Some Relationships of the AASHO Road Test
To Concrete Pavement Design

PHIL. FORDYCE and W. E. TESKE, Paving Bureau, Portland Cement Association.

®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 (1, 2).

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 17/2-in. increments from 37, in. to 127: in. There were
four slab thickness levels in each loop that also increased at 1%-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 testserviceability 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
ditterences 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 all 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 all 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 slab design showed definite superiority
over the reinforced design in regard to major cracking (Classes 3 and 4). Major
cracks were used in computing serviceability indexes (3). However, at about equal
serviceability, pavements free of the distress characteristic of major cracking should
cost less to maintain.

s 3

Subbase Pumping presents data showing the extent and severily of subbase 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
subbase pumping 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. Onfirst 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 0. 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 pumping was 90 or more
(severe), performance was as stated above until heavy subbase pumping approached
severe intensity. Severe heavy subbase pumping was accompanied by a rapid service-
ability loss with indexesusually 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 concrete 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 axles 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 (l). The results
of the current study agree with all three conclusions and give additional support to the
third one. In the previous study, summaries of pavement performance from all sec-
tions, including those 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 two 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- TABLE 1
traffic tests. Slab depths were 275, 5,
9%; and 12%, in. and subbase depths were CONCRETE PAVEMENT THICKNESS,

0 and 6 in. There were 32 factorial and LEVELS AND LOADS
16 replicate test sections.

Loop 2, often called the passenger car Ttem Loop Loop Loop Loop
loop, carried 2 kip single-axle loads in 3 4 5 6
lane 1 and 6 kip single axles in lane 2.

In all loops, lane 1 was the inside lane Slab depth

(next to the median) and lane 2 was the glln'): Lut

outside lane. Slab depths were 2%, 3%, 5 2 st 1af

and 5 in. and subbase depths were 0, 3 &Y 3nd 2Sd 1st

and 6 in. There were 36 factorial and 4 ) 2 4:}1 32d st 1st
replicate test sections. oY, i 32(1 st

Loops 3, 4, 5 and 6, the truck loops, 11 2 ity 3?01
had similar factorial and replicate de- 12Y 4th
signs. In each of the loops, four levels 2
of slab thickness were used in combina- Mean des.
tion with the two slab designs and sub- thickness
base depths of 3, 6 and 9 in., making 48 (in.):
factorial sections per loop. There were 7.2 8.6 9.6 10.8
eight replicate sectiong in each loop mak- a4, 1.0
ing a total of 56 test sections per loop. (kips):

Both slab deptllls :_md ‘thlckness levels in- Single 12 18 22.4 30
creased at a 17/2-in. increment from 3/ Tandevs 24 39 40 48

in. in loop 3 to 12%: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
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 oneAWeight 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 that 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 at 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.

TABLE 2

AS CONSTRUCTED
SERVICEABILITY INDEX

Figure 2 shows histograms for as con- Item Min. Mean  Max.
structed serviceability on the 3-, 6- and .
9-in. subbase depths. The summary Slab design:
also shows no significant differences in Plain 4.3 4,69 5.0
as constructed serviceability. Reinforced 4.4 4.73 5.0
Figure 3 SI.IOWS .h?stograms for ascon-  gypbase depth
structed serviceability on the four truck (in.):
loops. Summary values show slightly 4.3 4.68 4.9
higher initial serviceability on loops 3 6 4.8 4,72 5.0
and 4 than on loops 5 and 6. One crew 9 4 4.72 5.0
paved loops 3 and 4, but another crew
paved 5 and 6. The differences are not Loop No.
enough to be significant. The mean as 3 4.3 4.74 5.0
constructed serviceability index for loops 4 4.5 4.76 4.9
3to 6 is 4.7. 5 4.4 4,67 4.9
6 4.3 4,61 4.8

A study has been started on time-rates
of loading at the Road Test. While there
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Plain Pavements
Doweled Joints - I5Ft.

Reinforced Pavements

Doweled Joints - 40 Ft,
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Figure 1. As constructed--serviceabllity indexes.
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Figure 2. As constructed—serviceability indexes.
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were minor variations between loops and
between lanes in individual loops, aver-
aged data show:

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 loading.
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.

TABLE 3
TIME-RATES OF LOADING

Time-Rates
Repetitions (loads per lane
per day)
0— 101,000 860
101, 000— 387 000 1,300
387 0001, 076 000" 2,500

(Ratios of time-rates are 1.0:1. 5:2.9)

From this point to the end of test,

loading histories were varied sllghtly
so that 1,11k ,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

