treatment are given in Table 
2. . 

The Lombard Street-Killingsworth Street Section had other advantages that influ­
":!nced the selection. It is partly within the City of Portland and serves as a by-pass 
route for US 30 traffic from the east. It carries a relatively heavy volume of travel 
and the percentage of heavy trucks is greater than on most sections of highway. The 
average daily traffic for the ten-year period from 1941 to 1950, inclusive, is shown 
in Table 3. 

The project was set up primarily to observe the effect of expansion joint spacing on 
the movements of expansion and contraction joints. The joints were built with and with­
out load transfer devices with the expectation that an indication of the value of such de­
vices might be observed. 

Present Condition of the Pavement 

The pavement after ten years of service is in excellent condition. This is true of 
all six of the test sections. The general excellence of the pavement makes it difficult, 
if not impossible, to compare the relative merit of the different joint and load-transfer 
arrangements. Except for the two crossings of minor drainage, no unequal settlement 
has occurred. At these two points a small amount of settlement has taken place, but 
without breakage of the pavement slabs. There are nine cracks in the entire length. 
In all cases the cracks are across one lane only and stop at the longitudinal joint. No 
specific cause can be assigned to any of these cracks. There seems to be no relation­
ship between the position of the cracks and the distance between expansion joints or to 
the load transfer at the joints. 

Photographs of one of these cracks were taken in 1943, when it was first observed, 
in 1945, and again in 1950. Figure No. 1 shows the development in eight years. 

1 G. S. Paxson, "Investigational Concrete Pavement in Oregon," Proceedings, High­
way Research Board, Vol. 21, P. 147. 
2 G. S. Paxson, "Investigational Concrete Pavement in Oregon," Highway Research 
Board Report No. 3B, 1945. 
3 E. F. Kelley, "History and Scope of Cooperative Studies of Joint Spacing in Concrete 
Pavements," Proceedings, Highway Research Board, Vol. 20, P. 333. 
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TABLE 1 

SOIL ANALYSIS 

0 /o 
F . M.E. 20 Larger than 2. 0mm. 0.0 
C.M.E. 9 Coarse sand, 2. 0 to O. 25 mm. 9.8 
L.L. 24 Fine sand, O. 25 to 0. 05 mm. 36.7 
P,L. 0 Silt, O. 05 to 0. 005 mm. 37.4 
P. I. 0 Clay, smaller than O. 005 mm. 6.1 
S.L. 0 Colloids, smaller than 0. 001 mm. 5.3 
L.S. 0 
S.G. 2.63 Group A-4 

The spalling at the contraction joint corners has not significantly increased in the 
six years since the previous report was made. This spalling is certainly caused by 
improper placing of the elastic material in the upper part of the contraction joint. This 
spalling is only on the surface and does not affect the lower two thirds of the pavement 
slab. 

Width Change of Joints 

Section No. 1 is a mile in length without expansion joints, so that expansion of the 
concrete can only be accommodated by slab movement at the two ends of the section. 
Section No. 3 is 2,430 feet in length but is divided by expansion joints into six sub­
sections, each 405 feet in length. Sections No. 4, 5, 6 and 7 are 1,200 feet in length, 
each divided into 10 subsections 120 feet in length. In all s ections except No. 6, the 
reinforced section, contraction joints are at 15-foot intervals. In Section No. 6 each 
120- foot subsection has a contraction joint at its mid-length dividing it into two 60-foo' 
panels. 

Measuring stations were installed at each end, at the mid-point, and at the quarter 
points of Section No. 1; at each end and at the mid-point of two of the subsections of 
Section No. 3; at each end of five of the subsections in Sections No. 4, 5, 6 and 7. Gauge 
points were placed to measure the change in width of all expansion joints in the 
selected subsections listed above. Gauge points were also placed at selected con­
traction joints in Sections No. 1 and No. 3 and at all contraction joints in two sub­
sections of Sections No. 4, 5, and 7 and at the single contraction joint in each of the 
five subsections of Section No. 6. 

