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•THIS IS a progress report on performance of concrete test sections at the AASHO 
Road Test. Study was limited to the main factorial and replicate (Design 1) test 
sections in truck loops 3, 4, 5 and 6. 

In a previous study (1), end of test data from Design 1 sections in the four truck 
loops were related to three design concepts. This study showed: 

1. No differences in performance between the 3-, 6- and 9-in. subbase depths. 
2. Equal or slightly better performance on the plain slab design than on the re­

inforced slab design. 
3. That the PCA slab thickness design procedure based on Pickett's stress equation 

is dependable (..!_, ~). 

Constructed Serviceability of Design 1 Sections presents data on the initial service­
ability of Design 1 concrete test sections in the four truck loops. From histograms of 
these data it was concluded that: 

1. The as constructed serviceability index of Design 1 test sections in the four 
truck loops was 4. 7. 

2. There were slight but insignificant differences in as constructed serviceability 
between the three subbase depths, the two slab designs and the four truck loops. 

Analysis of Concrete Performance presents end of test serviceability and data on 
cracking for each Design 1 concrete test section in the four truck loops. The data are 
shown in both table and chart form, and are summarized in charts under the two slab 
designs, the four thickness levels in each loop, and under single and tandem axles. 

The two slab designs were plain pavement with doweled transverse joints spaced at 
15 ft and reinforced pavement with doweled transverse joints spaced at 40 ft. 

Slab depths increased at 11/i-in. increments from 3½ in. to 121/2 in. There were 
four slab thickness levels in each loop that also increased at 1 ½-in. increments. 

Major conclusions from Analysis of Concrete Performance are: 

1. End of test serviceability showed no significant differences in performance on 
the 3-, 6- and 9-in. subbases. 

2. End of test serviceability of the plain and reinforced slab designs showed that: 
(A) At first slab thickness levels, the plain design performed better than 

the reinforced design under both single- and tandem-axle test traffic. 
Data presented in Subbase Pumping, Major Conclusions show that these 
differences in performance occurred after heavy subbase pumping 
started. 

(B) At second slab thicknesses, the plain design performed better than the 
reinforced design under single-axle test traffic. Data presented in 
Subbase Pumping, Major Conclusions show that these differences in 
performance occurred after heavy subbase pumping started. Perform­
ance was about equal under tandem axles. 

(C) At third and fourth slab thicknesses, performance was equal and excel­
lent for both slab designs under both single and tandem axles. 
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3. End of test serviceability under single- and tandem-axle test traffic showed that: 
(A) At first and second slab thicknesses, performance was better under 

single-axle test traffic than under tandem-axle test traffic. These marked 
differences in performance under single and tandem axles are not shown 
by the Road Test performance equations (3). These equations show 
better performance under single axles at a ll thickness levels. 

(B) At the third and fourth slab thicknesses, performance was virtually 
identical under both single- and tandem-axle test traffic. These marked 
differences in performance under single and tandem axles are not shown 
by the Road Test performance equations (3). These equations show 
better performance under single axles at a ll thickness levels. 

4. The Road Test environment had a major influence on the start of cracking in the 
reinforced test sections at all slab thickness levels. In some states environment does 
not cause visible cracks in reinforced pavements that have carried large volumes of 
trucks for 10 to 20 yr. In these states performance of reinforced pavements at the 
Road Test will have little or no application. 

5. At the end of traffic testing, the plain s lab design s howed definite superiority 
over the reinforced design in r egard to major cracking (Classes 3 and 4) . Major 
cracks wer e used in computing serviceability indexes· (3). However, a t about equal 
serviceability, pavements free of the distress character istic of major cracking should 
cost less to maintain. 

Subbdse Pumping presents data showing the extent and sevediy of :,ubLa::,e pumping 
and the relationships of subbase pumping to pavement serviceability. Data on trace, 
moderate and heavy subbase pumping are shown in table and chart form for all Design 1 
test sections in the four truck loops. In the HRB data systems these three types of 
su):)l;>ase pumpin,g are combined into a pumping score. This score equals trace pump­
ing, plus 10 times moderate pumping, plus 50 times heavy pumping. A detailed study 
was made on the second thickness 8-in. test sections in loop 5. Work on subbase 
pumping data is not complete. The following conclusions reflect work done so far: 

1. Trace subbase pumping occurred on all Design 1 sections in the four truck loops. 
2. Moderate subbase pumping occurred on all first and second slab thicknesses, on 

95 percent of third slab thicknesses, and on 63 percent of fourth slab thicknesses. 
3. Heavy subbase pumping occurred on all first slab thicknesses, on 89 percent of 

second slab thicknesses, on 34 percent of third slab thicknesses and on 21 percent of 
fourth slab thicknesses. 

4. Neither trace nor moderate subbase pumping influenced serviceability at any 
slab thickness level. 

5. Heavy subbase pumping was not extensive or severe at third and fourth thick­
ness levels and did not influence serviceability. 

6. On second level slab thicknesses, severity of heavy subbase pumping decreased 
as stress decreased and loss in serviceability was related to the severity of heavy 
subbase pumping. 

7. On first level test sections, repetitions of test traffic from the start of heavy 
pumping to the first serviceability loss (when serviceability index fell below 4. 0 and 
did not recover) varied considerably within and between loops. However, averaged 
data show that the effects of severe subbase pumping decreased as stress decreased. 

8. Differences in serviceability under single and tandem axles on first and second 
thickness levels occurred only after heavy subbase pumping started. 

9. Differences in serviceability between the plain and reinforced designs in the 
first and second thickness levels occurred only after heavy subbase pumping started. 

The following conclusions relate only to the detailed study of the second thickness 
8-in. test sections in loop 5. 

1. Where the accumulated percentage of heavy subbase pumping was 60 or less 
and not severe. A measure of severity-it is the accumulated percentage of section 
length with heavy subbase pumping measured after each period of rainfall. For 
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example, if these percentages were 65, 80 and 70 after three periods of rainfall the 
accumulated percentage would be 215: 

(A) End of test serviceability was about equal to the end of test 
serviceability on third and fourth slab thicknesses in loop 5. 

(B) The relationship of serviceability to applied loads (single 
or tandem) can be adequately described by the following state­
ment: At 100,000 repetitions the serviceability was O. 4 less 
than the as constructed serviceability, and there was no further 
loss in serviceability during the test period. 

2. Where the accumulated percentage of heavy subbase pump ing was 90 or more 
(severe), perfo r mance was as stated above until heavy subbase pumping approached 
severe intensity. Severe heavy subbase pumping was accompanied by a rapid service­
ability loss with indexes usually reaching a value of 1. 5 before the end of test. 

3. With regard to the second level , 8-in. test sections in loop 5, the Road Test 
performance equations for concrete are deficient in the following respects: 

(A) They do not describe concr ete performance prior to the start of heavy 
pumping. 

(B) They give incorrect values for end of test serviceability where the 
accumulated percentage of heavy subbase pumping was 60 or less 
(not severe). 

(C) They fail to show that performance was equal under single and 
tandem axle.s where the accumulated percentage of heavy subbase 
pumping was 60 or less (not severe). 

(D) They give incorrect values for end of test serviceability where 
the accumulated percentage of heavy subbase pumping was 90 or 
more (severe). 

With regard to observations and records of subbase pumping made at the Road Test 
it is believed that: 

1. Trace subbase pumping is uncommon on pavements in service. 
2. Moderate subbase pumping is rare on pavements in service. 
3. Heavy subbase pumping in more than very small amounts is probably unique 

to the Road Test. 
4. Road Test performance measurements influenced by heavy subbase pumping of 

medium or severe intensity are not relevant to pavements in service. 

At the outset, three conclusions were cited from a previous study (1). The results 
of the current study agree with all three conclusions and give additionai support to the 
third one. In the previous study, summaries of pavement performance from all sec­
tions, including tp.ose affected by subbase pumping, showed that the PCA design pro­
cedure is dependable. The performance of second level pavements that had little or 
no heavy subbase pumping affords further evidence that this procedure is dependable 
and conservative. 

At the Road Test, concrete pavement research was conducted on the south tangents 
of six loops. Most of the research on the six test loops had to do with three elements 
of concrete pavement design. These were slab thickness, subbase thickness and two 
slab designs: plain slabs with doweled transverse contraction joints spaced at 15 ft 
and reinforced slabs with doweled transverse contraction joints spaced at 40 ft. Dowels 
were the same for both slab designs. Dowel sizes, mesh weights and other jointing de­
tails are given in Ref. (3). 

In all six loops these t wo slab designs were used in combination with each variation 
in slab and subbase depth to make a complete factorial design. Also, certain design 
combinations were repeated in each loop to check on experimental error. The struc­
tural design combinations were constructed 24 ft wide with a sawed longitudinal center 
joint between the 12-ft lanes. Each lane of each design combination was a test section. 
These test sections are the main factorial design (Design 1) at the Road Test. Loops 
3 to 6 also had a limited number of sections for the study of paved shoulders and the 
presence or absence of subbase. This Design 3 study is not included in this report. 
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Loop 1 was restricted to various non­
traffic tests. Slab depths were 2½, 5, 
9½ and 12½ in. and subbase depths were 
0 and 6 in. There were 32 factorial and 
16 replicate test sections. 