o b dncan Awrlao

Toeral ziee Am-a Qe der AL T nmzaan B olamceags
evel under single or tandem axles. Study of Figure 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 (l), this study, the Road Test Re-
port (3], a subbase experiment under highway traffic (M), laboratory
studies (p) and results of pavement performance surveys (6) all show
that concrete 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 performsnce
of concrete pavements.
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TABLE 4
CONCRETE BEHAVIOR (Cont'd.)
Loop3_ Loor.4_ .
2nd Thickness 5 in.  2nd Thickness 6'/ in,
Design Parformance Design P_trlormoncl
Serviceability Repelitions Serviceability Repetitions
SN.:' Axle at stort of 5;: Axle of start of
Slab |Subbase| Loads cracking ! Slab |Subbose| Loads R cracking
Depth | * | Tt | R 1000-5 Depth | % | End | RER 1000-5
|:;s:u I'r;dﬁu Minor [|Major J\edse'x «Iy;:e Minar |[Malor
1 i i !
Inches | Kips 1000-8 f';'; g ;‘; Inches | Kips 1000-8 zl: g‘s g ;‘;
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22/ | = = 3./ = 775 | 8/0 655 | = R | A3 —  |wowe | wone
O o O
26| 2w =247 | 2.8 - a7o | 932 A 327 . == so2/ | y02/
zzz2| B2 P2 — Qa/ 85 | 345 6s6| B2 V4 — |/ooo | 836 | 83¢
] ]
219 é 9 /25 3.7 _ 273 | 324 703| 3 9 /85 Z.0 o 988 | 988
o
220 =247 — 77/ 266 299 Tot 327 = 722, aé | ¢7/
25/ | peint. 3 /25 | 2.8 = 4 337 641 | Raint. 3 /85 3.8 - 274 | 870
203| = Ve +.0 = 2879 8790 7051 T—= p =4 3.6 = 274 | 810
252 247 — |//oo | =zéc¢ 668 ez 27T | =6 — 273 e/o0
204 Y = Jo4 28 870 VA " 2 —_— 793 | =273 707
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™S Sw
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o o
234 2497 — 793 | 2/3 TIZ. 654 37 — | /036 | 273 8r/0
LooP_5_ Loor.6_
2nd Thicknass 8 in. 2nd Thickness 9'/2 in.
Design < Pcrrelmw::n Design Pertarmance
erviceability epetitions Serviceability Repetitions
sN“ ] Axle al start of SNE: Ante at start of
o Slab [Subbaose| Loads End Rep. cracking : Slab |Subbase| Loods End Rep crocking
Depth | ® ik P 1000-§ Depth | o it 1000-§
1:.;."' !3.‘5 Minor | Major I:’:." ,"ds Minor | Major
e i Ingex 7482 | Glgss | Class fiich K LECRs N282 | Class | Class
nches ips 1000-S | g 2 384 ches ips 1000S | g > 384
547 Plain 3 |z24s| 42 = | Nowe | wowe 35/ | Elaln 3 305 | 3¢ - 900 | 029
548 Ao T | 42 — 409 | powE 352 487 | 3.4 - 694 | 722
22| - 6 |2245| 4.2 — | wveve | punve 3671 4 6 3os | 4.3 = 9283 | ponve
533 | € 2 4/ — 79 | prone 389 | = = +.3 | — 8o | moneE
(- 3re °
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534 § o 2. s = 982 |woweE ‘ 390 E = 2 o3 —_ NONE | NoNE
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*5=Single, T=Tandem,R=Replicate Section
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TABLE 4
CONCRETE BEHAVIOR (Cont'd.)
Loor3_ T Loor 4
3rd Thicknass 6'/2 in.  3rd Thickness 8 in.
Design Perlormance Design Performance
s Searviceability Repatitions s Serviceability Repetitions
N‘: Axle al start of N’: Axle af start of
d Slab |Subbase | Loods End Rep cracking . Slab |Subbase | Loads End Rep cracking
Depth * i o 1000-S Depth " of N 1000-$
Test L5 . " Test .5 "
Minar Maojor Minor | Major
) Index Index Class Class . Index Index Class Class
(nches Kips 1000-S |a2 3@4 Inches Kips 1000-8 1a2 384
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S o
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3rd Thickness 9'% in, 3rd Thickness 1 in.
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Sec Serviceability Repetitions Sec Serviceabllity Repetitions
No. Axle al siart of No. Axle at start of
* Slab  |Subbase | Loads End Re cracking % Slab |Subbase | Loads End Rep cracking
Depth b P A"‘ 1000-5 Depth % o N 1000-$
Test 1.5 = . Test 1.5 .
Minor Major Minor Mojor
Index Index Index Index
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*g= Single, T=Tandem, R=Replicate Section
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TABLE 4
CONCRETE BEHAVIOR (Cont'd.)
Loop_3_ Loop 4
4th Thickness 8 in.  4th Thickness 9l in.
Design Performance Design - llflrtormnn:l
Serviceability Repetitions s Serviceability Repetilions
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LOOP 2. LooP_&_ |
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Design Parformance Design Performance
s Serviceability Repetitions Serviceability Repetitions
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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 3,4,5and6 BY THICKNESS LEVELS
Ist Thickness 2nd Thickness 3rd Thickness ath Thickness
(12 Sections) (16 Sections) (16 Sections) (12 Seclions)
[ SINGLE | TANDEM |[ SINGLE | TANDEM || SINGLE | TAWDEM || SINGLE | TANDEM |
5 >
a T BB :
f‘ B ;’ ?: § R
3 — BT = { - R R 3
| AT ] R R o R 22
i B i 5 @
1 H 5 B - i e e e
4 & A 2
e B B T B T e e e
“ETIC B T BT T B 8 B e
4 SEm o O 3 o e s 2 W e 2 e IR
% = 2 % ) ] Z9
6}~ | B EEH e s R e 2o
3 g B i 5 | &8
8 —H U EHA R ERH i R <
o s o ] >
10 — i I i o

End of test traffic

Plain— ] Reinforced — EEZEEE

Figure 7. Summary of serviceability and repetitions, concrete test sections (factorial
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 with
the Road Test performance equation for concrete (i). 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 % in. Major
cracking (classes 3 and 4) included cracks that had opened more than ¥4 in., and had
spalled or had been sealed. Examples of minor and major cracking are shown on
page 124 (3).

The dafa 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 (7). 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
el .
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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 15 to 20 £t from a joint or edge (8).

It is not known whether stresses due to restrained warping
(in combination with loads) 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 test results. This means that the experimental data
show the performance of a group of reinforced test sections,
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 thicknesses.

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 10 in. thick on 4- to 12-in.
subbases after 10 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 long sections without cracks and are usually
associated with abrupt changes in subgrade support, rather
than climatic enviromment. In states where reinforced pave-
ments do not exhibit cracking, except at isolated locations,
Road Test performsnce 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. About equal performance on first thicknegs levels I
showed slightly better performance than the reinforced design on the first
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-thickness
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.

ex

cent
cept
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Figure 8. Major cracking — class 3 and Li—concrete test sections (factorial and replicate).

Authors' Commentl.——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 tends to reduce
the amount and frequency of maintenance reguired. 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

lThe 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 (3) 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
subbase 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 subbase 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 subbase
punping.