TABLE 2 

ARRANGEMENT OF EXPERIMENTAL SECTIONS 

Metal Expansion Joints Contraction Joints 

Section Length Thickness Reinforce- Spacing Load Spacing Load 
No. ment Transfer Transfer 

(feet) (inches) (feet) (feet) 
1 5,280 9-7-9 None At ends Dowels 15 None 
3W 2,430 9-7-9 None 405 Dowels 15 None 
3E 2,430 0-7 -9 None 405 Dowels 15 None 
4W 1,200 9-7-9 None 120 Dowels 15 None 
4E 1,200 9 -7-9 None 120 Dowels 15 None 
5W 1,200 9-7-9 None 120 Dowels 15 Dowels 
5E 1,200 9-7-9 None 120 Dowels 15 Dowels 
6W 1, 200 9-7-9 Mesh 120 Dowels 60 Dowels 
6E 1,200 9-7-9 Mesh 120 Dowels 60 Dowels 
7W 1,200 8 unifo r m None 120 None 15 None 
7E 1,260 8 uniform None 120 None 15 None 
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The measuring stations at the section ends are not affected by pavement movement 
and provide means by which the total elongation of the subsections can be determined. 
The gross elongation of the subsections is also represented by the closure of the ex-

-l 

I . 
1943 1945 1950 

Figure l 

pans ion joints. In Figure No. 2 is shown the gross elongation or expansion joint closure of 
the six sections. An interesting feature of these graphs is the similarity of the five un­
reinforced sections both as to pattern and amount of closure . The expansion taints, 
all of which were originally 0. 75 inch in width, have closed up until now after ten years 
of service they are practically half their original width. The closure of the joints at 
each end of the mile-long section is no greater than the closure at the ends of the 120-
foot sections. 

The rate of closure for all unreinforced sections was rapid in the first year and a 
half and then decreased. The closing of the expansion joints has continued during 
the entire ten-year period, however, and there is no indication that equilibrium will 
be established short of complete closure. 

The reinforced section, No. 6, presents a slightly different pattern. After the first 
year and a half until 1949, the joint movement repeated itself with but little variation 
other than that due to the temperature at the particular day on which the measurement 
was taken. During the last two years additional joint closure has occurred. It is probable 
that the joints will eventually close as is indicated for the joints in the unreinforced sections. 

TABLE 3 

TRAFFIC DATA-LOMBARD-KILLINGSWORTH SECTION 

Daily Truck Traffic 
Total Daily Traffic Average Maximum 

Year -Average Maximum Light Heavy Light Hea.vy 
1941 3810 6400 169 220 231 316 
1942 4170 6210 184 262 263 390 
1943 4200 5660 205 277 277 385 
1944 3865 4830 212 290 256 357 
1945 4440 5550 257 341 299 418 
1946 5210 7720 276 411 358 521 
1947 5770 8760 294 368 370 490 
1948 6345 10780 324 339 510 510 
1949 7150 12155 361 379 571 574 
1950 7300 11750 406 439 510 580 
10-yr.-
averages 
of all 5226 7981 269 332 364 454 



... 
154 

The joint closure at present is about half that of the unreinforced sections of the same 
length, but the seasonal variations are greater. This is to be expected because of the 
contraction joint arrangement. There is only one contraction joint in each subsection 
in the reinforced section, while there are seven such joints in the unreinforced 
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Figure 2, Lombard-Killingsworth pavement. Closure of expansion 

joints. 

sections. Each contraction joint, by its failure to completely closc: during high tem­
peratures , adds to the expansion joint closure. The seasonal movement after the 
first few years is principally affected by the action of th':l end slabs, which are 60 
feet in length for the reinforced section and only 15 feet in length for the unreinforced 
sections. 

It was expected that the subgrade drag would prevent the opening of the contraction 
joints in the central portion of the mile-long section . This effect has been relatively 
slight . Figure No. 3 shows the openings of the contraction joints in the five unrein­
forced test sections at the winter measurement when the joints are in their widest 
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open position. The measurements shown are the average of the 1948 to 1950 read­
ings. It will be noted that except for the end joints the openings of the joints in 
the mile-long section are approximately uniform. The opening of the joints in it, 
however, are much less than in the shorter sections. 

100~-,- = ~------------------- ---.-,.;-;.,,,----,,--, 100 
Section I End 

C 
0 

c 100 

150 
>- 0 

7W 

I-SO'--{ 

5W 

1 

I ~ 
90'--I l-90'-I f.9o'-I 

Figure 3. Lombard-Killingsworth pavement. Relative openings of 
contraction Joints. Plotted values show the opening in thousandths 
of an inch of each contraction joint, as indicated by the mean of 
the three winter readings of 1948, 1949 and 1950, Average tem-
perature of concrete at the times measurements were made, 37° F. 