Loop 2, often called the passenger car 
loop, carried 2 kip single-axle loads in 
lane 1 and 6 kip single axles in lane 2. 
In all loops, lane 1 was the inside lane 
(next to the median) and lane 2 was the 
outside lane. Slab depths were 2½, 3½ 
and 5 in. and subbase depths were 0, 3 
and 6 in. There were 36 factorial and 4 
replicate test sections. 

Loops 3, 4, 5 and 6, the truck loops, 
had similar factorial and replicate de­
signs. In each of the loops, four levels 
of slab thickness were used in combina­
tion with the two slab designs and sub­
base depths of 3, 6 and 9 in. , making 48 
factorial sections per loop. There were 
eight replif'ate sef'tions in each loop mak­
ing a tofal of 56 test sections per loop. 
Both slab depths and thickness levels in­
creased at a 1 ½-in. increment from 31/2 
in. in loop 3 to 12½ in. in loop 6. 

The four thickness levels in loops 3 to 
6 were varied around the mean of designs 
submitted by four agencies during the 
planning stages of the Road Test. These 

TABLE 1 

CONCRETE PAVEMENT THICKNESS, 
LEVELS AND LOADS 

Item 

Slab depth 
(in.): 
3½ 
5 
6½ 
8 
9½ 

11 
12½ 

Mean des. 
thickness 

(in.): 

Axle load 
(kips): 
Single 
Tandem 

Loop 
3 

1st 
2nd 
3rd 
4th 

7.2 

12 
24 

Loop Loop Loop 
4 5 6 

1st 
2nd 
3rd 
4th 

8.6 

18 
32 

1st 
2nd 
3rd 
4th 

9.6 

22.4 
40 

1st 
2nd 
3rd 
4th 

10.8 

30 
48 

mean designs, along with the slab depths tested, the thickness levels, and the axle 
loads in the four truck loops are shown in Table 1. This table shows that in loops 3, 
4 and 5 the mean design depths are from 0.1 to 0. 7 in. greater than the third thickness 
levels. In loop 6 the mean design is 0. 2 in. less than the third thickness level. 

In all four truck loops single-axle test traffic operated in lane 1 (inside lane) and 
tandem-axle traffic operated in lane 2 (outside lane). As a result each individual test 
section received repetitions of one single- or one tandem-axle load. 

Authors' Comment.-This procedure made it possible to get the 
performance on each test section for repetitions of a specific 
load. It also permits performance comparisons for repetitions 
of specific single- and tandem-axle loads on two test sections 
of the same design. 

However, pavements in service carry a wide variety of single- and 
tandem-axle loads. Since all test sections carried only one load 
(either single or tandem) the Road Test did not yield any exper­
imental data on the effects of mixed traffic, This fact and its 
significance are expressed in the following unanswered question 
from the Road Test Report (3). "For example, at the Road Test 
a million axle loads of one- weight were applied in two years to 
each section. What would have been the situation had these 
loads, accompanied by several million lighter loads, been ap­
plied in 20 years?" Because the question is unanswered, it is 
not wise to use extrapolations of Road Test performance equa­
tions for design of pavements in service. 

At the Road Test performance was measured by means of two values-number of 
repetitions and serviceability index. Development of the serviceability index method 
for determining the ability of a pavement to serve traffic is described in detail in 
Appendix F of Ref. (3). On concrete test sections the serviceability index was deter­
mined by a formula ffiat used the average of slope variance measured in the two wheel 
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paths and the amount of cracking and patching. In the charts presented, both the in­
dex and the number of load repetitions at the time that the index was measured are 
shown. 

This paper is a progress report on study of concrete pavement performance on the 
Design 1 test sections in the truck loops-3, 4, 5 and 6. In a previous study (1) end of 
test serviceability data for these same test sections were studied in relation to 3 
design concepts. Data were summarized by: 

1. Computing average repetitions to 1. 5 serviceability index for the first level 
thicknesses in loops 3, 4 and 5 where all sections dropped to this index during the test 
period. 

2. Computing percent of sections that survived testing with an index of 1. 5 or 
higher and the average index of these surviving sections for second level pavements in 
all four loops. 

3. Computing the average end of test index for third and fourth thickness levels in 
all four loops where all sections survived testing with an index above 1. 5. 

Summaries of serviceability were not made for the individual loops, nor for single 
and tandem axles. In computing averages, data from both single- and tandem-axle 
test sections were used. The results of these computations showed: 

1. About equal performance on the 3-, 6- and 9-in. subbase depths with slightly 
better performance on the 3- and 6-in. subbase depths. 

2. About equal performance for the plain and reinforced slab designs with a slight 
advantage for the plain design. 

3. That slab thicknesses determined by the PCA design procedure (1) were close 
to or slightly above the minimum needed for dependable performance a t the Road Test. 

Constructed Serviceability of Design One Sections includes information on the rates 
of load application at the Road Test. Analysis of Concrete Sections presents perform­
ance in the truck loops based on end of test serviceability indexes and data on minor 
and major cracking. Subbase Pumping presents data on subbase pumping in the truck 
loops and its relationship to pavement serviceability. 

CONSTRUCTED SERVICEABILITY OF DESIGN 1 SECTIONS 

Data on as constructed serviceability of Design 1 test sections in the truck loops 
were summarized for the two slab designs, the three subbase depths and the four 
loops. 

Figure 1 shows histograms for as con­
structed serviceability on the two slab 
designs. From the summary in Table 2, 
these values show no significant differ­
ence in as constructed serviceability. 

Figure 2 shows histograms for as con­
structed serviceability on the 3-, 6- and 
9-in. subbase depths. The summary 
also shows no significant differences in 
as constructed serviceability. 

Figure 3 shows histograms for as con­
structed serviceability on the four truck 
loops. Summary values show slightly 
higher initial serviceability on loops 3 
and 4 than on loops 5 and 6. One crew 
paved loops 3 and 4, but another crew 
paved 5 and 6. The differences are not 
enough to be significant. The mean as 
constructed serviceability index for loops 
3 to 6 is 4. 7. 

A study has been started on time-rates 
of loading at the Road Test. While there 

TABLE 2 

AS CONSTRUCTED 
SERVICEABILITY INDEX 

Item 

Slab design: 
Plain 
Reinforced 

Subbase depth 
(in.): 
3 
6 
9 

Loop No. 
3 
4 
5 
6 

Min. 

4.3 
4.4 

4.3 
4.3 
4.3 

4.3 
4.5 
4.4 
4.3 

Mean 

4. 69 
4.73 

4.68 
4.72 
4.72 

4.74 
4.76 
4.67 
4.61 

Max. 

5.0 
5.0 

4.9 
5.0 
5.0 

5.0 
4.9 
4.9 
4.8 
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Plain Pavements 
Doweled Joints - 15 Ft. 

Reinforced Pavements 
Doweled Joints - 40 Ft. 

40·~----------------------------

Mean psi 4.69 Mean psi 4. 73 
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Figure 1. As constructed-serviceability indexes. 

Subbase Depth 
3 Inch 

Subbase Depth 
6 Inch 
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Figure 2. As constructed-serviceability indexes. 
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5 

4 

3 

2 

-
-
~ 

1-

'~ 

4.3 

4 

6 

8 

10 

,_ II.I ~ 

---- -
End or 1011 rrofllc 

PI a in - c:::::::=:J 

J 6. "-'~ 
Thlcl 

Jncrete performance . 

~. •·• ••••• nu, ~ 

4.1 

II .I 

TANDEM 

b'Cll:IO/.l .S G 9 

~ 

4.3 

II. I 

Reinl.- ~ 

•• 9. 

~ 

.;.. 

11 in. 

48 KIPS i 
l 6 6 9 -

'!< 

••• 369 ~ l 6 9 
_ r'subbo1e/ -

Thlc~non l9 

-
-
-- 4.4 4.4 

II .I II.I i'i -
-
-

~ 
- ;x --

8 -
End of test traffic 

LOOP 6 121/2in . 

c::::::::Su!ClLE 30 KIPS TANDEM 48 KIPS i 
l 6 9 

SubbO•o/,
3 6 9 l 6 9 l 6 9 

...___,.... r,...r-
T1\lcJlneH - :-< - .s - 4.1 4.3 

- II.I 11,1 ----
End of tul lrafllc 

~ 

1 
-~ 
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! 
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4~ 
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u 
a: 

:;; 
C 
u 
u 

·5 
(/) 
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! 
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a: 

.. 
;s 

~ 

1 

M .. .., 
C 

! -~ 
-~ 

R 
c1: 

1 
-~ 
(/) 

I 

0 
0 
0 
0 
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i 
-~ -.; 

0 
0. .. 

a.O .. 
a: Q 
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were minor variations between loops and 
between lanes in individual loops, aver­
aged data show: 

TABLE 3 

TIME-RATES OF LOADING 

1. That there was essentially a single 
loading history for all traffic testing. 

2. That the loading history had three 
distinct time-rates. These are shown in 
Figure 4 and are summarized in Table 3. 

Authors' Comment. -The increases 
in time-rates are substantial. 
Road Test performance and the 
empirical equations based on this 
performance are dependent on one 
loading history with two major 
changes in time-rating of loadi_ng. 
Hence the performance and the equa­
tions do not have experimental 
application to any other loading 
history. This is another reason 
why it is believed to be unwise to 
use extrapolations of the Road Test 
equations for design of pavements 
in service. 