56

J9A092 jOU PIP PUD O'p MOJAQ |19} ¥IPU) AIIIIGDEDIAIRS UBYM o

wepun) w | ‘burs =5,

#z7 | ats| s#r| 1o/ | ser | s - : : -
e s | F7|F | v | 2 | Lo e 519 |sc| so7 | sov | 70/ | sv | z#] = . .
g9 g0z | j0/ | so/ | s | F#| € | €7 | £# | see & v — i 7|z # | L | Lo ass
e, . = = =
el o1 777 7o [ =7 e7 |7 | e7 | 77 — N = s/ \v\\ v | o | o | o | 7% ErzZ| 6 m r=rs
#e | s#4L | TEE | bT : oal2ge sog | sexe | €27 | sor| so/ | sy | T | T | FY | LV | LOF 83
or |\ s/ z#\ x| 277)| 27 <o 9 Tesge loc | sg= | o6/ T T - - M g Zbt
g/ | orp| 7o/ | res | sor | sv | z#| 7~ ) e W == Bl R it B s PRre) ey 9 L
Kz sor |ez9 | 9es | se/ | ro/ . . 5 . 5
za. | o | 22| g7 | sor | s | v+ |z | €8 | 2 ||| € |3 s/ |\ |z |2 | 2 | Lo Z [Zez
! /E g2 | oot | g2 | ves | vor | s/ | p|=e# |2 | 97 |owez]| ¢ e
Zii eer |29 1€2] 707 | 57 |77 o7 | oF | € Pl e=2
/| o bt | ocl | oLg 942 |ose | €2/ | 727 | sor | 57 | 1# | 7 ;
= €| sos | #€ |er|/w | TH|FF |soE || 6 g [42¢ 5ol | orp | o2z | 77 i M | 705
2 (% . - 4 -
i | — |wo|s#c| sor | 17| e#| £ | wr | £ | Lo _: o —= Z o | s7 |z |29 |2 | s |sezZ]| 6 o =ar
o ’ s,
Zn oo | zee | €97 | 707 | 62 | 27| €% | 77 |57 596 | o | = 2 Zoc i i I W s Ikl o i) i) i 5775
/1 asg | 1¢€ | 1Tl | /97| 8/ g B 5 7 2 g6@ | 597 | zaz | s/ | ser | 5| £F| vH|TH| LY = .HM
6 8¢ | o | z# | LEF | #s¢ e | org| o/ | ses 2 e sle=
gig| o | zes| gpr| ror | sv | b5 o | €| € | seg s = — 1o/ | s | wt| p¥ | Y| Ly | Low 2 %is
uiold 20 | vor| tor| sv | 2| e#] € . —
o [ T T v5oL | taoen | mom | womss| 459L | wsdtn || ol © 7| L¥ s ¢ |uog| £S5
10 0 isal | == | 4ao 8y
pu3l | 4su4 | Bud 10 4 9H | ‘oW | #9p0up| 5L | Aaoe 5
w w =_ M:ﬂ._o.mmo_“u:w _“cm buidwing 9s0qqng | 44045 | spoo hrﬂm_ | umm H“._._ b : o o’ M. B i .wm.P S
v 10 44D1S Y w alxy 38g & . 14 uidwng aspqqng pu3 buidwnyg 3soqqng 1i0is | spoo yidag | aois ‘oN
(5-0001) suowiizday sexapu|  A41|1qDa31A43g ubisag a5 40 HBIS v w 30 +DiS 4y W ov_u«J il 238
e —g doo1 ssaunaw L ISl Ul g Wm.ooo: e soxapul  K4111qpadindsg ubisag
! | i
L
soF | 9% | sor | 707 | /o7 | 57 | 2H#| zc# | ©# | L7 | LzF — —g 4001 ssauyoy 1 is|
=i [ oo7| 7| 7o7 (77 | 57 |27 | €7 e7| 27297 s Sz #62| sz | o/ | Jos | so) | s S| o] S| g | LvE —
<7 | a5/ | 797 | 7o/ | Jes | 57 | =4 z° z F2E | sz | 707 | Jos| j07 | £ | sF| oF o £
z# |z #| 1| L7 MN <99 Zi7 = S| L | sz 6 e | /ez
seg | oo | so7| sos| sor | 57| 7| € - - g 67| ogs | sE/| sor | tas | s | T £ - - P
7| 7| 2#| 59/ o | “g[/97 I W, d N sl 33 [7o7
o - [ ¢ . . x 2
For | szz | yor | /27| 797 | 57 | ## | ## | ¥# | L# | L2€ 3 — vor | g0l | _ev | #2| #7| #7#| eF| s27 5 uw e
S/ %3 7 = gz | _s#z| 7 ) = - S
2 EGRANZA A B il d e kil R B s e es7| ger es| ves)| so/| £ 2#| 2| 7| g | L7 3oz
Je/ | /e 2 . - - . Tea—
sac | sie| s#/ | ez/| /97| 57 tE =7 7] 57| L% — i il s op| 29| 97| 27| 527 € e | oz
J6r | scz| /@ ; a G 267 | 057 | /% : -
— By Tor | ser (797 |57 |=#| 27| 27| 29| 58/ | e o273 e \\ Jor | 107 | _s7 | 27| 27| c# | 67| 277 =
o /0 7 = (74 , . ; ,
> s ‘\\\ tor | 1or | s |\ w#F| wF |+ | L7 L2F mm —% = Jof | sos | sy L | L L | oF| sey ] ol ==
€ | o 7 = 19/ /¢ 3 N
e mM W* 2 A B i e i W I e 667 | a5t er || “edllra | Sl 2] wl| w | b= 5% [0z
-]
i 7| v | ser sl wA|| €5 | £ B Led E g 7 o | | el 57 | w7 2| 2| o7 7| s | Fgleer
2/ < - /E | s97 ., y g
—/E| s | 107 | 10 | 5T || #w| | €7 | 58/ 5 297 | €47 | 10| st ow| 72| /2| s#| 207 i
— € |Umid| 7 s |osz |z | ror | 2e | st | 22| 12 = g R
j10 | sso1 Anpeit | *rom [ @3011 .w.m._. AnoaH | ‘POW | 93041 _we. WSO || Cul WL xx it 7| sZ| ¢ |uoid| s8/
pul | isa1 Bi 0 KkaoeH | 'po = =i
e .<.._ ___n_:m:m:w_mmudu:m J“w fuidwng 950qqng yioss | spoen L_.noc IS | .oy .w s507 POW | 93041 _wm._. knooy | pow | @apuy | $SL | sdiy ul
= JO HDIS 1Y w | sy o0g i3 | i burdwng aspagng | Pu3 | burdwng ssvqans A wdog | aois [ .o
L 01} suonladay caxopul  AsIapasiaiag ubiseg v JO HILIS 4y W 10 1IDIS I . nu-..“o._ esoams| s
urg (5-0001) suouadey R T Xy ub
P 4001 ssauyay | 4s| ul N\_M 411103314138 1seQ
¢ doon SsauNdy L I8

AJIAMES ALAYONOD ANV ONIdNNG ASVEENs
§ ETdVL




57

3-19 +40d3Y |01384S BHH 8| 9604 umoys K1ois1y uonsag o
430234 JOu PIP PUD Q' MG[RG (134 XBPUL AIHIGDIDIAIDS LEUM 4
@iealday =y "wapuo) =] 'a|Bg =S %

