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FOREWORD

The investigation reported herein was sponsored by the Office,
Chief of Engineers, U. 8. Army, as a part of the Military Engineering
Design and Expedient Construction Criteria Program, Task 02, "Design

Criteria for Expedient Airfields and Heliports," Work Unit 024 (formerly

023), "Exploitation of Thin Structural Layers."

Responsibility for conducting the investigation was assigned to
the Soils and Pavements Luboratory of the U. S. Army Enginecer Waterways
Experiment Station (WES). The investigation reported herein was con-
ducted from October 1970 to April 1971.

The investigation was conducted under the general supervision of
Messrs. J. P. Sale uand R. G. Ahlvin, Chief and Assistant Chief, respec-
tively, of the Soils and Pavements Laboratory. Engineers of the Soils
and Pavements Laboratory actively engaged with the planning, testing,
analyzing, and reporting phases of this study were Messrs. R. L.
Hutchinson, C. D. Burns, W. N. Brabston, R. W. Grau, and R. H. Ledbetter.
Engineering technicians responsible for the conduct of the tests were

Messrs. J. E. Watkins and B. R. King. This report was written by

Mr. Grau; portions, regarding instrumentation, were written by
Mr. Ledbetter.

COL Ernest D. Peixotto, CE, was the Director of the WES during the
conduct of this study and the preparation of this report. Technical Di-

rector was Mr. F. R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain
inches 2.54 centimeters
feet 0.3048 meters
square inches 6.4516 square centimeters
pounds (mass) 0.45359237 kilograms
kips 453.59237 kilograms
tons 907.184Th kilograms
gallons (U. S. liquid) per 0.00k527 cubic meters per square
square yard meter
pounds (force) per square 0.689L4757 newtons per square
inch centimeter
pounds (mass) per cubic foot 16.018L46 kilograms per cubic meter
miles per hour 1.609344 kilometers per hour
Fahrenheit degrees 5/9 Celsius or Kelvin degrees*

*¥ To obtain Celsius (C) temperature readings from Fahrenheit (F)

readings, use the following formula:

Kelvin (K) readings, use:

ix

C = (5/9)(F - 32). To obtain
K = (5/9)(F - 32) + 273.15.




SUMMARY

The investigation reported herein was conducted to evaluate the
effectiveness of stabilized structural layers (lime- and cemente
stabilized layers) in pavement performance and to determine the compara=-
tive performance between a full-depth high-quality crushed stone and the
stabilized layers during simulated aircraft traffic. The comparative
performance between the stubilized layers and similar pavements consist-
ing of unbound granular base and subbase materials previously tested in
the Multiple Wheel Heavy Gear Load (MWHGL) test section was also
determined.

A test section was constructed within two items of the existing
MWHGL test section at the U. S. Army Engineer Waterways Experiment Sta-
tion in order to utilize the existing W=CBR clay subgrade. The test
section consisted of four 2h-in.-thick items. The structural layers
above the subgrade for the respective items were: item 1, a 15-in.=-
thick lime-stabilized lean clay layer overlaid with 6 in. of crushed
stone and 3 in. of asphaltic concrete (AC); item 2, a 15-in.=thick
cement-stabilized lean clay layer overlaid with 6 in. of crushed stone
and 3 in. of ACj; item 3, a 2l-in.=-thick crushed stone base and 3 in., of
AC; and item 4, a 21-in.-thick cement-stabilized clayey gravelly sand
layer overlaid with 3 in. of AC.

Items 1 and 2 were trafficked with a 360-kip 12-wheel assembly, a
160-kip twin-tandem assembly, and a 50-kip single-wheel assembly;
items 3 and 4 were trafficked with a 200-kip twin-tandem assembly and
a 75-kip single-wheel assembly. Mixed traffic was applied to item 4
with the 360-kip 12-wheel and 75-kip single-wheel assemblies.

The test items utilizing stabilized structural layers as elements
in the flexible pavement performed as well as or better under traffic
than the same thicknesces of conventional pavement previously tested
in the MWHGL test section.

xi
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EVALUATION OF STHUCTURAL LAYERS
18 FPLEXIDLE PAVIMENT

PART 1: INTRODUCT ION

1. Recent tests conducted at the U, . Army Engineer Waterwaysa
Experiment Statiorn (WES) have shown that flexible pavements constructed
using asphalt-gtabilized cubbasez and base courses and sesbrance
enveloped soil layers (MESL) over a lowestrensth clay subgrade sustalned
considerably more traffic of a given loading than did comparable sece
tions of the same total thickness of conventionsl pavement in which un-
treated granular base and subbase materials were mo«d.l’2 ™is perfor-
mance indicates that the quality of construction materials used in the
layered system has a significant effect on pavemnt behavior. Theree
fore, it was decided to evaluate the effectivencss of lime- and cemen’e
stabilized layers in pavement performance and to determine comparative
performance between n fulledeptn highequality crushed stone and the
stabilized layers. The same type vheel configurations, vhich simulated
multiple=vheel grars of lurge nevw alrcraft (such as the C=5A and Boelng
T4T), vere used on the structural layer test sections as v 're used dure
ing the recent Multiple Wheel ileavy Gear load (MWIIGL) tests conducted at
the wm.3

Oblective
2. The obJective of thiz Investigation vas to Investigate the

relationship between the strength of stabilized soll layers incorporated
in pavement systems and the load-carrying abilit, of such systems,

Scope

3. The obJective of this investigation vas accomplished by the




construction and traffic testing of a specially designed test section

consisting of four items as described herein. This report describes the

test section, traffic testing, and results of the tescts.