Repetitions 

0- 101,000 
101,000- 387,000 
387, 000-1, 076, 000 1 

Time-Rates 
(loads per lane 

per day) 

860 
1,300 
2,500 

(Ratios of time-rates are 1. 0:1. 5:2. 9) 

1 From this point to the end of test, 
loading histories were varied slightly 
so that 1,114,000 applications could be 
applied to all surviving test sections. 

ANALYSIS OF CONCRETE PERFORMANCE 

This section deals with concrete behavior as shown by end of test serviceability and 
cracking. Table 4 gives the following information for all Design 1 test sections in 
loops 3 to 6: 

1. Section number. 
2. End of test serviceability index for sections that had values above 1. 5. 
3. Repetitions to 1. 5 index for sections that fell to this value during the test. 
4. Repetitions at which minor and major cracking started. 

The serviceability data in Table 4 are shown in graph form in Figure 5. The charts 
are arranged under the four thickness levels. They show both repetitions and end of 
test serviceability for single and tandem axles, the three subbase depths and the two 
slab designs. The charts thus permit quick performance comparisons at any thickness 
level unde r single or tandem axles. Study of Figur e 5 shows: 

1. No significant differences in performance for the 3-, 6- and 9-in. subbase depths. 
2. Wide variations in repetitions to a 1. 5 serviceability index in the first thickness 

level, especially in loops 5 and 6. Note, for example, that two first thickness 8-in. 
test sections in loop 6 survived test traffic under both single and tandem axles with a 
serviceability index of about 4. 0-only slightly below performance at third and fourth 
levels. 

3. There were wide variations in performance at the second thickness level in all 
four loops. 

4. At the second thickness level in loops 5 and 6, more than half the test sections 
performed as well as third and fourth level sections. 

5. At the third and fourth level in all four loops, performance was very uniform 
and very good for both slab designs, all three subbase depths, and under both single 
and tandem axles. 

Authors' Comments.-The previous study (1), this study, the Road Test Re­
port (3), a subbase experiment under highway traffic (4), laboratory 
studies (5) and results of pavement performance surveys (6) all show 
that concr ete highway pavements perform as well or better- on 3- to 6-in. 
subbases as on subbases more than 6 in. thick. This evidence shows that 
subbases more than 6 in. thick are not required to insure the performance 
of concrete pavements. 



I st Thickness 

Des ion 

Sec, 
No. Slob Subbose 

Depth 

In ches 

/95 El.2.L!l 3 
-
/9(,, -
Z39 C 6 .__ O ..;, ,.._ 
:Z4o ~!!! - ,; 
213 • 9 - 0 

" .Z/4-

209 ~ 3 -
ZIO -
:zo5 C 6 -- ~~ :zo, 

~~ -
231 . 9 - ~ 

" :z~z 

1st Thickness 

Oesion 

Sec 
No. SI ob Subbose 

Depth 

Inches 

513 ~ 3 
-

514-- ~ 

S"l7 6 - 0..: ,.._ 
S-18 ~!!! -Sos-

,; 
9 • - 0 

" s-o, 

523 Re inf. 3 -524-

,p// C 6 - 0.: 
4-'12. 

, "-
.,,a - ~..,. 

S4-9 .; 9 - ~ 
.S:,o 

C 

LOOP.2.... 

TABLE 4 

CONCRETE BEHAVIOR 

Isl Thickness 

Petlormonce Design 
Serviceobllily Repefi1 ions 

Ar.le al slort of 
Loads crockino End Rep. 

* Of Al 
1000-S 

Sec. 
No. Slob Subbose 

Oeplh 

Test 1.5 Minor Major 
lndu lndu Class Clon 

Kipi. IOOO·S I 6 2 364 Inches 

/25 - 315 /.22. 2.34- ~3 E!.9.l!l 3 
-

2AT - 3/8 /2o .ZB.2 M4-- ~ 

/25 - Z89 1= Z73 rA-7 C 6 - !!U: 
.2-4T - ZIO (34- 195 648 i~ 
125 - ,1.89 135 zoo 

,; 
9 C,77 • - 0 

" 24-T - 297 /Ot:, 195 (,78 

IZ5 - 278 /Z2. 273 ,a1 ~ 3 -
.2-4-T - 278 /2.0 z., (,8Z -
/,Z:S - 273 98 135 &61 6 - 0 ...: 
:2A-1 - .Z'l5 79 /Bo 

l:Z.5 - 3:Z4- / 83 ;Z,89 

- :z.94-;24-T JZo 2•• 

G,62 
, "-
,,a 

~ 
'; 'It" 

9 
~ 
" '+ 

LOOP2... 

I st Thickness 

Petlormonce 
Serviceobi llly Repetitions 

Ar.le al start of 
Loads crocking 

End RtP~ 

* Of Al 
1000-S 

Des ign 

Sec. 
No SI ob Subbase 

Depth 

Test 1. 5 Minor Major 
lndu lndu Closs Clo ss 

Kips IOOO·S I 6 2 364 Inches 

2.2-4-5 - 7(,o ~9 7oz 353 ~ 3 
-

,µ,T - 335" 3:,,4 3:2? 354-- . 
2.2 -4-5 - c39'5 .;,0 ,,0 393 C 6 - 0-' ,.._ 
-4,oT - 3G9 337 337 394- ~!!? --.2 2 ,4-5 70.5 -4-4-5 --4--4-C, 

,; 

~ • 9 
0 

" 4,oT - (,98 :Z'/1 337 370 

22.4-5 - B9B z,B e,t;;8 34-1 ~ - 3 -
4-oT - 70? 273 '3? 3-4-L -2:Z-4-5 - 369 Z68 3oB 385 C 6 - 0~ 

4oT /8 3 - 305 .291 

;z:,.4-S - 708 // 339 

38G 
, ... 
.,,o - .! " 

347 . 9 - ~ 
4-or - f#/6 291 " Z9 I 348 

*S •Single, T=Tondem, R= Replicate Section 
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LOOP-±. 
5 in . . 

Pe rlorm onu 
Serviceability Repelition1 

Axle of start of 
Loads crockinQ 

End Rep, 
1000-s * or Al 

Test 1.5 Minor Major 
lndu lndu Closs Closs 

Kips IOOO·S 182 364 

/85 - 71(, -2-74- 3.2.5 

32.;r - 34-3 '2-1'1 .2. 9 / 

/85 - 353 .235 272 

3ZT - 3.2.8 Zof .Z36 

/85 - .2.-r1 .2.7-4- .2.92. 

32.T - .289 .Zol .Z7SJ 

/85 - -¢,/ 5" 0 292. 

3ZT - 30-1'- /66 .2'1/ 

/85 - 325 0 306 

3ZT - l7S- 0 /68 

/8;5 - -,92.. /36 ..338 

3.2.T - -4-oB .2,0/ 33';/ 

LOOP£ 

8 in. 
Perform once 

Serviceobllity Repetitions 
A11:le at start of 
Loads crocking End Rep. 

* Of Al 
1000-s 

Teti 1, 5 
Minor Major 

lnde,. lndu Closs Closs 
Kips 1000-S 16 2 364 

30:S - 87B .2.9 735 

4-8 T /.8 - 81-4- 997 

30.5 3.9 - 900 /Joo 

4--8T -4-,/ - NoAle Alc,N£ 

3os :,.4- - .Z9 952. 

4-BT - II 14- 758 814-

30:5 - 7B2. .:Z.9.2. 1,35 

-4-BT - 0/8 ;2,,:,. 431 

3oS - 974 .,35 807 

-'18T - -4,15"° 2~, 353 

.3o5 - 768 .27-4- 70, 

-4-8T - t2A- a, 38.5 
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2nd Thickness 

Desion 

Sec. 
No Slob Subbose 

Depth 

Inches 

22-5 ~ 3 -:Z.Z.l, 
I----

:2-4-5 
~ 

6 
:Z.2-/ C - ~u: ;i.4, 

2..22. .., "' .-
I---- -. 
Z.I'/' ~ 9 - 0 

2.20 

2-51 
~ 3 

-2<>3 -
z.52. 
::>o~ - " 
19/ 

C 6 a~ - , ... 
19:Z.. ..,o - ~,.,. 