0 

150 

150 

100 

50 

0 

In Figure No. 4 are shown the average width of openings of the contraction 
joints in e?.ch of the six sections. The width of opening in the five unreinforced 
sections has remained practically constant since 1946. The width is less in the 
long sections, Sections No. 1 and No. 3, than in the 120-foot sections. 

The movement at the single contraction joint at the mid-point of the 120-foot 
subsections of Section 6 is of considerable interest. The graph in Figure No. 4 
shows the average movement of the five contraction joints measured in this section. 
The opening of these joints is approximately double that of the joints between the 
slabs of the other sections having 15-foot spacing of contraction joints. The sea­
sonal movement between summer and winter conditions is also about double the 
movement between the 15-foot slabs. The joint widths are still increasing after 
ten years of service. 

It will be noted that the openings of contraction joints during cold weather are 
in the range of 0. 07 inch in Sections 1 and 3 and in general approach 0. 10 inch 
in the 120-foot sections. In Section 6 with the 60-foot spacing between contrac­
tion joints the openings in the winter season are approximately 0. 20, and even in 
summer the openings are more than 0. 10. Sutherland and Cashell in their work 
on the "Structural Efficiency of Transverse Weakened-Plane Joints" 4 found that, 
"It must be concluded that aggregate interlock cannot be depended upon to give 
effective stress control throughout the full yearly temperature cycle in pavements 
with contraction joint spacings such that the joints can open an amount greater 
than approximately. 0. 04 inch. The contraction joint measurements on this Oregon 
project show that even in the middle of the mile-long section the openings greatly 

4 "Structural Efficiency of Transverse Weakened-Plane Joints," Highway Research 
Board Report 3B, 1945. 
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exceed this figure. The almost complete absence of faulting and pumping and the gen­
eral excellence of the pavement must be attributed to other causes than load trans­
ference across the joints , probably to the excellent base of gravel under the slabs. 

It is probable that the width of contraction joint openings in the Oregon project is 
not typical of pavements in general. It will be noted later in this report that a slight 
shrinkage of the concrete has taken place rather than a growth as is usual in most 
concretes. Apparently the openings of the joints in the central portions of the larger 
sections is due to this shrinkage rather than to movement along the subgrade. It is 
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Figure 4, Lombard-Killingsworth pavement. ~ening ot contraction 
joints. 

hardly possible that sufficient force could he developed to slide a half mile of pavement 
slab nor that the slabs could withstand such a pressure even though it could have been 
developed. 

Influence of Joint Spacing on Structural Performance 

There is no evidence that the joint spacing has had any effect on the structural 
performance or the riding quality of the pavement. As stated earlier, all of the 
sections are in such excellent condition that no significant differences can be detected. 
In 1941, 1944 and again in 1950, a graphic record of surface irregularity was made. 
These records were made on the same sections each year and as nearly as possible 
a long the same line. A print of the three records is shown in Figure No. 6. There 
seems to be no significant change from 1944 to 1950. In each of these two later 
records the effect of the joints is more pronounced than in the 1941 record. 

Faulting and Pumping 

There has been no pumping on this project. Bronze pins were set in the pavement 
slabs on each side of a large number of expansion joints and contraction joints. The 
elevations of these points were determined at the time the pavement was opened to 



traffic and again in 1950. The greatest settlement observed at any point was O. 039 
foot. The greatest differential movement between two adjacent points was 0. 014 
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foot. This happened at three points at a contraction joint in Section No. 5 where dowels 
were placed across the crack and at an expansion joint and a contraction joint in 
Section No. 7 where no dowels were used. The average and maximum differential 
movement at all expansion and contraction joints is shown in Table 4. Neither the 
length of section between expansion joints nor the use of dowels seems to have had 
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Figure 6. Lombard-Killingsworth pavement, Portland . Oianges in 
surface irregularity at 3 and 9 years a fter construction . 

any significant effect on the differential movement. The gravel base under the pave­
ment probably accounts for the general excellence. 