PART II: TEST SECTION

Design

General

4. In the recently completed3 MWHGL test section, to which these :
tests relate, the total thicknesses of the flexible pavement test items
were based on medium-load pavement requirementsh with reductions in

thickness so that failures would occur at traffic-volume levels that

normally could be expected during a period of from a few weeks to sev-
erol years on > prototype airfield. From the results of these tests and
all prior pavement behavior data, it was determined for the purpose of
this test section that a total thickness of about 24 in.* was adequate
to provide a test pavement that would generally fail at & practical
coverage level and yet yield sufficient data for analysis. The primary
variable being evaluated in this test section was the structural layer
and type stabilizer and/or material type used tor subbase and base
course layers,
Description

5. The structural layer test section was located in the west por-
tion of the MWHGL test section where items 1 and 2 of the original test
section had been constructed (plate 1). The bituminous base course and
MESL test sections, which were constructed and tested after the MWHGL
test section, also had been located in about this same area. The meneu-
ver area on the west end was reconstructed; test item 3 of the original
MWHGL test section was used as the maneuver area on the east end.

6. A plan and profile of the test section are shown in plate 2.
The test section was 120 ft long and 60 ft wide and consisted of four
iteme, each 30 ft long and 60 ft wide. All four items had total thick-
nesses of 2k in. and were constructed over a heavy clay subgrade having

an initial strength of about 4 CBR. Grades were established for a

®* A table of factors for converting British units of measurement to
metric units is presented on page ix.




transverse slope of 0.75 percent from west to east. These grades al-
lowed the test section to tie in with the remnants of the MWHGL test

section. A detailed description of each item is as follows:

Location Construction
Item 1 3-in. asphaltic concrete

6-in. crushed stone base
15-in. lean clay subbase stabilized with
3.5 percent lime

Item 2 3=-in. asphaltic concrete
6~in. crushed stone base
15-in. lean clay subbase stabilized with
10 percent cement

Item 3 3=in. asphaltic concrete
2l=in. crushed stone base

Ttem & 3=-in. asphaltic concrete
2l-in. clayey gravelly sand base stabi-
lized with 6 percent cement

Heavy clay subgrade

7. The subgrade of the MWHGL test section was used tor this test
section. It consisted of a heavy clay (CH) material having a liquid
limit (LL) of 73, plastic limit (PL) of 25, and plasticity index (PI) of
48. The heavy clay material was classified as a Clt soil according to

).?

the Unified Soil Classification System (USCS Classification duta for
this soil are shown in plate 3. Laboratory compaction and CBR data for
the ase-molded and soaked conditions nre shown in plates 4 and 5. These
data indicate a CBR of about U to S at molding water contents of from 30
to 32 percent for both the ns-molded and souked conditions.

Subbase courses

8. Hydrated lime- and portland cement-stabilized lean clay subbase
courses, 19 in. thick, were constructed in items 1 and 2, respectively.
Prior to stubilization, the soil that was stabilized was classified as
a lean clay (CL) according to the USCS with a LL of 34 and PI of 12,
Clussification data for the lean clay are shown in plate 3.

9. lLaboratory compaction and CBR tests were pertormed on the un-
treanted, lime-treated, and cement=-treated lean clay. The compaction

requirements for- the lean clay when used as a subgrade or subbase in




airfield construction would normally be about equal to a CE 12 compac-
tion effort;6 therefore, the CE 12 laboratory compaction effort was used
in preparing the specimens for tests. In previous soil stabilization
studies conducted at WES with lime and cement stabilization, unconfined
compression tests have been used for evaluating the strength of the
stabilized materials. Typical data, taken from a contruct study con-
ducted for WES,7’8 showing the relation between water content, dry den=-
sity, and unconfined compressive strength for the lean clay treated with
3, 6, and 10 percent cement are given in plate 6. The linear relatio.a-
ship between log CBR values and log unconfined compressive strength
values determined in the same contract study is shown in plate 7. For
this study the CBR test was used as an indicator for measuring the
strength of the untreated and lime- and cement-treated lean clay soil.

10. Luboratory tests were performed on soil and lime=-soil speci=-
mens to determine the amourt of lime needed to raise the pH of the lime=-
soil to 12.4 and the lime content to a level above which further
strength increases would not be significant,.9 Density (CF 12 compac-
tion) and CBR tests were performed on untreated and treated (3 and
5 percent lime) specimens in the as-molded unsoaked and after=-soaking
conditions (plate 8). These data showed that an untreuted specimen com-
pacted at 16 percent water cortent resulted in an as-molded strength of
about 48 CBR as compared to 92 und 99 CBR for specimens with lime con-
tents of 3 ani 9 percent, respectively. After u four-day soaking pe=-
riod, the strength of the untreated specimen was reduced to uabout
10 CBR, showing the sensitivity of the soil to water saturation. How-
ever, the CBR's of the specimens treuted with lime and molded at ubout
16 percent water content were between 90 and 95 after a four-day soaking
period. Based on the results of these tests and the possibility of loss
of lime during the mixing process, a lime content of 3.5 percent was
selected to stubilize the lean clay.