:,_33 ~ 9 - 0 

::..3-1-

2nd Thlckneu 

Desion 

Sec. 
No. Slob Sub base 

Depth 

lnchet 

.?4-7 f.!.9l!!. 3 
I----

5+8 ,._ 
,5i1? 6 
:,J.J C 
,- 0-' 
f-fC) 

,.._ 
5"34- .., "' ,._ ~-
$07 ~ 9 - 0 

>08 

.51Y R1inf. 3 
72-{ 
I----

S-;20 

S-22.. 
,-
50; C 6 o-,- ,.._ 
502- ..,o 
,- s;v 

ff.iii s 9 
0 - 0 

532-

LOOPL 

TABLE 4 

CONCRETE BEHAVIOR (Cont'd.) 

5 in. 2nd Thickness 

Parlormanct Oeslon 
Serv luablllly R1pe,11ions 

A1tle al start of 
Loads crackino End Rep, 

* or Al 
1000-S 

Sec, 
No Slob Subbose 

Depth 

Test I. 5 Minor Major 
lndu Index Clou Clou 

Kips 1000·5 I II 2 3114 lnc:h11 

/.2-5 .,_ 7 - /OZ-/ /OL/ G-19 ~ 3 
-

.;i.+T - 7oS .z,:,,; .:i.n 650 -
/;L:5 3,S- - Jo:Z.I 988 697 6 
:;e 3 ./ - 77.S 8/0 .,ss C - 0..; 

.:V,-T .2-,8 - 870 93:Z. 698 , ... 
12. - 901 8? 345 e,S6 

..,., .-- • /.:,..:5 3.7 - :Z.73 3.z4 703 ~ 9 - D 

.::z+T - 771 .26• .2.'l;I 7<>+ 

/25 .:,.8 - II 337 

R +.o - .2 er 870 

t,+( 
~ 3 

7oS -
::,,,J-T - //00 .2." ,f;l,8 &4-2. 
R.. - 10-H. .;l.8 870 706 -
1= - 7-2 . .5 .Z73 38.,5 l.BS C 6 ·o ... - ,.._ 
;,,4-T - C, 3/ .2.82. 3133 G8< ..,o . .., - -. 

/.2....:5 3-3 - .200 13,% &S'3 ~ 9 - 0 

-2-+T - 79.3 .213 772- (,54-

LOOP.2... 
8 in. 2nd Thickness 

Perlou.-.or,c e Des ion 
ServiceobiUty Repetitions 

A, le al star! of 
Loads crocking End Rep 

* Of Al 
1000-5 

Sec. 
No. Slob Subbose 

Depth 

Test 1.5 Minor Major 
!n':!e~ tr.~o.:. t.:ton (;IOS~ 

Kips 1000-s I II 2 3114 Inches 

Z..2-4-5 4 ,::,_ - t./oNE Nol'IC 35/ ~ 3 -
,¥-oT 4. 2... - 409 tl•t-!c 352. -::z.2. ,45 4-, 2... - NoNC /vtJNC 367 6 

£ -1-•I - 79 ,voNE 389 C - 0..; 
...µ,r 3. 7 - 808 809 

,e +,2... - 982 Nol'le. 

368 , ... 
390 ""' .-

I---- -. 
22 ,4-5 - //// 902- 90.3 375 ~ 9 - 0 

feT - 898 No.Vt= 870 37{. 

2;,.,4-5 - II 04' 2137 730 

R. 4-,3 - lo 7 },/t,Ne 

38/ 
~ 3 

371 -+oT - 91$" 273 73,: 382 

R +.3 - /07 ;,.le;>/£ 372 
I----

;z;, 4-5 -4-.o - :u,B /oS,:2... .¢<,3 C 6 0~ - ,.._ 
4-oT - 9ol :,_73 73,: 4-a4- ~" 

I---- -;• 
:u .4-.5 +.t - G? NoNC:. 339 ~ 9 

I---- 0 

-4-<JT ..3-:?.- - .:29/ /074- 3,1-o 

*S • Sin9le, T= Tandem, A• Replicate Section 

LOOP±.. 

Performance 

Serviceabitlty Repetition, 
Allie al start of 

Loads crockino End Rep, 
* or Al 

1000-S 

Test 1. 5 Minor Major 
Index lndu Clan Clan 

Kips 1000·5 I S, 2 3114 

/8S 3,8 - ,Vo,vE. 988 

3.2-T - '89 NtJNL= -4-o.!J 

/85 +·+ - NoN£ ,A./<J/VE: 
,e .f-,3 - ,v'Ol'le NoNe 

3-;;..T 3,-4- - /0.2.I /()2,./ 

,e - /ooo 836 83,;. 

/85 3,0 - 988 988 

3:LT - 7.22 86 ,:,71 

/85 3.3 - :,_7+ 8 /0 

,e 3. 6 - 27+ e,10 

32.T .:,.,; - .>-73 8/0 

12 - 793 :,_73 707 

/8:5 3,-4- - ..:J.52. 8/0 

32T - 79, .2.73 774-

/85 /,B - 274 ~03 

:J;;,.T - /036 2_73 810 

LOOP-2.... 

Per-to,monce 
ServiceobiUly Repetitions 

AJ.le at start of 
Loads End Rep crockln9 
• Of Al 1000-S 

Test I. 5 Minor Major 
In~!!.!!. ln.d..e:. 

Kips 1000-s 
<.:lass Clas, 
I II 2 3114 

30S 3,6 - ?oo 104-9 

49T 3./ - ~9+ 7.Z.2-

305 -4.3 - 983 NtJ/v6 
.e 4- ,3 - Bo ,A/tJ/1/C: 

4-8T -4. 3 - 907 #lJN'£ 
1G -4-,3 - ,A./()/1/i!; Nt:JNfE 

305 +-2. - No,ve Notve 

+ar 4,,3 - ~o No/V~ 

305 4-. .S" - 92,13 NorN5 

1G /.C - 3.Z;i 77+ 

4-BT + -4 - 324- N.?NE 
e -4,./ - 34-o 93C. 

3o:5 4-.o - .z~o 900 

4-ST -4,.o - .z,, 79t! 

305 .2,:Z.. - .Z74- 774-

-4€3T - 912. /2.o 7$8 
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TABLE 4 

CONCRETE BEHAVIOR (Cont'd.) 

LOOP.a.. LOOP.A. 
3rd Thlcknnt 3rd Thlctrnen 8 in. 

Design Pulormance 
su~iceabillty Repe1ition1 

Sec Axle or start of No. Slob Sub base Loads crockino 
End Rep. 

Depth • 01 Al 
I000-S 

Design Performonc1 
Serviceability Rtpt1 ition1 

Sec AJ1le at start of No. Slab Sub base Loads crocking 
Oeplh 

End Rep 
I000-S 

* 01 Al 
Tes I I. 5 Minor Major 
lndu. lndu Closs Closs 

Inches Kips I000·S I II 2 3114 

Test 1.5 Minor Major 
lndu lndo Clan Clan 

Inches Kips I000·S I 112 3114 

2,/7 fJ..Q.!.!l 3 /:2-:5 4-.4- - Jo 7 NoNE r;,71 ~ 3 (8 :5 4-.+ - Bo NONE! 

IB 12. 3.9 - 324- /V()A/f= (,,87 R. 4-. .s- - Na Ne A/t)NE - -
2-15 2,vr 4.2.- - NONE No/Vt: <72.. 32T 4,. I - NoNE NON~ 
I 94- e 4.0 - NoNE ;Vo/VE t.88 12 -4,.2 - 79 ,vo,..;£ - - C 

:,.4-9 o- 6 12:5 4,./ - 70 ,r,/o,NE , "-- 6,83 0 _,; 6 /85 4-.4- - Nu/Vt= /V~NE , "--!:~ 2..50 .; ;J,4,T 4-. ( - NONE No/Ve - ~ 207 0 9 1.2.5 4-,2. - #ONE NoNE 
I-

~ ,n 
6,84- ~ - 32T 4- , 2... - 5 Notv€= - .; 
,>.5/ ~ 9 185 4-.3 - NON~ NotJe 0 -

;208 .24-T 4-.o - NoNE: No/\/E" t,52. 32.T .4,./ - /,Jo/J EE ,,VON£ 

/99 Re inf, 3 I.Zs 4-:Z - 28'1 N<Wc r;, 9/ Rt inf. 3 (B:5 3. 9 - :Z74- 8/0 
I- ,---
:zoo .2-4-T ,4.( - .z.,;.,;; 8,;;7 C.92. 32-T +.o - ::Z.73 989 - f----

.:J.A-7 6 1.25 4.3 - .Z.73 Nor./e cc,9 6 185 4,4- - 2,74- /0.2.( 

237 C ,e 4,.~- - C:O3 NcJ/VG - ~t 
24-8 ~a .24-7' 4,.3 - C.o o B9o 
.238 •" /2 4-. 1 - 735 7 72. - -. 

7o7 
~~ 

€ 3,9 - ::z..74- 988 -
670 ~o 3:2..-r 4.4- - .273 /O-',/ 
708 ... 12 3.8 - :2.73 989 - .; 

.z+! ~ 9 /.:Z:5 4.4 - 32A- ,N'o,ve: 0 
t-

<-9S ~ 9 /85 4,3 - .274 988 
0 -

Z4,2, .:,.4-, 4-,4. - .332 901 C9C: 32, .+.Z - /~8 989 

LOOP...2.. LOOP~ 
3rd Thickness 3rd Thickness 11 in. 