T |\ ssL | 27| tos | ver | St | F|NFT | A |gF | L5 224 F100 | sg0/ 009 | 102 | g | vE | 2| 2 #F| TH| 8#| Lo ZES
# |\ SLL | 287 | zzy | 10/ | 7T | sp || et | L# | Sog 6 g Smmm P74 e 1EE | ro/ | rof s | 2# | TF| | |22 6 9| /e
£ =
#U| — | szs | zor| 1o/ | ot | £op| 1#F | 2H| L | LEF 82| #ov /06 | s8L|sct| so/ | yor | s | | Ev| £ g# | Lov 8% | 7os
FNO T | bz2 | s | 1o/ | eF | #H| TF| cF | |soE| o o w £0# #IN| = |olz | otz | /oy | o | Z#| Tw |T#| 7F ST 9 2 m ros
FH| — | g#E | wwT| 10/ |y | T2 | EF|eF | L | 2 5 [zzg g | = | 9| 10| ros | e | gr|Tw|zH]| 2+ Fl w 78
#Ft| — | rgs| zev| 07 |pr | €| g | sF| L7 | Lo | zge s | S/L | 2989 | so/ | 10/ | sy | | |z | L | LOF o%gs
Fr/l ozl | soL | £/ | sos | 2/ | F#| £F| £ | 27 z /L I — o/ | 02T\ so/ | g | g | Tl | sF| 2 5
# /| — \avoy| soL | jor | | — | #e| £ | o | SOE € || e Fol| st | 1€€| olZ| so/ | sy | si#| THF |2 A | s |srer) £ | UNH| 4is
#/ | T | 52| g2 1o/ | gF | £F| | TF| 27 | L6 LE g \osa | Lzt | 9gs | 1o/ | s | 22| Lop | 57| g+ | 107 gos
F | — |92l | g5 | ror |z | T#| TH| zF | 2 | SO 6 9 |.sL€ (777 006 | o/t | orz | €or | s s | 2 | £F| L4 |Str| 6 9| sef
— E3 %
| = gep-| O£/ | s/ | g7 | s+ | T |TH| L] 2 s m e #1107 — | 4go/| 9gs | o |z#+ | z#F| g5 | r#F| 22 2z ] m rES
#rt | — \awnvey| ££5| sor | € — | zw| | £+ | L5F ne | g2€ #1/0 Lsp0/| 1iL | ogs | TOT| LE | £ | pp | TF| Lt | L0F ne | grs
0| — |gpg| ce/| 10/ | £F | =A| 27| 2F | 27| > S [ dos TN | — | /09| 97 | 707 | 77 | g7 | 27| 27| 2% | 2 TS [ges
#F | — |ovoy| €7 | 1o/ | S| — | g | £ |27 | sSOE 9 2| z9¢ H | — | o | ger | vo/ |z | g | £ |2t | Lo |SveE| 9 2| s
Fl/ | S69 | s#/ | zE/ | s | S E GE| €| s £F | LB z5€ w1y | — |arven| 205 | sor | z# = Zr | oF | Ly | Lo g¥s
sy \asor| s6L | ros | so0| ZE | e | s | s | TP | SO ¢ o4 | /SE 1/ | — | eyl gre | yor |z | — |2 | o | - |spEz] ¢ TPl A
4591 | ¥ & | AaD@H | "POW | @9Du) | IS3L | AaodH | pow | @dpa) | SOL kmn:_ ‘uy IS9L | *» | AaDaH | 'popy | ®dvuy | S9L | AaooH | "po | @d04) | SOL tma_x ‘vl
10 $507 10 10 wdaa | qois “oN 30 $507 10 10 wideq | apIs | .op
pu3l | a4 Buidwng asoqqng pu3 buidwng asbqqng $004S | spoo] qq B pul | 5414 Buidwng 3sbqqng pu3 Bbuidwnyd aspqgng 14948 | spoon .
W W 10 14015 1Y w 1O OIS 4y W | ey 293 W w 10 H0IS 1Y w 10 HOIS 1Y W | sy 298
(S-0001)  suoyuaday saxapul__ Aul11qoadiasag ubisaq (S-0001)  suonnaday saxepu;  A411qpad)AI9g ubjseg
i & SsSauyd|l u
ui6 —— 4007 ssauyd1yy pug u 8 = do0T uyd1yL puz
vec/\agg| sor | tos | v | S | Fr| | pp| G| £TE #E9 4L | SE2 | 27| Jos | S| Sy | | SF| st | 4| LT JET
#1/ | seo| 156|268 | sos | g | S| s | ww| 67| s8/ 6 9| 52 #//7| os6| 898 | 92/ | ros| €€ | oF| g | 2% | 84| ST/ [ 9| g6z
E3 E3
4L | et | o#e | so/ | ro/ | st | T £t £F | &F | LTE 82| 782 /€2 evrF| ToZ| sos | ror | S | £F| zH| | Ly | LT 82| zé/
o
| stf | $2L | ce | /o | #wE |2 F | sw | 5| )| s8/ || 9 2 < 589 seL \oLo | 2L/ | sos | 107 | S/ | g% | #w| | 24| s 9 um /6/
6L | se| 267 ve/ | sor | s/ |57 sF| Ss7] 27| 3| 90t stof| see| €| see| o | s e Fr| FF| Lw| 3 [ 4oz
it/ ool 76/ | Jos | yor | 2T | FE | wt|wF | L | £TE —<7 ovsr| seL| 697 | vor | 1ol | s | e | | _sH| Lbr k224
#i |\ stb | tLL | s/ | yor | TE | ST | s £ |8 o : BV /| — |ege| /o | jo/ | e | F#| FH| FF| LF b4 €0z
# | s9% | sg7 | 2¢x | so/ | 8€ | 7| sF|FH | b | s5| £ || )z i oeg | bze| so/ | 1o | g | 0| o o | s | cz/|| € |VR¥| 15z
zLL | 979 767 96/ sar | SY || FHF | L | 87| LTE FoL 1L | ods | 282 | 42/ e/ | s/ £F| £€#F| S| g | L¥T ezz
# opb | #LL | 9#E | Jor | CE | s | € | e+ | 87| 56/ 6 9| oz wiit | Ue | bro | 9L/ | v | LE| s#| BF|FT| 4| s || 6 o éi17
x
ooo/ | 578 | T | PE| s/ | s | SH | s | #E| 87| 2 s 757 106 | s | gec | s#/| 1o/ | s/ | o =#| | 6| Z 5 m ZHE
w0 | 000/ | gbs | sbT| sor (€ | 9 | St | £ | L | LEE na | 89 #/| s% |zee | wes | 1o/ | e | £ | S| 87| LT wa | 9T
R py
7| = [P 5% | o [e7 |77 [z |27 82| 2| , § =57 #oy | BL|G#L | 227 797 | ;€ | o7 2% | 27| 67| 2 g =z
#0 | — ooy | oee | vor | #w| — | €7 | ¥ | 67| s8/ z| 462 FU | asb | #9L | #ez| 1o/ |56 | 2F| z#| £ )| 2| 5T 2 Z | s#Z
o9 \om | sr| 1€/ vor | st | o | 7| £ | 2#|L7F 59 soL \oxg | €cz | 69/ | 10/ | sv | 2% | =% | s# | gt | 197 972
g/l ot | oy | 2| sos| g€ | — |#wF| x| 87| 58 [ uld | 67 #Fl ot (068 | zzr | 10/ | Lig | 7+ | o | +F| 99| sU € uioid | 427
1S9 | %% | AaD9H | "pow | 9504y | 4S8L | Kooy | "pON | @dpay | ISAL tmnc_ | 4SOL | ¥ | AADOH | ‘PO | @9DJL | 459L | AaDay | 'pow | 9304y | 15OL tnn_._ ul
10 $507 10 10 yidaq | aoIS | .op 40 $507 10 10 yideq | qoIs ‘oN
pu3l | isad Buidwng aspqgng pu3 Buidwng asbqqng HOIS | spoo . pu3 | ¢sad Buidwnyg aspqqng pu3 buidwnd aspqqng 104S | spooq 4
wo | 10 LIS 1Y w 1O HOIS 1Y W | axy 29s w |y 10 LIDIS Iy W 10 OIS Iy W | apxy el
(5-0001) _ suoijiaday saxapul  Api1qoadiniag vBised (S-0001)  suonyaday saopul  Aiigoediaes ubyisag
...__. N\_w ﬂ&OOJ_ Ssauydyl pug .C_ m d&OOI_ SSauy2iyl pug