11. Plate 8 also shows gempnction and CBR data for soil specimens
treated with 9, T, und 10 percent portland cement. Tuese cement cone-
tents were selected by following the procedure for estimating cement re-

quirements for expedient subgrade construction described in reference 9.
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The as-molded strengths of the specimens treated with 5 and 10 percent
cement and compacted at a water content of 16 percent ranged from 210 to
315 CBR. After u four-day soaking period, the strengths increased to a
range of 242 to 355 CBR. Based on the results of these laboratory
tests, a design cement content of 10 percent wuas used to stabilize the
lean clay subbase of item 2.
Base course

12. Th raterial used for the conventional base course in the
west maneuver area and items l=3 of the test section was a4 crushed lime-
stone that met the requirements of Guide Specification CE 807.07.lo
Classification data are shown in plate 3.

13. A 2l-in.=-thick portland cement-stabilized clayey gravelly
sand base course was constructed in item L., This material, classi-
fied as SP-SC according to the USCS,5 had a LL of 23 and PI of 11
(plate 3). Laboratory compaction end CBR data for the untreated soil
are shown in plate 9. These data indicated that maximum density wus ob-
tained at water contents between .5 and 9 percent, depending on the
compauction effort. After the optimum water content was determined for
the untreated soil, laboratory specimens were then prepared at cement
contents of 5, 7, and 10 percent. These cement contents were selected
using the procedure described in refereance 9. Duplicate cement-treated
specimens were compacted, using the CE 55 effort only, at optimum water
content (7.5 percent) and at two percent wet of optimum (9.5 percent).
Only the CE 55 compuction effort was used, because compaction require-
ments for an SP-SC soil when used as a base material in airfield con-
struction would normally be equal to the CE 5% compaction effort. One
test specimen ut each molding water coutent and percent cement treatment
was . .ted for CBR ufter a seven-day humid cure, and then the duplicate
specimen was tested after a seven-day curing plus a four-dy souking
period. The results of these tests ure shown in plate 10. Both the
compaction and CBR data in plate 10 show«;d that higher densitics and

strengths were obtained when the water content of the soil prior to the

treatment with portland cemeat was 7.5 percent and after a four-day

Py
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soaking period. A desipgn cement content of 6 percent was selected to
stabilize the clayey gravelly sand.

Asphaltic concrete

1h., A mix design tor the asphaltic-concrete surfacing layer was
prepared utilizing 3/b-in. maximum-size crushed limestone, sand filler,
and 85=100 penetration grade asphalt. The limestone was obtaimed in two
sizes: 3/hk-in. to No. U aggregate and minus No. h screenings. Average ]
gradation curves tor the two limestone materials and the sand filler are

shown in plate 11. The gradation curve of the blended stockpile aggre-

gates used for the asphaltic-concrete mixture and the gradation specifi-
cation limits are shown in plate 12. The gradation limits were taken

1 Labora-

trom tuble II, gradation 11 of Guide Specification CE 807.22.
tory mix design properties are shown in plate 13. From these data, a
design asphalt content of U perecent was selected for the asphaltic-
concrete mixture.

Instrumentation

15. All tour test items were instrumented with stress gages
(pressure cells) and strain sensors, us shown in plate 14, Stresses
were measured only at the top ot the subgrade, but movements within the
gsoil=pavement system were measured at depths of from 3 to 33 in., Verti-
cal movement as well as horizontal movements in two directions were x
measured in the subbase and subgrade of items 2 and . Detanils of the
instrumentation, installation of sensors, and collection and 1reduction

of instrumentation data are given in Appendix A.

Construction

General

16. Excavation, construction of the structural layers, and final
paving phases of the test section occurred during October and November
1970, First, excavation to a depth of approximately 24 in. below the
existing grade was accomplished in the existing MESL and bituminous b:. :
test sections, which were located in items 1 and 2 of the original MWHGL

flexible pavement test section. This exeavated area was 60 ft wide and




120 ft long. The material to be removed in this area was pushed up with
a D=6 dozer, end loaded into a dump truck, and hauled away. The excava-
tion operation is shown in photo 1.
Subgrade

17. The existing subgrade at the test site was the heavy clay
described in paragraph 7. This subgrade, which was constructed for the
MWHGL test section and was later used for the MESL and bituminous base
test sections, had a strength of about 5.2 CBR at the surface. There=-
fore, the upper 6 in. of material was reprocessed to reduce the strength
to about a CBR of 4 and then fine bladed to the design elevation of
24 in. below finished grade. Photo 2 shows the subgrade after fine
blading and preparation of the trenches for instrumentation cables,

Subbase and base courses

18. Stabilized soil. The structural layers of items l-U4 were

constructed concurrently. Prior to applying a stabilizing agent, the
subbase and base materials to be stabilized were processed to approxi-
mately the desired water content and then placed in the various test
items in approximately 6-in.-thick loose layers, which resulted in 5-in.
compacted 1lifts. After placement of the loose materials for each lift,
bags of lime or cement* were placed in the respective items at prede-
termined intervals to give the desired amount of stabilization (photo 3).
The lean clay in items 1 and 2 was stabilized with 3.5 percent lime and
10 percent cement, respectively. The clayey gravelly sand in item 4 was
stabilized with 6 percent cement. The stabilizing agent was spread in
each item and then thoroughly mixed to a depth of about 6 in. with a
pulvimixer (photo U4).