Design Pttform.once 
Serviceability Rtoet Ili on, Sec, 

Aile al storl of No. Slob Subbose Loads crockino End Rep 
Depth 

* 01 Al 
1000-S 

Design Pufo mane • 
Strvlc1ablll11 Rtpe1irion• Sec_ 

No. Axle of slorl ot 
Slob Sub base Loads End Rep crockino 

Depth 
* 01 Al 

1000-S 

Tes! 1.5 Minor Major 
Index lndu. Closs Closs 

Inches Kips I000·S I II 2 3114 

Test I. 5 Minor Major 
lndu lndu Closs Clou 

Inches Kips I000-S I 11 2 3 &4 

5/1 ~ 3 .22-4-5 +.+ - J\laNE N<:JNe 377 ~ 3 305 4-.:z.. - NoNC. A/tJ;'Je 

s+1 .e. 4-.3 - NoNE NoNe 3,;.3 12 4.+ - No,ve 11,/tJNLE - t-

S-/2.. 4-o, 4,.3 - /VON£ /vb/\ll:: 378 48T 4 .3 - /VoNE N<JNE 

5'4-2- JZ 4-.2 - 9oS ,1,/otve 3,:;4, 12 4-.3 - NONE NONE 
I- C - C 

5:>.5' 0.., 6 2.2-4-5 3,7 - 803 83/ , u. 397 0 ~ 6 305 4-,2. - No..VE 1Vt0N5 , "-- ~"' 
5'2,{, .- -4-o, 4,0 - 771 808 .____ -. 
S3S ~ 9 = •4-5 +.s - 6.9 NoA/E: 0 

- ~"' 
398 .- 4-BT 4-,3 - ,A./aN;!E jl/ONB - .; 

3,;;5 ~ 9 3o5 .4-.3 - N0AIE ,<Jo,ve 0 -5"3C. 4o-r 3 , 8 - 9.Sf 982- 3,:,, -1-BT 4,.3 - /../otJE A./o)./e' 

5->3 ~ 3 .z;,.4 5 ..4,3 - 98 /o5z. 391 Re in f. 3 30 :5 .4-.4, - 3.2,7 N".AJE - -~5+ ,4.o, 4-,/ - 2o/ 982 392,. 48T 4-,4- - 34-0 NoAI~ - --S-4;1 6 :LJ. .4-.5 4 . ., - /05Z.. NON€ 337 6 3os -4,. o - ;2,92,. ~07 
So3 C I<. 4,3 - :,..,8 ;v'OtJE' - ~~ 
S-4+ ~o 4-0, 4-,3 - +i:. ~ON€ 

So+ ~ .. e 4-.:, - .:,..73 No,vc - • 
499 ~ 9 LJ.4-5 4,4 - ;:J.C.B /018 ..,_____ 0 

345 C € 4. 3 - 2.92. AitJNE 
t- ~~ 
338 

vO 
4B-r 4-. I - :z.4-s ,V,:>A}E: 

34-G ~ .. 12 .4,,2. - :2..«~ No,Je - .; 

34-3 ~ 9 3os 4-.2. - 34-I ;,Jo;J,e - 0 

§oo 4a, 4-., - .273 ,<loAlG 344- 4B, ,+. I - :u,, 99 7 

*s •Si n9le, T=Tandem, R•Replicole Section 
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4th Thickness 

Onion 

Sec. 
No. Slob Subbose 

Depth 

Inches 

Zo/ e.L9l!l ) 

-
zoz -
2,:;5 c 6 ,____ ~-= 
23<.o ~!!! I---

/85 • 9 • ,___ 0 
Cl 

/BC, 

2// ~ 3 

-
212 -
215 C 6 - 0 .: ,.._ 
21, 

~i -
/97 ~ 9 - ~ 
l'J8 

Cl 

4th Thickness 

Des ion 

Sec, 
No. Slob Sub base 

Oeplh 

Inches 

529 ~ 3 
-
530 - ~ 

4-97 C 6 ,___ 0 .: , "-
4-98 

~!!! ,____ 
S'o9 • 9 
~ 0 

Cl 

S'!o 

S'IS ~ . 3 
I----

S'IC, 
1----

5,4-.> C 6 
1---- 0-: 
S+? 

, "-
~o 

I- -;..,. 
495 9 
1---- ~ 
49~ 

Cl 

LOOP.d... 

TABLE 4 

CONCRETE BEHAVIOR (Cont'd . ) 

8 in. 4th Thickness 

Performance Design 
Serviceability Repetilions 

A11.le ol slort of 
loads cracking End Rep. • 01 Al 

1000-S 

Sec. 
No, Slob Subbose 

Oeplh 

Tut 1. 5 Minor Major 
lndn Index Closs Closs 

Kips IOOO·S I 6 2 364 Inches 

/Z5 4-,4- - J,,loAIE No,Ve.., C:,75' ~ 3 
1----

:z.4-r 4-.3 - /OC. ;Jo#L= e,7., 
1----

/2.5 4-.3 - 48.z_ !,</",<I-"" 7ol C 6 - 0..: 
~ "-

24-T 4-.3 - /V"oAl.e )./ONE: 

/25 ,4-," HoAle Alo,<Je -
7oz 

~~ -
(,,89 • 9 - 0 

0 

.z+r 4- ,2. - ,,v.-,,ve: /Jo.VG , 9o 

/25 ,;/-,3 - :Z.89 ;V"~"" c.+5 ~ 3 
I-

;zA-T 4. I - C,oo 1..Jo,.le-- 64-<, 
I-

/2.:S .4,.Z, - .27.:J /o.ZI tes- C 6 
1---- 0 ~ 

24-T ,4-,o - .2A4- /cJI/ 

/:Z.:S 4. / - .ZB9 ;o.5S' 

C.6C, 
, "-

1---- ~~ 
.,67 w 9 - ~ 

.24-T 4,3 9.5'3 A/oµC - M,B Cl 

LOOP..2.. 

11 in. 4th Thickness 

P1f'lormonct 

Serviceability Repetitions 
Axle at start of 
Loads crocking End Rep • 01 Al 

1000-S 

Design 

Sec 
No. Slob Subbose 

Oeplh 

Test 1. 5 Mino, Major 
Index lndeK etc~:. C!.:i:::: 

Kips 1000-S 1 62 364 Inches 

Z.2.4-5 +. 1 - 702- 986 395" E.!..9.l.!l 3 
1----

4oT +-3 - 90.S- ,'fo,./c 39,1, 
,-

22.,-4-5 4.S' - //O,JE Ala,JE 

,4,CJT 4-.S - Nolvts ,Jo,v& 

34-9 C 6 ,- 0-' ,.._ 
350 ~~ -2-2,4-5 4, . .> - ;J<J;,/t= t,./o/V& • 37? • 9 
~ 0 

0 

4-oT +.+ - /Jo,.;e. /JONE= 38o 

,2.;2.4,5 4.1 - 287 /t:J/8 35? ~ 3 
t---

4-or ,4.,,3 - :29/ IJ"N'= 3,:;o ,__ 
2-::Z,4-5 4-.4 - IO S°.2 No NE 3.>S- C 6 

+or - No,Je ,4. ,3 2,73 

2.245 ,4.,4 - .AJaAle ;Jo,<1££ 

- ~ ~ 3,,; 
]~ -

357 . 9 ,__ ~ 
+o-r 4.4- 7c-.7 AioAI& - 3S'8 

Cl 

* S =Single, T: Tandem, R= Replicate Sttlion 

LOOP± 

Ptrformonc1 

Serviceability Repetilions 
A•le at start ol 
Loads crockino End Rep , • 01 At 1000-S 

Tes1 1. 5 
Minor Major 

lnde,. Index Closs Closs 
Kips; 1000-S 162 364 

/85 4 . z - 2.9 l,,J..ia,V& 

32.T .+.o - A}OAIIE No/1/E 

155 4,.5 - /C.;' .A.loNE 

32T 4.2_. - B• t-/o,Jf'! 

/BS 4./ - 7o No,VE 

3.2.T .4,.Z - MoNl:3 ,'-)oNEE 

185 4-. 0 ;z 74- 810 

32.T ,4,.o - 273 BICJ 

/BS 4-.S - 274- ,A./otve.. 

32.T 4-.3 - 2.73 /o..Z/ 

185 4,,3 - 2.-74- ,.f.,Je. 

3:z..T ,4. 6 - :,.73 /085 

LOOP--2'._ 

Parformonce 

Serviceobilht Repetilions 
A._le 01 start or 
Loads crocking 

End Rep. . 
Of Al 

1000-S 

Test 1.5 Minor Major 
lndu Index (:1!:!H Cl,,;,,;c,, 

Kips 1000-S I 6 2 364 

3os 4. 2 - 834- ,A/MIE 

.+Br 4,3 - C.S'B ,1/o,JE. 