{"PU0D) FOIAUES HLAWONOD ANV ONIdWNd ISVEEns
S HTAVL




58

13A0234 |OU PIP PUD O'H MO|2Q [|3} X3pul
DA |dIY =y ‘wapud) =] .u_ac_wumt

QDADIALISS UBYMy

(°P,JU0D) HOIAHAS HLTUONOD NV ONIAWNG ASVAENS
S FIEVL

F2//| — VEE| o0&/ | sos | s | €| TH | EF | L7 | L8 e F| — |\ZrerY| Jor | or | 2| — | vt |F | @b | LOT ey
FI1/ | — |Fvoy| zas | so/ | T#F| — |z | zF)| 57 | SeE 6 9| e#5 F | — |z Jor | e | | — ¥ |7 | 2 |sviZ)| 6 m bt
#0| — 3oy | g7 | so/ | ZF | — | | mF| LT | 2 b M £ F10| — |aest| so/ | /o7 |s# |+ |F | c# | gz 2 a8 |+
F | — | go#| sos | vos | s | TE| | £F | S | LGP 58| see Fit | — | 2L 10/ | Jos | g | st |oF | oF | L¥ | Lo#F S8 | #rs
- b
FHL | SéL| 62| ror | e | P e | T | L7 2 T & [5FE | — |FZre| 0/ jof || — |2 |z | Lot z Q| go5
g/ | — |avow| o€s | sor | o | — |=E| £#)| 27 | soE|| 9 2| ces gt | — g | 0L | o | sE | — |(FF| S| Lr|sver) 9 2| s
#//0 — |z=or| vz | vor | #2 | T || £F| 29 | LEY Zé6g #10| — |2y ses | /o) | 1t — |2 | 17| b | Lok H55
w10 | — |avep| r8T | sos | ## —_ | z#| e | 2% | soE € | ueg| s6€ 11l — s zzr | ro7 e — (2% | 27 | L# |sEF| ¢ | Tusd|es5s
| = |\avop| 24 | /o7 | € — |\zZz|Zz#&| L+ |LEF I2E: F1/0 | 010/ LZL 285 | ror | s e zo] o] 24| Lop JES
w1t — |amop| 6oz | ros | g7 | — |z2| 22| 2% |soc| s 9 |s7e #2770 | — || 102 | sor | S| — |zt | 2 | L |[SEeE|| 6 g SES
E3
g1t | — |avoy|_smo | sor | e| — | g | £t | 2w | L8P S| géE it/ | — | 287 | 985 | 10/ (o | | Lv | 2| 8% | Lo¥ s | 725
a — o
/0| = \Evey|z#el | Jor | T | T | g |z | L | So€ 9 uw PAZE #/0/|Cca | #EL | #T70 | /fo/ | L€ gp|vrv |2V | Ly | STE| 9 uw S£TS5
FI| — ey | oss | ses| g2 7= #FF| £F)| & =4 W FOE #/ — |\FZoy| gz | so/ | z¥ — e |ovr |22 > W z4.5
#0 | — |avoy| sro |\ | g | — | | £ | 2t | LEF gLe g/ — |aov| 985 | sor | g | — | TF | € | gF | LoF z/5
#11/| — |zropy| gy | vor |+ | — | w| TE | L] 2 £9¢€ w11l — |82L | #rs | /02 | gF | gp || x| +w| 2 145
w11/ | — |svay| 6wt 695 |z | — | g7 | o |2F |50 || € | W] e il — |amr| 9L | w2/ | HF| — |2 | € | L SFzz|| € | Wold| g
4L | w x| AnD3H | ‘o | @304 | S | KAD9H | 'POW | B3DaL | SPL | sdiy || Ul 1531 | s w | KaD3H | ‘popy | @904y | 5L | Aaoen | ‘pol | @opay | $SOL | _sdiy || Cul
0 5507 10 30 LEY o : 10 $s07 10 30 JLEY qo| i
pul | 18414 buiduing aspgqng pu3l buidwing asbqgng 14018 | spoon sy 1018 ON pul 1S4 Buidwng asonqng pu3 buidwing as0qQng 1401S | spoon - n_..- s .oz
w w 40 4I0IS 1Y w JLORYLIR] w | axy =S, w w 10 D48 1Y w 30 4DIS 1Y w | anxy EL
{S-0001) suoynaday saxapul  A}1119Da31A13G ubisag (5-0001) suoliljaday saxapu)]  A}1|1qDad1AIag ubisag
upll 54007 SS3UNIL PIE up Y6 —5doon ssauydIy) pIg
ot |l B B VA [l W Wil il N ] B 77 | = | %8 49/| ser | #H| oF | SF| 7F| 67| e <+
| — T\ I o/ | eF | — — | 2#F |8+ | £8/| 6 9| 542 F| — V| st | zis || — | 2| #H| 64 ] s 6 9| /4
E3
Fus | gsor| ves | sos | yor | g€ | £ e | ev| £# z 52 gol 2 — Vz2e| roe | ro7 | 1#| /| 7#F| 27| o5 > s ger
#/| — |ses|sac| 1o/ | wt | Lv| L | B 8% | L7E ad L7 F | | 08| g1z | sor | | o | p#| 7| 87 | LHe S2| g#e
#7077 2es | <E7 | jo7 mum z¥|lzv| c#+| 2] = ' o Lol # | — |avow| szt sir | s | — | zE| £F| o5 24 AN
#ry | — | 9L L Vet | | g | g | 2#| 6| 58/ 9 2| 677 w0 = \evow| abr  ses | e | — | spl sF | gp| ser| o 2| for
o748l Il se/ | vor | Jos | ot | | £F | EF | bF | LE Zz67 #l | — | Log| Lo sor | 1| sH| | s¥| (p | 10 o0y
#ryf ooy | 274 9L | Jor | b€ | €| g# |FF | 8| 58/ € |eg| /67 # | — PEvov| gz sor | THF| — | pp| 2| L | ser || € |umE| 44
w0/ | — |evoplsas| o/ 1| — Jew|e#t| 4+ ]Lze =57 #F | — |Fven| o b2/ o — | #FH| v g | p N gor
#| — |gmar| L | ver| e | — | se|S5F| 8F |59/ 3 m 152 F/I | = NN b Tl |z | — g4 | ##| b4 | 5T/ 8 9| Lo
#oy| — |s8b| 92 | jos | zH | T | 5| 2p| 8F | L2E a5 |77? Fil | — || L#7 69/ | 1| — | gp | €| 87 | Lwe mm [
a
| = v e\ |\wr | T L | LF| b | 8/ 9 .H_w €89 FI| — |Zvor| 24 w27 |1+ | — | 29| s# | ¢# |52/ 9 .H_M bHC
F| = lanoy| prE| 7 |27 | — |5 F || 27| 7 Elern FIT| = |zmev| 297 76/ | o] = | 2% ] e7 | 37| & 27
>/ — fEmer| 98| Jos | 1 il zw | vt | 2% | LeE LD FIN | — |swvN| €0l o/ | 24 — Ve d Wi g% | L¥C g/
w0 | — Namer\amey| o/ | s | — | — |vF | gF| ¥ — 187 wtit| oot | svor | g e/ | ge | — — | zr| #| = | ##/
2| — |aver|spe| /o e | — | €| eF | 4| sor|| € id| s wiit | — |arvow | stz ser| | — o7 | Lo | e | s < uold | /7
.”M._. M.m%J AaDay | ‘pow | 9304y .m.Mk Aaooy | ‘poN | 33041 JMk PLCILE 3L | w % | AADIH | ‘pow | 9904y | IS3L | &noen | pow | eooup| 501 | sdiy || wl
yidag | aois | 10 | sso7 0 10
v.om .mﬂu a_._nﬂv:n__:w_mmum“:w pu3 ac_nmvsn._‘_w.mwg_.@:w ..:ﬂm spooT (PS04 ans) ‘uouzm pu3 | isa1d | Buidwng asoggng pua | buidwng asoqang 1a04s | spoony yideq | aois | .oy
v I w | ajxy w W 10 10iS 1Y w 10 oIS Iy w | aixy es
(S-0001) suoiaday S3x3Ipu| [STCCEETEVER ubisag {S-0001)} Ssuonaday s3uapu| K1111qDa%1A18G ubisag
vl 8 —5—4001 SSAUNdNL PIE  U| N\_w —54001 sSaUYINYL PIg