19. After the lime or cement was mixed in the soil and prior to
compaction of each 1ift, water content determinations were made. The
average results of these data were 17.6, 16.7, and 7.0 percent for

items 1, 2, and 4, respectively.

* The lime used as a stabilizing agent in item 1 was high-calcium,
normal hydrated, Type N, meeting ASTM Specification C-207. Type 1
normal portland cement conforming to Federal Specification SS-C-192b
was used in items 2 and .




20. To prevent rutting of the subgrade, a relatively light roller
was used for compaction of the bottom two layers of material (approxi-
mately 10 in.). The roller was a self-propelled, 30-ton, seven=wheecled,
rubber-tired roller (photo 5) with a tire pressure of 90 psi. ‘The third
layer, 15 in. above the subgrade, was compacted with ecight coverages of
4 50=ton, four-wheeled, rubber-tired roller with a tire inflation pres-
sure of 150 psi.

21. The average as-constructed water content of the ~ubbase in i
items 1 and 2 was 17.6 and 15.7 percent, respectively, which resulted in
an initial dry density of 106.9 pct and u CBR of 80 for item 2. A f
water content of 4.5 percent, dry density of 133.7 pef, and strength of
285 CBR were measurcd for the cement-stubilized base of item b at a
depth of 9 in. below the finished grade. The upper 6-in. portion of the
cement-stabilized base in item 4 was placed following completion of the

crushed stone base in items 1=3. The water content, dry density, and

strengtl. of this portion were 2.7 percent, 139.8 pet, and 202 CBR, re-
spectively. A summary of the as-constructed soil data is presented in
table 1.

22. Crushed stone. Three difterent sizes of crushed stone

(1-1/2-in. maximum, 3/k-in. maximum, and screenings) were proportioned
through the cold=-bin feeder at the asphalt plant to produce the grada-
tion chown in plate 3. The material was saturated in a surgebin hopper
prior to loading on dump trucks for transport to the section and place-
ment in items 1=3. The lifts of crushed stone in the lower 15 in. of
item 3 were placed concurrently wit: &i1e lower lifts in items 1, 2,

and 4. The base course in items 1 =% 2 and the upper portion of item 3
were placed in one lift of approximalily 6 in. by use of a spreader
(photo 6). The as-constructed water content, dry density, and strength
of the crushed stone base in item 3 2t a depth of approximately 9 in.
below finished grade were 1.7 percent, 140.6 pet, and 35 CBR, respec-
tively. Compaction was accomplished, as shown in photo 7, with 8 cov-
erages of the 30-ton and 30 coverares of the 50-ton, rubber-tired
rollers described in parasraph 20. As shown in table 1, the strencth

of the surface of the crushed stone base in items 1-3 ranred

9




from 132 to 200 CBR. After compaction was completed, the section was
primed (see photo 8) with approximately 0.4 gal per sq yd of MC-1 cut-
back asphalt.

Asphaltic concrete

23. The asphaltic concrete for the wearing course was mixed in a
central hot-mix batch plant at WES and was placed with a Barber-Greene
asphalt finisher in 10-ft-wide longitudinal lanes (photo 9). Placement
temperature of the mixture was about 300 F. The wearing course, which
was abcut 3 in. thick after compaction, was placed in one 1ift. GShortly
after placement, the mixture was compacted by breakdown rolling with a
10-ton tandem steel-wheel roller, followed by 10-12 coverages of a
30-ton self-propelled, rubber-tired roller with tire inflation pressure
of 90 psi (see photo 105. Finish rolling was accomplished with the tan-
dem steel-wheel roller.

24, A summary of stability, flow, voids, and density data for
laboratory- and field-compacted asphaltic-concrete specimens is shown in
table 2. Data from the field-compacted mixture are for cores cut imme-
diately after compaction and after various coverages of traffic with the
12-wheel assembly. 'These data will be discussed in more detail later in
this report.

Instrumentation installation

25. Installation of the i-.struments was accomplished in conjunc-

tion with the construction operations of the test sections. The instal-

lation is described in Appendix A.




PART III: TRAFFIC TESTS AND RESULTS

Test Conditions and Procedures

General

26. Traffic tests were performed on the lanes indicated in
plate 2 from December 1970 to March 1971. Three specially designed test
carts were used to tralfic the lanes. A description of the test carts,
traffic patterns, failure criteria, and performance of the test section
during traffic are discussed in the following paragraphs.