3o.5 ,4-. o - ,'.)o,JE. /08/ 

48T -4-.z_ - 790 ,<Jo,JE 

'50:S 4-. 2. - NoNE- AJoNe 

.+8r 4.4- - ,<Jo,JE NCJNE 

3oS 4-,4- - /O/(, AJoAIE:. 

+Br 4-.3 - 790 tJo,JE= 

3o5 4-,Z - ~3,5 A.)~A)E:. 

48T 4-4- - 4-72- ,.JlJAIC 

30:S 4-,S- - NONI= AloAJe 

4-BT ,4-. 2-. - ,;;,_3 /02.9 
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In Figure 6, data on serviceability and repetitions are averaged for the three sub­
base depths. Bar graphs of these averages are shown for the two slab designs under 
single and tandem axles for the four thickness levels in the four truck loops. In this 
case, and in all other data summaries, averages include values from both factorial 
and replicate sections. 

At the first thickness level the graph records: 

1. About equal performance on plain and reinforced designs in loops 3, 4 and 5. 
2. In loop 6, the 8-in. plain design performed better than the 8-in. reinforced 

design. 
3. In all four loops, performance was better under single-axle traffic than under 

tandem-axle traffic. 

At the second thickness level the graph shows wide differences in performance: 

1. Under single-axle test traffic , the plain slab design performed better than the 
reinforced slab design in loops 3, 4 and 6. In loop 5 the reinforced design was slightly 
better than the plain design under single-axle traffic. 

2. Under tandem-axle traffic, the plain slabs performed better than the reinforced 
slabs in loops 5 and 6. In loops 3 and 4 there were only slight differences between the 
two slab designs under tandem-axle traffic. 

3. Performance was better under single-axle traffic than under tandem-axle traffic 
in loops 3, 4 and 5. In loop 6, performance was about equal under single and tandem 
axles. 

At the third and fourth thickness levels in all four truck loops, performance was 
equal and very good (serviceability indexes above 4. 0) for both slab designs under both 
single- and tandem-axle test traffic. 

In Figure 7, data on serviceability and repetitions have been summarized by com­
puting average values from all four loops for each thickness level. The bar graphs 
show mean values for both slab designs under single- and tandem-axle test traffic. 
Figure 7 shows: 

1. At the first thickness level the plain design performed better than the reinforced 
design under both single- and tandem-axle truck traffic. 

2. At the second thickness level the plain design performed better than the re­
inforced design under single-axle test traffic. Under tandem-axle traffic, performance 
was equal for the two slab designs. Here average values tend to mask the differences 
in performance shown in Figures 5 and 6. 

LOOPS 3, 4, 5 and 6 BY THICKNESS LEVELS 

I st Thickness 2nd Thlckneu 3rd Thlokncu 1 TMckness 
( 12 Sections ) ( 16 Sec1ions) ( 16 Sections) (12 Seel ions) 

I SIIIGLE TANDEM S IIIOLE I TANDEM 5 1NGl£ TAHDUI $! NOL£ TANOEI< ! 
5 ,-----.------,,----,-----,,----,---,r----.--~ 
4 l----+----l+----+----11-l - .,_ ... _,..., _ __,,,.._,, ... ,_,,~,_..., , _ __, 

3 1---- +-----il--t 1--11<'1-I------IH i-- -1- 1- - -
2 1-=~- +----!H >- - - - I- 1--1- I- - - -, 

:c l( 

0 ~ 

-~ £ 

oj ~21 ·H-+-- --+<,1-,_+,_++,___,';I-IH-1->----i;4--1--1-1-.,.._----i;"l--ll-++>-- ~•---l1--+-1-1--1;1•·J-ll-+-+---J.o.t-+++----1~---ll 

~ - - - - - - - t~ 
4 - 1-- ~ ~i I-- - - - aO 

' ~ ~8 
6.Hl---+-----tt- ~ ,__ ~ - ~ -- - ; 0 

81----+-----fH 1-- 1- _ 8 - ~ -_ ~ - i Q 

101----+----fH l-!111-11---=-IH 1-- - ~ 
End of test traffic 

Plcin - c:::==i Reinforced- ~ 

Figure 7. Summary of serviceabi l ity and repetitions , concrete test sections (fac t orial 
and replicate) . 
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3. At the third and fourth thickness levels, performance was equal and very good 
(serviceability indexes above 4. 0) for both slab designs under both single- and tandem­
axle truck traffic. 

4. At first and second thickness levels, performance was better under single-axle 
test traffic than under tandem-axle test traffic. 

5. At the third and fourth thickness levels, performance was virtually identical 
under both single and tandem axles. 

The data presented in Analysis of Concrete Performance on end of test service­
ability can be summed up in three conclusions: 

1. At first and second thickness levels the plain slab design performed slightly 
better than the reinforced design. However, at the third and fourth thickness levels 
both slab designs showed equal performance. 

2. At first and second thickness levels performance was consistently better under 
single-axle test traffic than under tandem-axle test traffic. However, at third and 
fourth thickness levels, performance is equal under both single- and tandem-axle 
test traffic. 

3. Performance is the same at the third and fourth thickness levels. 

Authors' Comment. - These conclusions are in conflict ,-ri th 
the Road Test performance equation for concrete (3). This 
equation shows: -

1. Equal performance for the two slab designs, re­
gardless of thickness level. 

2. Better performance under single axles than under 
tandem axles, regardless of slab thickness-load relation­
ships. 

3. Increasingly better performance as slab thickness 
is increased, regardless of thickness level. 

CRACKING 

Table 4 gives the number of repetitions at which minor and major cracking started 
for all Design 1 test sections in the four truck loops. Minor cracking (classes 1 and 2) 
includes cracks not visible at 15 ft under dry surface conditions and cracks that could 
be seen at 15 ft but showed only minor spalling or crack widths less than ¼ in. Major 
cracking (classes 3 and 4) included cracks that had opened more than ¼ in. , and had 
spalled or had been sealed. Examples of minor and major cracking are shown on 
page 124 (3). 

The data show that cracking started in many reinforced sections during the early 
fall of 1959. Cracking was first observed at 273,000 or 274,000 repetitions in 31 of 
the 112 reinforced sections in loops 3 to 6. The data also show that cracking started 
in 57 percent of the reinforced sections between 250,000 and 300, 000 repetitions. Data 
from the first thickness in loop 3 were excluded because five of six sections dropped 
to a 1. 5 index before 300, 000 repetitions of test traffic. Values for thickness levels 
are first thickness level, 56 percent; second thickness level, 59 percent; third thick­
ness level, 59 percent; and fourth thickness level, 50 percent. It was concluded that 
the road test environment had a major influence on the start of cracking in the re­
inforced test sections at all four thickness levels. 

Authors' Comment.- The cracking started in an environment 
similar to one that is believed to have caused high stresses 
due to restrained warping on another experimental project­
the Arlington Test Track (1), In both cases: 

1. There was a period of relatively low precipitation 
likely to produce a firm subgrade. 

2. There were fairly low minimum night temperatures 
likely to keep the subgrade and the bottom of the concrete 
cool. 



52 

3, There were fairly warm sunshiny days likely to cause 
rapid increases in temperature on the top surface of the con­
crete and a much higher temperature in the top of concrete 
than in the bottom. 

When these conditions prevail, the top of the slab tends to 
expand and warp the slab downward along the slab edges and 
at joints . The expansion and downward warping are resisted 
by the subgrade, producing tensile stresses in the bottom of 
the slab. These stresses tend to reach a maximum value at 
about l 5 to 20 ft from a joint or edge (Q), 

It is not known whether stresses due to restrained warping 
(in combination with l oads) caused the start of cracking in 
the reinforced sections at the Road Test. However, the crack 
pattern that did develop is an integral part of the experi­
mental t est results. This means that the experimental data 
show the performance of a group of reinforced test secti ons, 
50 percent or more of which started cracking during a brief 
fall period-in spite of wide differences in the ratios of 
loads to slab thicknes ses . 

In some states, reinforced pavements do not develop a crack 
pattern like the one that occurred at the Road Test. This is 
true of reinforced pavements 8 to lO in. thick on 4- to l 2-in . 
subbases after l0 to 20 years of service on projects carrying 
large volumes of heavy truck traffic. These pavements do not 
have visible cracks. The very few cracks that do occur are 
isolated between l ong sect ions without cracks and are usually 
associated with abrupt changes in subgrade support, rather 
than climatic environment. In states where reinforced pave­
ments do not exhibit cracking, except at isolated locations, 
Road Test performance on the reinforced sections will have 
little or no application . 