59

484033, JOU PIP PUD O'p MOIFQ |18 X9PUL AJ1|IQOIIIAIIS UBUM
wepuol = 1 ‘obuis =S

("P.3u0D) FOIAHES ALFYONOD ANV DNIdAWN FSVIENS
¢ ATEVL

Pl lpvariavell Ff ool — | ] e Al 7wl gse | [Fiw] — [ ¢ee] /o7 [ 7o [F# |27 |27 ]| 27| 77| 4o Ca
FIT| — |aver|zrep| ez | 5F | — | — | €7 | i |9 | s mu ZZe | [ = e {77 | = [ 777 | 77|52 s g =e
w1l — | sig| ses| o Trr | 99 | ot |09 | v | Lo7 mw ZZE | | = |Brop] 7o/ | sos | €7 | — o7 |07 | 77 | Lo A
zor| = ||z or | ew | — [ev | Ex|c7 [0 ] 9 | Ts[S€ | | = |eoz (892 | o7 [ | €7 | 57 |oF | or |Sv 7| o | s[5
w /| — |arvep|avey| sor | g | — | — | T | S |28 #|ooc F07| = |mrer| iz | 707 |e7 | — | €7 | e7 | 7| 207 5=
#i | — |aveqp|Erey| ol [ Fr | — | — || L |seE] e |Wlece | T oy | olz | B | /A | — | €7 | €7 | L7 |57 ¢ || sz
#/// | — |Fvep|zzo/| sl | p | — | e | 7#F | 27 |Lo7 oge S| — |Zo? [zvoy] 7€ | 77 | — e D DT o
F/ | = \opep|zrev| #L |z | — | — |z# | 7% |so|| s M éL¢ Fir | — |=rer| wrven| 757 | =7 | — [ e#| 27 |5777 & m Zos
#/| — | sE| b | s | zF | 1| 1F|or| S| Lo mm o5¢ #/ | — |Frep|avey| o | SsE | —~ — | z¥F| g% | LoF G| gs7
/| — |Fmgv| /e= | €4/ | 0% | — o |0+ | €# |soc]| 9 ,um te #/7T| — |Zrop|Eey oz | 57 | — | — | 2% | 2#|s#e2|| o .um Ze+
#//| — |t /g | sor | €F | TF| 2% |TF| L | LOF 2| %c w11 — |zrop| 62 | 727 | e #| — ev| 17| 2% | Low wu Cfs
FU| — | 468 | 9222|287 | Z°F |7t | g% | EF | L |sos|| ¢ |Torg| 94€ #10| — [P Frer) cgs | | — — | TF| L#F |swzz|| ¢ |Goid| 425
..um._. hom_ Aaoa | pow | ®d0s) .wm» kaooy | POW | @304L .wm._. UL __mwa aois | ._nm.r muom_ AavoH | ‘pow | 92041 pr 4aoey | ‘pow | e3041 .”m.r S ._P“_. ol s | -
__-um _ﬂz us._m_u._m:w.mmju._m ﬂum E._nm..m_ auying t.um oo | .uuzm ﬂm o ?aﬁ.u s .Hu o__:_”.n.v._m 2soqans | 440is | spoor [escaons] .oe.zm
Ixy V | sy
(S-000i) suonuuaday s9x3pu|  A411190931A495 ubisaq (S-0001) suonnaday soxapu]  AJN11qDa31AIg ubisag