Test carts

27. The 12-wheel-assembly test cart shown in photo 11 was usea to
traffic lane 1. This assembly represented one main gear of the C=5A
aircraft. The cart was powered by a prime mover with electric drive
wheels and was operated in such a manner that these drive wheels did not
traffic the test lane. The 12-wheel assembly consisted of two load
boxes, each of which was carried by six load wheels, resulting in the
12-wheel arrangement shown in plate 15. The boxes were loaded to a net
weight of 360,000 1b, which was distributed equally over the 12 wheels.
Each test wheel was equipped with U9x17, 26-ply rating tires inflated to
100 psi, resulting in a tire contact area of 285 sq in. per tire and a
contact pressure of 106 psi.

28. 1Twin-tandeme-assembly traffic was applied using the test cart
shown in photo 12. The wheel spacing, shown in plate 15, typified one
twin-tandem component of the T4T aircraft assembly. The test cart con-
sisted of a load box supported by an A=frame and wac towed by a Cater-
pillar Model 619 tractor. The load box, which was carried by the four
test wheels equipped with 49x17, 26=ply rating tires, was loaded to a
net weight of 160,000 1b (40,000 1b per wheel) or 200,000 1b (50,000 1b
per wheel), depending on the items trafficked. The 200,000-1b load was
selected for items 3 and b so failure would occur at a reasonable number
of coverages. At the 40,000-lb-per-wheel load, the tires were inflated
to 140 ps , giving a contact area of about 290 sq in. and an average
contact pressure of 138 psi. When the test wheels were loaded to
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50,000 1b per wheel, the tire inflation pressure was raised to 180 psi,
which resulted in an average contact area of about 285 sq in. and a con-
tact pressure of approximately 176 psi.

29. The 50,000~ and 75,000-1b single-wheel assemblies consisted
of a load box supported by an A-frame and towed by a Caterpillar 619
tractor. The load box was equipped with a cingle test wheel with a
56x16, 38-ply rating tire. The tire on the test wheel was inflated to
170 psi for the 50,000-1b load and to 290 psi for the T75,000-1b load.
The resulting tire contact area and average contact pressure for the
50,000-1b loaded test wheel were 280 sq in. and 179 psi, respectively.
A contact area of 270 sq in. was measured when the test wheel was loaded
to 75,000 1b and inflated to 290 psi, which resulted in an average con-
tact pressure of 278 psi.
Test lanes and traffic patterns

30. Plate 2 shows the location, width, and length of each lane

trafficked and the assembly used to traffic the lane. The lanes are
identified according to the number of wheels and net weight of the as-
sembly. Except for the additional T5-kip single-wheel-assembly traffic
applied in the center of the 360-kip 12-wheel lane of item 4, each lane
consisted of a portion of the test section on which no traffic had pre-
viously been applied.

31. Lane 1 was 200 in. wide and 120 ft long (plate 2). All four
items were trafficked at an assembly net weight of 360,000 1b. Traffic
was applied with the 12-wheel assembly by following five guidelines,
which were painted on the surface on 16-in. centers (approximately one
tire width). The distribution of traffic coverages® over the 200-in.-
wide traffic lane, after one complete pattern of traffic, is shown in
plate 16. To apply a traffic pattern, the test cart first traveled for-
ward for the full length of the test lane along guideline 1 (south side
of traffic lane) and backward along the same line; then the cart was

shifted laterally to run the adjacent line. After tracking line 5 at

* The term "coverapges" as used herein indicates a measure of wheel load
repetitions for the full tire print width on any given area of the
pavement surface,




the north side of the lane, the guidélines were traveled in reverse
order. In order to produce even distribution of traffic coverages over
the center 60 in. of the traffic lane, guideline 3 was tracked twice
when the cart was traversing the lane from south to north but only once
vhen going from north to south. This procedure resulted in a total of
22 passes of the load cart for each pattern of test traffic. Each pat-
tern of traffic resulted in 32 coverages of a test wheel over the center
60 in. of the test lane.

32. Twin-tandem-assembly traffic was distributed over lane 2, as
shown in plate 16, by following five guidelines, which were painted on
the pavement. Items 1 and 2 were trafficked with an assembly weight of
160,000 1b, and items 3 and 4 were trafficked with an assembly weighing
200,000 1b. To apply the traffic over the 10-ft-wide lane (plate 16),
the load cart first traveled forward for the full length of the test
lane along guideline 1 (south edge of the traffic lane) and then back-
ward along the same line. The cart was then shifted laterally to run
the adjacent line in the same manner. This procedure was followed for
all five guidelines, which positioned the load cart on the north edge
of the traffic lane. To obtain the desired traffic distribution shown
in plate 16, the procedure used for trafficking lines 1-5 was repeated
three times for lines 2-k4, and then two additional passes were applied
with the test cart following guideline 3. This pr-.cedure completed one
pattern of traffic for the twin-tandem assembly. A total of 30 passes
of the test cart was required to apply one pattern of test traffic.

Each pattern of traffic resulted in 20 coverages of a test wheel over
the center 60 in. of the test lane, 16 coverages over the adjacent
15 in., and 4 coverages on the exterior 15-in. portions.