The data on major cracking in Table 4 have been summarized on bar graphs in 
Figure 8. The bars show the percent of sections without major cracking and average 
repetitions at the start of major cracking for the two slab designs by thickness levels 
and loops. With regard to major cracking, Figure 8 shows: 

1,Ahont <>q_n<>l p<>.-fn.-mc,n('Q nn fir<>t thi,..kn<><:C: 1P'7Plc: PY('Ppt th,:it thP plain rli:>s:ign 

showed slightly better performance than the reinforced design on the first level 8-in. 
test sections in loop 6. 

2. At the second thickness level, performance was about equal in loop 3. In loops 
4, 5 and 6 performance was better on the plain design than on the reinforced design. 

3. At the third thickness level, performance was better on the plain slab design 
than on the reinforced design in loops 3, 4 and 6. In these loops no major cracking 
occurred on the plain design, but 62 to 100 percent of the reinforced test sections had 
major cracks. In loop 5 the percent of slabs with major cracking was equal, but the 
average number of repetitions to the start of cracking showed a slight superiority for 
the reinforced slab design. 

4. At the fourth thickness level, performance was better on the plain slab design 
in loops 3 and 4 and about equal in loops 5 and 6. 

5. Overall performance showed about equal performance on 7 of 16 load -th'ckness 
combinations. In one case (the third thickness in loop 5) performance was slightly 
better on the reinforced slab design. In the other eight load-thickness combinations, 
performance was superior on the plain design, with five of these eight combinations 
showing no major cracking. 

It was concluded that the plain slab design showed definite overall superiority to 
the reinforced design with regard to major cracking. 
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Figure 8. Major cracking- class 3 and 4-concrete test sections (factorial and replicate). 

Authors' Comment1 • -Major ( class 3 and 4) cracking was used 
in computing serviceability indexes. However, where the ser­
viceability is about equal , a pavement without major cracking 
should be a better maintenance risk than a pavement with these 
cracks. It is true that there are more joints to maintain 
with a plain slab design. However, with a short joint spacing 
there is less movement at the joints and this t ends to reduce 
the amount and frequency of maintenance required. Also, main­
tenance costs are usually higher for spalled or otherwise de­
fective cracks than they are for joints. 

SUBBASE PUMPING 

This section deals with the extent and severity of subbase pumping at the Road Test 
and the relationships of subbase pumping to serviceability and performance. The data 
and analyses are on trace, moderate and heavy subbase pumping. (In the HRB data 
systems, trace, moderate and heavy subbase pumping are combined into a pumping 

½he limitations set forth in the comments on start of cracking in reinforced sections 
also apply here. 
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score. This score equals trace pumping, plus 10 times moderate pumping, plus 50 
times heavy pumping. In the Road Test Report the Pumping Index equals the Pumping· 
Score divided by 100.) These types (or intensities) of subbase pumping are not defined 
in the Road Test Report(~) or in the Data System on pumping (R4243). However, 
examples of subbase pumping are shown in Figure 9. 

Table 5 gives the data for all Design 1 concrete test sections in loops 3 to 6. These 
data are arranged across the table to make abridged section histories referenced to 
sub base pumping. 

With regard to the extent of subbase pumping in loops 3 to 6, Table 5 shows the 
following: 

Trace subbase pumping: (1) occurred on all Design 1 test sections. 
Moderate s ubbase pumping: (1) occurred on all first and second level test sections, 

(2) occurred on 95 percent of the third level test sections, and (3) occurred on 63 per­
cent of the fourth level test sections. 

Heavy subbase pumping: (1) occurred on all first level test sections, and (2) oc­
curred on 89 percent of the second level test sections, (3) occurred on 34 percent of 
the third level test sections (heavy subbase pumping was not severe on third and 
fourth level test sections), and (4) occurred on 21 percent of the fourth level test 
sections. 

A major part of the data in Table 5 is shown in Figure 10. The bar graphs are per­
formance histories showing Road Test performance in the truck loops up to the point 
heavy subbase pumping started. Serviceability and repetitions are plotted in the fol­
lowing order: (1) as constructed values, (2) at the start of trace subbase pumping, 
(3) at the start of moderate subbase pumping, and (4) at the start of heavy subbase 
pumping. 

When moderate or heavy subbase pumping did not occur during the test period, end 
of test repetitions and serviceability indexes were used. 

Bar graph histories are shown for the plain and reinforced slab designs, under 
single and tandem axles and by thickness levels and loops. The bar graph values are 
averages for the three subbase thicknesses. 

Study of the bar graph histories in Figure 10 shows that: 

1. Prior to the start of heavy subbase pumping there were no significant differences 
in serviceability on the plain and reinforced slab designs at any thickness level. 

2. Prior to the start of heavy subbase pumping there were no significant differences 
in serviceability under single- and tandem-axle test traffic at any thickness level. 

3. There was an initial loss in serviceability of about 0. 4 prior to, or at the start 
of, trace subbase pumping. On most sections, trace subbase pumping started at 
101, 000 repetitions. Further study of performance histories showed that on most 
sections the initial loss in serviceability reached its low point at about 100, 000 repeti­
tions regardless of number of repetitions at which trace subbase pumping started. The 
initial serviceability loss occurred during the first period of spring weather after 
traffic testing started. Concrete pavements in service often exhibit lower serviceabili­
ty during the first spring period than during subsequent spring periods or during other 
periods in the yearly weather cycle. 

4. Prior to the start of heavy subbase pumping there were no further significant 
losses in serviceability at any thickness level. 

To further check these conclusions, changes in serviceability between the start of 
trace subbase pumping and the start of heavy subbase pumping were computed. Where 
heavy subbase pumping did not occur during the test period, the end of test service­
ability values was used. These computations are given in Table 6. 

These mean changes (Table 6) do not show a significant loss in serviceability and 
hence support the conclusion that no losses occurred prior to the start of heavy subbase 
pumping. 
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Figure 9, (a) Test section where sub­
base pumping had not occurred; (b)trace 
subbase pumping along full length of 
test section; ( c) initial stages of 
moderate subbase pumping; (d) initial 
stages of heavy subbase pumping; and 
(e) severe stage of heavy sub base 

pwnping, 

, .. --

(e) 
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TABLE 6 As a further check on the conclusions, 
the mean losses in serviceability were 
first computed between the as constructed 
values and at the start of trace subbase 
pumping. Mean values for the fourthick­
ness levels are shown in Table 6. It is 
significant that these initial serviceabili­
ty losses changed very little between 
thickness levels and did not decrease as 
slab thickness increased relative to load. 

CHANGE IN SERVICEABILITY 
BETWEEN THE START OF TRACE 
AND HEAVY SUBBASE PUMPING 

The next step was to check the validity 
of the following statement: 

On all Design 1 concrete test 
sections in loops 3 to 6 there 
was an initial o.4 se rvice­
ability loss up to the start 
of trace subbase pumping, and 
there was no further loss in 
serviceability prior t o the 
start of heavy subbase pump­
ing-or during the test period 
on sections where no heavy 
pumping occurred. 

Thickness Level 

1 
2 
3 
4 

All 4 

Change Mean 

-0.10 -0.37 
+0.08 -0.43 
-0.20 -0.41 
-0.01 -0.42 
-0.02 -0 . 41 

To check this statement 0. 4 was subtracted from the as constructed serviceability 
index of each test section and the standard deviation was computed between this value 
and the serviceability index at the start of heavy subbase pumping-or the end of test 
serviceability index where no heavy subbase pumping occurred. Values were com­
puted for the two slab designs and the two axle loads at each thickness level. Results 
of these computations are given in Table 7. These values show quite uniform concrete 
performance and no significant differences between the variables of load and design. 
The values support both the statement and the other conclusions. 

The mean replicate difference in serviceability was 0. 14 at the start of trace sub­
base pumping and 0.18 at the start of heavy subbase pumping, or at the end of the test 
where no heavy subbase pumping occurred. These replicate differences also show 
that concrete performance was quite uniform and that the deviation values are reliable. 

Thickness 
Level 

1* 
2 
3 
4 

Authors' Comrnent.-The data and conclusions on subbase pumping 
+.h11c f'~r prPC: P Y'l+.Prl Al"P A+. VAY'; Al'"l('P ,.,,; +.h + .hP P o .oil '11.oc+. pp-rf'nrm_ 

a.nee equations in the following respects: 

1. The equations fail to show the initial loss in service­
ability up to the start of trace subbase pumping. 

TABLE 7 

STANDARD DEVIATION IN SERVICEABILITY 

Plain Reinf. 
Mean 

Single Tandem Single 

0. 12 0.10 0.10 0.14 
0.20 0.27 0.20 0.22 
0. 20 0.17 0.17 0.14 
0.20 0.17 0.14 0.24 

Tandem 

0.14 
0.10 
0.22 
0.24 

*Data from the first level in loop 3 were omitted because all three types of subbase 
pumping started at the same number of repetitions on nine of twelve sections. 



2. The equations fail to show that there were no further 
significant losses in serviceability prior to the start of 
heavy subbase pumping- or to the end of test where no heavy 
subbase pumping occurred. 

3. The equations fail to show the equality of performance 
on Design l test sections at all thickness leve ls prior to the 
start of heavy subbase pumping-or to the end of test where no 
heavy subbase pumping occurred. 