Relative Performance of Plain and Reinforced Concrete 

This project did not give data that would warrant drawing conclusions as to the 
relative performance of the plain and reinforced sections. All sections are in ap­

~ / proximately equal condition at the end of ten years of service . The closure of the 
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TABLE 4 

DIFFERENTIAL MOVEMENT AT JOINTS 

Section 
No. Joint Type Average Maximum Load Transfer 

1 Contraction 0.005 0.012 No Dowels 
3 Contraction 0.005 0.011 No Dowels 
3 Expansion 0.003 0.005 Dowels 
4 Contraction 0.005 0.010 No Dowels 
4 Expansion 0.002 0.004 Dowels 
5 Contraction 0.004 0.014 Dowels 
5 Expansion 0.004 0.008 Dowels 
6 Contraction 0.005 0 . 009 Dowels 
6 Expansion 0.004 0.008 Dowels 
7 Contraction 0.006 0.014 No Dowels 
7 Expansion 0.007 0.014 No Dowels 

expansion joints is less, and the opening of the contraction joints is greater in the 
reinforced sections than in the plain concrete sections. These differences have not 
appreciably affected the performance of the pavements . If any inference can be 
drawn it is that with a good subsoil and an adequate granular base reinforc ing of con­
crete pavements is not necessary. 

Structural Condition of Slab Corners 

T here have been no corner breaks , as the term i. s ordinarily used, i.n the Oregon 
;:>roject. In the Highway Research Report 3B, attention was called to the surface 
spalling at the corners due to faulty installation of the asphaltic filler in the contrac­
tion joints. This took place in the first few years of service and has not progressed 
further. The contraction joints were made by inserting a one-fourth inch by 2-inch 
strip of asphalt-impregnated felt into the upper surface of the pavement. This was 
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Figure S. Lombard-Killingsworth pavement. Le ngth changes in 120 
feet corrected for a concrete temp. of 40° F. 

done before the passage of the finishing machine, and in some cases the felt was 
pulled away from the side forms several inches leaving a small area at the edge of 
the pavement in direct bearing. As the slabs curled due to temperature change , thes t 
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areas took the entire pressure and spalled for the depth of the felt strip. This is a 
surface defect and not a corner break due to load. It occurs in all sections regard­
less of joint spacing or load transfer devices. 

Evidence of Slab Growth 

There is apparently no slab growth in the sense of a swell of the concrete due to 
physical or chemical change in the concrete itself. There is some slight evidence 
that shrinkage has been taking place. The procedure used in measuring actual change 
in the length of concrete slabs does not allow for the separation of the length changes 
due to temperature, moisture content, elasticity and other external causes, from the 
internal changes usually classified as growth or shrinkage. Records of the gross 
length change in all sections have been kept. There is a remarkable similarity in 
the records for all sections. Figure No .. 5 is the record for Section 7. The net change 
in length is the difference between the outward movement of the ends of the section 
and the contraction joint openings. In this figure the length changes have been cor­
rected for temperature change. No correction has been attempted for other external 
causes. A bar graph showing rainfall is included in the figure. The change in net 
length follows the rainfall, being less in winter than in summer. In general the slope 
of the length change is down, indicating a slight tendency toward shrinkage. 

SUMMARY 

As an experimental project, the Lombard Street-Killingsworth Street Section has 
been a disappointment. The excellent quality of the soil and the adequate granular 
base have masked any differences in performance of the several subsections. All 
subsections, regardless of joint spacing, load transfer or other variables, have with­
stood ten years of heavy traffic without noticeable deterioration. A few conclusions 
can be drawn which are certainly applicable to this project and which can be extended 
to similar projects. 

Expansion joints can be eliminated in pavements built from sound materials. There 
is no indication of any kind thi:tt a mile-long section without expansion joints has been 
injured in any way. When expansion joints are placed, they begin to close immediately 
after construction, and this closure has continued at a fairly even rate for ten years. 
It is probable that eventually expansion and contraction joints will be of approximately 
equal width. 

All contraction joints, even in the mile-long section where restraint is a maximum, 
have opened enough so that aggregate interlock across the joints is not effective. With 
a yielding base, some load transfer device is probably advisable. In this particular 
project the quality of the base and subgrade is such that load transfer is apparently 
not necessary. 

Even though the measurements show that the contraction joints cannot develop ag­
gregate interlock, there is no indication of pumping or faulting at the joints. The 
traffic volume is great enough to have produced these effects if they are to occur. 
Their absence is undoubtedly due to the excellent subgrade and the adequate granular 
base. The durability of the pavement is evidence of the advisability of the use of 
granular bases where such use is economically feasible. 
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