wgel —— ssaunomMl W Ul || —00 ssouwoly L Ui
# | — |Frey| sgs| /07| 2# — | 8#| L#| 8F| LzE 299 Fl T = 106 | 49| sfor | s#F| cF | €F| #F| g+ | upe g4/
FI = |=verlzrar| 28| g7 | — | — | 77| 87| 56/ 6 gz | — || #2E |22/ |7 # | — |z#| €7 | €7 | s2/ || 6 8247
FIN| — |amery| vl | 1o/ €| — | 9# | €F| L | £FE Mnm 7722 FN ) — |BVN| (g2 | /U | op| — || €F | £ | L#T m.nlr 92/T
2/ — |erevlzren] 2 | s 7| — — | | LT | s/ 9 ,...._M 5?7 # | = oy | 968 | 2L/ || — gF || & | s/ S w._m srr
| — | #iT|HT | s/ | o | s £F| €F| L | LZE z 749 it | — |3vop| zeL | 707 J1F| — | = | ##F| 6# | 1w E —=re
| — | oz o | 727 o7 | s#| €#| €7| 62| s5/ || € || 77 #117| — |aror|awen [#ee| e | — | = | 9 | 6% s/ || ¢ |WBE| /=
w11l | = g sgs] so/|z# | — | ##| €#| 27| L=z 067 — |awep| c#7| v6r | T7# | = | z¥ | €| {7 | L7 787
#i0| —= |Frev|aven|sc| s | — | — | z#| %] ss/] 6 m 687 #// | — [PV ave | #7 ot | — | — | z#]| 2| s2v/| 6 g| =8
#I | = arer|aren| sof = | — | — |##| 2+ | £7E IR s — |l | zgs | 6o | x| €7 | 2| sv| 6| spe e
| — |zres|avoy | Ze/ | sy | — — | 7| 67| 58/ 9 2 s A FI | — |zwoy| TF7 |/ | g8 — ¥t s+ | 8#| sz 9 = < g€
#i | — |96 sef| oo | 1F |zl P || s# | £7E [ w0 | — |vow| sz soz| e | — | e | et | 94|22 2=z
# — Iy | sr | sz | — | et | 2| L | s || ¢ |wmiag| S42 #H | — N vy | soT | | — | — |## | 7| sz/|| ¢ |uwa| /o7
191 | =+ | Anpoy | pow | e2pay| 45OL | havan | pow | @dpuy | 4S3L |  sdm || Cul $89L | %% | faDay | ‘ol | @opup | 4SOL | Aapoy | Ppow | eopuy | #SAL |  sdiy |l ul

10 | sso1 0 10 yideg | qoIS | .oy Jo | ssoT 10 0 uidaq | aois | .o
pu3 | 4sm4| burdwng asoqqng pu3 Bbuidwng aspqgng 4401S | spoony :83& Sas pul | ysnd | Burdwng uouuna:m pu3 buidwng aspqqng 1404S | spoon SBSm_ -39%

w w 30 HOIS 1Y w 1O 14018 ¥ w | sixy w w 10 1015 1Y w JERYLR ) w | axy

(S-0001) suonuaday saxapu|  K1)11q0821A195 ubtsaq (S-0001) suonuaday saxapul 4411190221435 ubisaa

ulye $doo1 ssauydly Lyl Ul g —4001 SSUNAL Wb



5,000'001
suoyadey

xepu|
A41119Ded IR S

5000'00!
suofiedey

Aj11goediases

60

*Burdumd sseqgqns c3 psjeTSd se Suorjiisdaa pue ALJTTTQRSOTALSS JO Ageuwmmg QT 2InSTJd

459} JO pue 9.0j3q buy d jo adA} pejO21puUl YiIM SUOI4IIS JO 13QWNN :3JON
Buidwnd AAD3y 40 LIDIS = &
Bbuidwnd a01apow JO {IDIS =4

Buidwnd 32044 40 JIDYS = /

o — uisy — LI 313401} 4594 JO LIDIS = §
21))D4} 53} 40 pul J13)044 |59} O pu3
loi
oot B “
& M A
7] = L
BION | “ B 30N 38, :
= @8S (- 3 w’ r .l._ . z
5 : . o g N S s
S50 7 554 I 3 Teee (33 €ece «
: = - R [
% e 2
HW L s HHW L HW L 1 S——IHH LSTT HW L HW LS
s 2 - ! & o A €
- o e o ) — 14
b ™ u -
[CW30Nvidid 8% | 379NIS din Ot || W3ONVL I3 O | 31ONIS dinb ez | [ W3ONVLdIX 8¢ | 3I9NIS dI¥ OF || WIONVL JiX O | 319NIS did v 22 |
_ 9 4001 | S d001 ] | 9 d001 | S 4007 |
214404} 4S9} 40 pu3 91J)D43 453} JO pu3
loi
-
&
0
BJON 885 A 4
N 73 80N 295 2
: = = 6= }
Zvbd vobb TEL] fees fEcs
; o ; S
2
HHW L HHW L ST HW LS HH LS HH L £
. o
- L] o
: et
" it
[ W3oNvLdix 26 | 379NISdIN 8l | W3GNVIGhi#2 | 3J19NIS diX 2l | [ M30ONVLGIX 26 | 3I19NISJINBI || W3GNVL dINbz | 3J1ONIS diX el
_y v 4007 — ¢ doo1 _ _ b 4007 = € 4007 _
SSINNDIHL puZ SNOILO3S 1S3L LIUONOD  SSIANNDIHL 351 SNOIL23S 1S3L 3134ONOD



61

A@oﬁqﬂpgoov

313J044 459} 40 pu3

*OT oIn8Td

3159} J0 pue 240j0q Burdwnd jo adA} PajDIIPUl YIIM SUDIIIIS JO JBQUAN :3JON

R

Buidwnd AAD3y JO IDIS = g

Bujdwnd 94DI9pPOW JO {4DIS = 4

Burdwnd 33044 JO }ID4S = £

J1j)0J) 159} JO DS = &

913044 §594 J0 pu3

F— 8
53 L C C
o8 i 9
o= vq_ﬂou‘
o= | - s
Qs iy 210N o
‘ .w o2 i smu./. - .mz/ = : i
_. TS 12g€€ ol€g 00¢gE obtbv EY 2 a4 «
J ] . '
s 2] ,
5= S—HH LS HW L HW L HW L HW L. HW L 2
sa A § ¢
»x O
4
= 14
~
— — ]
[ A30NVL dIN BF | 379NISdIM OE || W3GNVL JIXOb | 3J1ONIS didbee | [ W3IONWLJIM 8 | 31ONISdIM OE || W3ONVLI dIX Ok | J19NIS didbee |
_ 9 doo1 _ S 4007 _ _ 9 4001 — S 4007 ﬁ
3133013 1S9} JO pul 214}0J4} 4S9} JO pu3
m 53] I : M ! ol
D = g
81 E f— 9
o= 30N 33
% 3 RGN — w/ 14
o 5~ / 2
| N u 0 5 i 4
I OlEE ISEE OIEE xS 0Eb b ovbb 0EL Y h
@ - |
s HH L ST AW LS HW IS HH L HW L HH L HW LS
5 u - €
- T
H - v
4” = .l_ <

[ _W3anvl dix 2€

| 379NIS dIN 8! I

W3ONVL din v2 | S TONIS diX 21 ]

[ W3anvidid 28 | 379NIS diX 8t

[ W3ONVL diX $2 [ 379NIS dIx 2l

]

v 4007

€ 40071

|

_ b 4001

¢ 4007

|

SSIANNDIHL Uib

SNOI123S 1531 313HINOD

SSANMIIHL pig

SNOILO3S 1831 3L3IYONOD



62

As a further check on the conclusions, TABLE 6
the mean losses in serviceability were
first computed between the as constructed CHANGE IN SERVICEABILITY
values and at the start of trace subbase BETWEEN THE START OF TRACE
pumping. Mean values for the four thick- AND HEAVY SUBBASE PUMPING
ness levels are shown in Table 6. It is :
significant that these initial serviceabili- Thickness Level Change Mean

ty losses changed very little between

thickness levels and did not decrease as 1 -0.10 -0.37
slab thickness increased relative to load. 2 +0.08 -0.43
The next step was to check the validity 3 -0.20 -0.41

of the following statement: 4 -0.01 -0.42
All 4 -0.02 -0.41

On all Design 1 concrete test
sections in loops 3 to 6 there
was an initial 0.4 service-
ability loss up to the start
of trace subbase pumping, and
there was no further loss in
serviceability prior to the
start of heavy subbase pump-
ing—or during the test period
on sections where no heavy
pumping occurred.