33. Lane 3 was 98 in. wide. Items 1 and 2 were trafficked with a
50,000-1b single-wheel load, and items 3 and 4 were trafficked with a
75,000-1b single-wheel load. In the application of traffic, the vehicle
was driven forward and backward along the same path (one of seven guide-
lines), then shifted laterally a distance equal to one tire print width,
and then the process was repeated. Therefore, when the test cart had

traversed the full distance across the test lane, a total of two
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coverages had been applied over the test lane. Traffic was applied in
n approximately normal distribution pattern, as shown in plate 16. The
interior 42 in. of the traffic lane received 100 percent of the applied
traffic, and the exterior portions of the lane received 80 and 20 per-
cent, as shown. Single-wheel-assembly traffic was applied in the same
manner to the 98-in. interior portion of item 4, lane 1, after com-
pletion of 12-wheel-assembly traffic.

Pavement temperature

34. Trafficking of the test section commenced during December
1970 and continued through March 1971. The average pavement tempera-
ture, as determined from measurements at the surface and the bottom of
the asphcltic-concrete layer, ranged between 40 and 92 F.

35. A traffic and pavenent temperature distribution curve for

each of the traffic lanes is shown in plate 17. These curves were de=-
rived from records of the pavement temperature and number of coverages
made hourly during traffic. As can be seen in plate 17, the 12-wheel-
assembly traffic was applied when the pavement temperature was coolest
(betwcen 40 and 77 F), and then the additional T5-kip single-wheel traf-
fic in the 12-wheel lane of item U was applied when the pavement tem-
. perature was 15 to 25 F warmer. The test seccion was trafficked by the
two twin-tandem assemblies when the pavement temperature was between U7
and 85 F and by the single-wheel assemblies when the pavemert tempera-
ture was between 54 and 92 F,

Failure criteria

36. In judging failure of the test items, distinction was made
between settlement due to traffic compaction and distortion due to shear
deformation. Settlement, as the result of densification of the base and
subbase under accelerated traffic, was anticipated because it was not
possible to apply a maximum compaction effort on the bottom layers of
the subbase directly above the weak clay subgrade. The term "shear
deformation" as used herein refers to excessive plastic movement or, in
the extreme, to rupture of any element in the pavement structure.

37. A pavement item was considered failed when either of the fol-

lowing conditions occurred:




a. Upheaval in excess of 1 in. of the pavement surface ad-
Jacent to the traffic lane.

b. Surface cracking to the extent that the pavement was no
longer waterproof.

Collection of Instrumentation Data

38. Static loading tests were made with the 30-kip-per-wheel
single- and 12-wheel assemblies before any traffic wac allowed on the
test section. Twin-tandem and single-vheel 50-, 60-, and 75<kip load
tests were made after 10,000 coverages of the 12-wheel assembl: on
item 4, Data were recorded under static test loads at various coverage
levels, under special moving load tests (runs about 3-5 mph down se-
lected rows), and under all of the 12a-wheel traffic (3=5 mph) on each
item. Recorded data for 12=wheel traffic to and past failure ranged
from 201 coverages on item 1 to 10,000 coverages on item Lk and an addi-
tional 200 coverages of T5-kip single=wheel traffic on the 12-wheel lane
of item 4., Details of the collection of instrumentation data are given

in Appendix A.

Behuvior of Pavement Under Traffic

39. Observations of the behavior of the test items were recorded
throughout the traffic test period. These observations were supple=-
mented by photos. Level readings were taken on the pavement prior to
and at intervals during traffic to show the development of permanent
deformation of the pavement under the assembly load for the lane being
observed. After failure, a thorough investigntion was made by excavate
ing test trenches across the traffic lanes and by establishing profiles
of the surface of the various layers in the structure, along with CBR
measurements and other pertinent tests to determine where failure had
occurred. The behavior of each item under traffic is summarized below.
The data obtained during the traffic tests are presented in Appendix B.
Item )

40. The pavement structure in item 1 was composed of 3 in. of
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asphaltic concrete over a 6-in. crushed stone base with a 15-in. subbase
of lean clay stabilized with 3.5 percent lime. The behavior of this

pavement was as follows:

Load, kips Coverages to
Assembly Per Tire Total Failure
12 wheel 30 360 198
Twin tandem Lo 160 140
Single wheel 50 50 Lo

ltem 2
L1. The pavement structure in item 2 was the same as that of
item 1, except that the lean clay subbase was stabilized with 10 percent

cement. The performance of this item is summarized below:

Load, kips Coverages to
Assembly Per Tire Total Failure
12 wheel 30 360 1200
Twin tandem Lo 160 1000
Single wheel 50 50 120

Item 3

42, 1Item 3 consisted of 3 in. of asphaltic concrete over a

21-in.-thick (full depth) crushed stone base. This item performed as

follows:
load, kips Coverages to
Assembly Per Tire Total Failure
12 wheel 30 360 5000
Twin tandem 50 200 890
Single wheel 5 [P 50

Item b
L3, The pavement structur: of item 4 was composed of 3 in. of
asphaltic concrete over a 2l-in. base course of clayey gravelly sand

stabilized with 6 percent cement. The behavior of this pavement was as

follows:
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Load, kips Coverages to

Assembly Per Tire Total Failure
12 wheel 30 360 10,L06%
Twin tandem 50 200 1,810
Single wheel 15 5 120
Mixed-12 wheel 30 360

-Single wheel 75 15 200%%

* Traffic discontinued, pavement in satisfactory condition.