4. The equations fail to show equality of performance under 
single- and tandem-axle test traffic prior to the start of 
heavy sub base pumping- or to the end of test where heavy sub­
base pumping did not occur. 
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Table 5 shows repetitions to the first loss in serviceability-the point at which the 
serviceability index fell below 4. 0 and did not recover. (The performance history of 
Section 339 is shown on page 148 (3, Fig. 115). The first loss in serviceability oc­
curred at 775, 000 repetitions.) This is approximately the point at which concrete test 
sections began to suffer damage from the effects of heavy subbase pumping (probably 
from non-uniform subbase support). The work on repetitions to the first loss in ser­
viceability has thus far been limited to the first level test sections in the four truck 
loops. In Figure 11, the number of repetitions between the start of heavy subbase 
pumping and the first serviceability loss are related to computed stresses. These 
stresses (and others shown later) were computed for the maximum loop wheel load 
with a 20 percent load safety factor using the procedure described in the previous 
study (_!., ~. Figure 11 shows: 

1. Wide variations in the num-
ber of repetitions between the start 
of heavy subbase pumping and the 
first loss in serviceability. 

2. That average values varied 
at a nearly constant rate where the 
stress was between 513 and 845 psi 
(loops 3, 4 and 5). 

3. That there was a sharp in­
crease in average repetitions to the 
first loss in serviceability where 
the stress was less than 513 psi 
(between loops 5 and 6). 

Performance of the second lev­
el test sections are of special in­
terest because of the wide varia­
tions in their performance, par­
ticularly in loops 4, 5 and 6. The 
following is a summary of major 
differences in end of test service­
ability in these three loops: 

Loop ·4, Second Level, 6½ 
In. , Stress: 424 Psi 

Four sections survived test 
traffic with a mean serviceabili­
ty index of 4.1, only slightly be­
low end of test averages for the 
third and fourth levels. 

However, six sections 
dropped to a 1. 5 index at repe­
titions varying from 689, 000 
to 1,036,000. 
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Loop 5, Second Level, 8 In. , Stress'. 370 Psi 

Eight sections survived test traffic with a mean serviceability index of 4. 2-about 
equal to end of test values for third and fourth levels. 

However, five sections dropped to a 1. 5 index at repetitions varying from 898, 000 
to 1, 104, 000 repetitions. 

Loop 6, Second Level, 9½ In., Stress: 346 Psi 

Twelve sections survived with a mean serviceability index of 4. 2-again equal to 
terminal values at the third and fourth thickness levels. 

However, one section ended the test with an index of 1. 6 and another dropped to 1. 5 
at 912,000 repetitions. 

It is evident from this summary that concrete performance improved consistently 
as computed stresses dropped to values that are often used for design of pavements in 
service. (For concrete with an anticipated 28-day flexural strength of 700 psi, a stress 
of 350 psi affo r ds a fatigue safety factor of 2. O, the value used for more than 100,000 
load r epetitions in the PCA design p rocedure.) But why the extremes of performance 
in these second level test sections? It was found that the differences in performance 
were related to the amount, or severity, of heavy subbase pumping and computed 
stresses. These relationships are shown in Table 8. The second level test sections 
were divided into five groups. The first group had no heavy subbase pumping and the 
other four groups had increasing amounts (or intensities) of heavy subbase pumping. 
In Table 8 the amount of heavy subbase pumping is the accumulated percentage of sec­
tion length with heavy subbase pumping. The percent of section length with heavy 
subbase pumping was measured after each period of rainfall. The accumulated per­
centage is the sum of these values. For example, if on a given section these per­
centages were 10, 14 and 21 after three periods of rainfall, the accumulated percentage 
would be 45 (these values are illustrative only, not taken from Road Test data). If, 
on another section, these percentages were 80, 45 and 60 after three periods of rain­
fall, the accumulated percentage would be 190. Table 8 shows that as stress decreased 
the test sections were able to withstand increasing amounts of heavy subbase pumping 
without significant loss in serviceability. Mean values to the left of and below the 
heavy line in Table 8 are: 

Loop No. of Mean Serviceability 
Bectinns Index 

3 None 
4 4 4.1 
5 8 4. 2 
6 12 4.2 

Table 8 also shows that sections with a serviceability index of 1. 5 before the end 
of test had suffered the effects of severe subbase pumping. On 19 of 20 sections in 
this category, the accumulated percentage of heavy subbase pumping was 60 or more. 
Eighty percent of the 20 sections with a 1. 5 index before the end of test had accumulated 
percentages of 90 or more. 

Eight-inch concrete pavements are widely used on routes carrying heavy traffic. 
This led to preparation of detail performance history graphs for the 8-in., second 
thickness test sections in loop 5. These graphs are shown in Figure 12. The test 
sections are grouped together to illustrate the effects of heavy subbase pumping. 
Curves for the Road Test performance equations are a1so shown. Conclusions from 
Figure 12 are: 

1. Where the accumulated percentage of heavy subbase pumping was 60 or less, the 
8-in. second level pavements performed about as well as the third and fourth thickness 
levels. 
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LOOP 5- 22.4 KIP SINGLE AXLE LOADS 

2nd Thickness 8 in.Plain Pavement• 

I I 

/

,--Slorl of lror.e pumpinQ 
thl1 section 1.03 

/ SIJ or modornr,I ood hoa,y ,L,;ng 
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---- ---
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f\, 
\ 21----+----+----------+-----+-----+-----,..----,..----,..---...... - ...---,--,-- --, 
'\ 
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8 • 
Repetitions, 100,000's 

*Wllh doweled transverse joints at 15ft. 

& 

~ / 
rS ro.rt of trou c:iurnpln ;, Rono• all 1,0 1 I 
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A0l'lo0I 2,70 to :., 31 
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II 12 

8 in. Re inf Pavement* 
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Flt'ltlll percenloge 01 
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LOOP 5 - 40 KIP TANDEM AXLE LOADS 
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S1ort of trace pumping 
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2. Where the accumulated percentage of heavy subbase pumping was 60 or less, 
performance of the 8-in. test sections could be described by the following statement: 
At 100,000 repetitions of either single- or tandem-axle loads the serviceability index 
was O. 4 less than the as constructed values, and there were no further losses in ser­
viceability during the test period. 

3. Where the accumulated percentage of heavy subbase pumping was 90 or more, 
performance was as previously stated until heavy subbase pumping approached severe 
intensity. Severe heavy subbase pumping was accompanied by a rapid serviceability 
loss with indexes usually reaching a value of 1. 5 before the end of test. 

4. The performance shown in Figure 12 is at variance with the Road Test perform­
ance equations in the following respects: 

(A) They do not describe concrete performance prior to the start 
of heavy subbase pumping. 

(B) They give incorrect values for end of test serviceability where the 
accumulated percentage of heavy pumping was 60 or less (not 
severe). 

(C) They fail to show that performance was equal under single and 
tandem axles where the accumulated percentage of heavy sub­
base pumping was 60 or less (not severe). 

(D) They give incorrect values for end of test serviceability where 
the accumulated percentage of heavy subbase pumping was 90 
or more (severe). 

In the previous study (1) U1e relations hips of de sign depths to end of test service­
ability are s hown in chartform for the four truck loops. These charts (Figs. 18, 19, 
20 and 21 in Ref . 1) have been reproduced and revised to show end of test service­
ability for second level test sections that were not affected by heavy subbase pumping 
(sections to the left of and below the heavy line in Table 8 of this report). These re­
visions are shown in Figure 13. 

Figure 13a shows the relationships of design depths to the four thickness levels in 
loop 3. The PCA design depth and both the mean and range of design depths submitted 
by four agencies during the planning stage of the Road Test are shown on the slab 
thickness scale. In loop 3 all second level test sections were affected by heavy sub­
base pumping. As a result, no revision is shown. 

Figure 13b shows the relationships of pe rformance to design depth in loop 4. The 
right half of the second level bar graph (6½ in.) shows the performance of all second 
level test sections in loop 4. The left half shows performance of second level sections 
not influenced by heavy subbase pumping (accumulated percentage: 30 or less). These 
sections have a mean serviceability index of 4. 1 and show that both the PCA and four 
agency designs have a wide margin of safety. 

Figure 13c s hows r evised r elationships of perfor mance to design depth in loop 5. 
Here the eight test sections that were not affected by heavy subbase pumping (accumu­
lated pe r centage of not more U1an 60) have a mean serviceability index of 4. 2-only 
slightly below values for the third and fourth levels. This performance again shows 
that both PCA and the four agency designs are conservative and reliable. 

Figure 13d shows performance design relationships for loop 6. In this loop the 
twelve sections not affected by heavy subbase pumping (accumulated percentage of less 
than 90) had a mean serviceability index of 4. 2, almost equal to the third and fourth 
thickness values. Again this performance shows that both the PCA and four agency 
designs are adequate and reliable. 

The final conclusion is that the PCA design procedure is somewhat more dependable 
than was indicated by the previous study (.!). 
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