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.

Authors' Comment.—The data and conclusions on subbase pumping

ance 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

Thickness Plain Reinf.
Level Mean
Single Tandem Single Tandem
1* 0.12 0.10 0.10 0.14 0.14
2 0.20 0.27 0.20 0.22 0.10
3 0.20 0.17 0.17 0.14 0.22
4 0.20 0.17 0.14 0.24 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.
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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 1 test sections at all thickness levels prior to the
start of heavy subbase pumping—or to the end of test where no
heavy subbase pumping occurred.

k. The equations fail to show equality of performance under
single- and tandem-axle test traffic prior to the start of
heavy subbase pumping—or to the end of test where heavy sub-
base pumping did not occur,

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 (_1_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 (1,2). 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- 0
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:

as

psi

845
653
513
463

Ist THICKNESS
Stress

kips
24

Tandem
32
40
48

Axle Loads

Single
kips
12
18
22.4
30
T—

MAX IMUM

Slab
Depth
in

3/
5
62
8

Repetitions

Loop
No
3
4
5
6
\O

MEAN

Loop 4, Second Level, 67,
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 4
to 1,036, 000. Sk

Repetitions from start of heavy pumping to first loss in ser-
servicesbility fell below 4.0 and did not recover)

(when

CONCRETE TEST SECTIONS
N
MIN|MUM
2

ility

©

900

800

00

00

500

400
Figure 11
viceab

o computed stresses.

+

related
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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, 9%, 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 affords a fatigue safety factor of 2.0, the value used for more than 100, 000
load repetitions in the PCA design procedure.) 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). I,
on another section, these percentages were 80, 45 and 60 after three periods of rain-
fall, the accumulated percentage would be 180. 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:

No. of Mean Serviceability
Laop Sectiong 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 also 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 8in.Plain Pavement™®
’ l l | 1
Slarl of Iroce pumping ‘ Slart of moderate and heavy pumping
this section 1,03 /'hia sectlon 7.10
E—— =
NN o
N
Ny === . %
—
3 SECTIONS — %
3 L | >————1—Final percentage of
" // — heavy pumping=0 t
| -"-—\
/ Partormance Equation ™
Fram H.R.B. Special Report 61 :\.‘ v
Start of traca pumping Start of haavy pumping \ =
Range 1.01 1o 1,03 Htart of modarate pumplng  Ronge 6,01 and 7.10, 2 sections 3 =
Range 3.16 to 6,28 | none , | section ‘.' é
| 4
\ o
\ =3
%
n
3 ‘\ =
A o
1-/\ §
°
Sectlon 50 \ £
\ £
s
N °
\ fi
2 ‘ X
N
\
N, ;
N\ . Final percentags ¢
b 5 heavy pumplng=i7
o] 2 3 4 o [ T 8 a 10 " 12
Respetitions, 100,000
*With doweled transverse jolnts at 15 ¢4, Bin. Reinf. Puvemem”
% Start of truce pumplig, Ronge all 1,01
Stort of moderale pumping, Range 1.0l to 2.70
Start of heavy pumplng
/_Honpl 2,70 to 3,31 |
———— = R,
\\ “ -———_.__,___'__H SEQTIONS
T — | _Final parcentage o
— heavy pumping=3t
y < ——— —
A 7 £ g TV"—-—-..._____ |
a Start of heavy pumping —]
/ I hle section 3,31 \ _"%..._____
Start of moderats pumging, this section 2,70 \ Par o
Start of trace pumping \ From H.R.B. Special Report GIE °
this section .01 \ | | =
A— 3
\ 2
o
/\ 8
Section 519 =
\ 9
3 A =
!
M,
1 \\
~ £
z
N s
5 &
\ k]
% 2
~ s
N -
2 ~ Pt
\\‘
1 |_Finol percentage
heavy pumpling = |
[o] 1 2 3 4 ] L 8 9 10 n iz

Repellitions, 100,000's

*wnh doweled transverse joints at 40 ft.



2nd Thickness

LOOP 5—- 40 KIP TANDEM AXLE LOADS

8in.Plain Pavement™

67

ge of
=01020

of

B __ Stant o" moderale o\'nmpluq
% this saction 5.86
Start of trace pumping 5
M this seclion 1.02 Z Start of heavy pumping
~ ) this section T.27
~ S ~
il
——t—_ |
< I 3 SECTIONS
” — X Flnal p
 — | ‘\,)"/_ heavy pumping
| \
Stort of moderats pumping— Concrate Parformonce Equation \
Range all 5.86, 3 sections o Hruc el Rannet b1 ¢ T~ Final per e
- heavy pumping =6
i‘:;;:: forlq::n' ZD HOIZD"W Start of haavy pumpl 3
: ’ Range 7.7| to 10.86, 2 sectlona ”
none , I section s
=
‘ 5
a
L &
| B/\ 3
o
Section 50 \ 0,
»
+
\ g
=
\ E
| H
s
1 2
| °
| 2
Flna! percentage of w
heavy pulmplnu=l5o
] L} 2 3 4q L] L] 9 L[] n 12
Repetitions, IO0,000'u
* With dowsled transverse Jolnts of (5 ft. 8in.Reinf. Pavement™
Start of Irace and moderote pumping Stort of heavy pumping
/ Range all 1,01 Range 2.75 fo 6,85
T:ﬂon 522
Final perceniage of
heavy pumpling=7
Stort of frace ond mederote pumping émﬂh Parformonce Equation
thiz seation 1.0 FTm HRB. Spymporr 6IE
)
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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 0.4 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 (l) the relationships of design depths to end of test service-
ability are shown in chart form 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 relat1onsh1ps of performance to design depth in loop 4. The
right half of the second level bar graph (67 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 shows revised relationships of performance to design depth in loop 5.
Here the eight test sections that were not affected by heavy subbase pumping (accumu-
lated percentage of not more than 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 (1).
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