##% Same area trafficked by 10,406 coverages of 1l2-wheel
assembly. Failed by 200 coverages of T5-kip single=-wheel
load.

Summary
Lk, A sumary of the traffic test results for the various loading

conditions on the test section is shown in table 3. Most of these data
are self-explanatory; however, some columns need further explanation as
given in the following paragraphs.

k5, Rated subgrade CBR. The rated CBR values of the subgrade

were based on the numerical average of the CBR values measured immedi-
ately after construction and after traffic (table 1). The CBR values
used were obtained “rom tests conducted at the surface of the subgrade
and at depths of 6 and 12 in. in the subgrade. All values obtained in a
given test item from the various traffic lanes were used in the averages
for rating the strength of the test item. In general, the CBR of the
subgrade was quite unifcrm in each test item; the rated subgrade CBR
values were 5.0, 4.3, 4.3, and 4.2 for test items l-U, respectively.

L6, Deflection. The deflection values shown in table 3 represent
the maximum total deflection extrapolated from the measured values taken
prior to traffic testing and at the coverage level indicated.

L7. Maximum permanent deformation. ‘The values listed in table 3

were obtained {rom cross-sectiun elevation measurements taken on the
pavement surface prior to traffic and at the coverage level indicated.
L8. Upheaval. The upheaval values tnbulated were obtained from
cross-section elevation measurements taken prior to traffic and at the
coverage level indicated. Upheaval adlacent to the traffic lane was an
indication of shear deformation in some element of the pavement struc-

ture. In this study, a test item was considered failed when upheaval
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measurements of 1 in. or more were made.

49, Pavement cracking. Pavement cracking extending throuvgh the

3-in.=thick asphaltic concrete was a condition considered in the failure
criteria. Where pavement cracking is described in table 3 as "severe,"
this condition (i.e., pavement cracking through the 3-in.-thick asphal-
ti . concrete) existed, and the items vere evaluated as tuiled. "Slight"
cracking denotes narrow cracks that did not extend through the asphaltic

concrete layer,
50. Rating of test items. It can be noted that puvement failure

developed in all test items with the exception of item " when subjected
to the 360-kip 12-wheel-assembly traffic. Traffic was discontinued in
this item prior to faflure, because the performance of the item during
traffic, along with no increase in deflection, indicated that a large
number of coverages would be required to produce fajilure. From failure-
investigation test trenches, it was determined that failure of the items
was primarily from futigue cracking of the wearing surfuce due to high
deflections of the pavement structure. There was no distinct evidence
of subgrade shear deformation in any of these items after fajlure, OSome
consolidation of the crushed stone base material in items 1-3 occurred
during traffic. OJevere alligator cracking, which was indicative of ex-
cessive movement of one or more of the underlying layers and/or fatigwe
of the surface, was present after all failures. At failure, this type
of cracking had reached the point that the pauvement was no longer

wvaterproof,
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PART IV: ANALYSIS OF TEST RESULTS

fervice Life Versus CBR

51. A relationship between traffic coverages to failure (service
life) and the as-constructed soil strength (CBR) of the stabilized sube
base courses in items 1 and 2, the dbase course {n item 3, and the sta-
bilized base course in item 4 {is shown in plate 18. The subbase of
ftem 1 vas stabilized with lime, vhile cem:nt was used to stabilize the
subbase of item 2 and base of item L. The base course of item 3 con-
sisted of crushed limestone and vas not chemically stebilized. FPlate 18
shows that the number of coverages to failure increased ac the as-
constructed CBR of the structural layers increased and that item 4, for
vhich the CBR of the stubilized base was fnitially 285, vas in satis-
fuctory condition vhen traffic was discortinued at 10,406 coverages.

Performance Comparisons

52. Number of coverages to fuilure versus thickness for flexibdle
pavement items s.bjected to traffic of the ¥0-kip l2-wheel assembly are
shovn in plate 19. This comparison includes data from the MWHCL and the
structural layer test sections.

53. The pavement items in the MJHCL test section all consisted of
n 3=in.=thick layer of asphaltic ccncrete and 6 in. of crushed stone
base over various thicknesses of gravelly sand subbase with a 4=CBR clay
subgrade (plate 1). The pavement, base, and subbase materials all met
current CE desig quality requirements for the various elements of the
pavement structure; the MWHGL test section was considered to represent
conven’ional pavement construction.

94, All of the points plotted in plate 19 for the MWHGL test sec-
tion are for failure conditions, except for item 5, which was still in
satisfactory condition at the end of traffic after 3850 covernges. This
plot shows a straighteline relationchip, on a semilogarithmic scale, of
coverages to feilure versus th!'kness for test items loh of the MWHGL
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test section. Extrapolation of this relationship indicated that approx-
imately 20,000 coverages of the 360-kip l12-wheeleassembly traffic would
have been required to fafl test ftem 5.

55. Coverase levels at failure versus total thickness for the
structural layer test items are also shown in plate 19 for direct com-
parison with the behavior of the conventional construction. Each of the
test items in the structural layer test section had a total thickness of
2L {n, over a L-CBR clay subgrade. (For a complete description of each
item, see paragraph 6.) Item 1 of the structural layer test section
failed at 198 coverages, as compared to 104 coverages for item 2 of the
MWHGL test section; both of these items had a total thickness of 2k {n.
By read.ng the thickness required for a conventional pavement, according
to plate 19, it is indicated that a total thickness of 26.2 in. would be
required to sustain 198 coverages of 360-kip 12-wheel-nssembly traffic.
By this same type of comparison, a total thickness of 32.6 und 37.2 in.
of conventional pavemen? would be required to withstand 1200 and 5000
coveragea, respectively, vhich were the respective fajilure levels feor
items 2 and 3 of the structural layer test section. The data shown in
plate 19 indicate that about LO in. of conventional pavement would be
required to sustain approximately 10,000 coverages of traffic, which was
the coverage level vhen traffic was discontinued on unfailed item L of
the structural layer test section.

56. Similar plots of coverages versus thickness for test items
subjJected to 50- and T9-kip single-whecl-assembly traffic are shown in
plates 20 and 21, respectively. Test items 1 and 2 of both test sec-
tions were subjected to S0-kip single-wheel-assembly traffic, vhile
traffic vas applied with the TS-kip single-vheel aunsembly to {tems 3
and L of the structural layer test section and to ftems ' und 5 of the
MWHGL test secction. The coverage-thickness relationship shows that, for
the 50-kip single-vheel-assembly traffic, only about 20 in. of conven-
tional pavement would be needed to sustain 40 coverages (failure of
structural layer test section item 1) and approximately 22.5 in. of con-
ventional paves:nt would support 120 coverages (faflure of structural

layer test section item 2). During the 75=kip single-vhecl-nssembly
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traffic, failure occurred in structural layer test section item 3 after
90 coverages and in item L after 120 coverages. The coverages versus
thickness relationship shown in plate 21 for the 75-kip single=wheel
assembly indicates that L0 and 45.5 in. of conventional pavement would

be required to withstand 50 and 120 coverages, respectively.

Discussion of Traffic Results

57. Test results indicate that the full-depth high-quality
crushed stone base (item 3) performed better under the 360-kip 12-wheel
asgsembly than did the pavement structures with lime- or cement-
stabilized lean clay subbase layers (items 1 and 2)., Item 3 was rated
as failed after 5037 coverages, as compared to 198 and 1432 coverages
for items 1 and 2, respectively. However, the full-thickness cement-
stabilized clayey gravelly sand layer (item L) performed much better
than item 3. After 10,406 coverages, traffic was discontinued in item 4
vhen it was still evaluated as in satisfactory condition.

58. 1Items 1 and 2 were trafficked with a lighter gross load than
items 3 and 4, with both the tvin-tandem and single-wheel assemblies.
Under these loading conditions, item 1 failed before item 2, and item &4
failed after item 3, Approximately two times the amount of traffic was
required to reach fajlure in item L as was required for failure in
item 3.

59. The results of the comparisons reported herein indicate that
the performance of pavement Structures that incorporated stabilized ma-
terials was better in most cases than that of conventional pavements of
the same thickness where granular unbound base and subbuse materials
vere used. Under the 3060-kip 12-wheeleassembly traffic, a pavement con-
sisting of 3 in. of asphaltic concrete, with either a 6-in.-thick
crushed s%tone base and 15-in.-thick cement-stabilized lean clay subbase,
a 2l-in.=thick crushed stone base, or a 2l-in.=thick cement=-stabilized
clayey gravelly sand base, will withstand 10 or more times the volume of
traffic us will the same thickness of conventional pavement. This ree-

lationship is also true for the full-depth crushed stonc bause item and
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the cement-stabilized clayey gravelly sand thickness trafficked with a
T5-kip single-wheel asserbly.

60. Data measured in the failure-investigation pits indicate that
the CBR's of the lime- and cement-stabilized lean clay layers were greater
at failure than when they were constructed and that the CBR of the
cement-stabilized clayey gravelly sand was somewhat less after failure
(202 as compared to 159 CBR). These failure data were taken after ad-
ditional traffic had been applied to the respective items and, in most
instances, after a time lapse of 20 to 30 days from the date of failure.
During this time lapse, cementation in the stabilized layers could have
developed. The data in plate 22 indicate that the stabilized materials
increased in CBR with time. The data in this plate were obtained in
tests of material outside the traffic lanes or in an undisturbed area.
Therefore, it is believed that the strength data recorded in the stabil-
ized layers are not necessarily indicative of the strengths of each re-
spective layer at failure. Although the data for the strength of the
stabilized soil are questionable, the observations and the deflection

and deformation measurements made during the trafficking and at failure

of these items indicate that:

a. The full-depth high-quality crushed stone performed bet-
ter than the structures that.included lime- or cement-
stabilized lean clay subbases.

|

The full-depth cement-stabilized clayey gravelly sand
performed better than the full-depth high-quality crushed
stone layer.

Instrumentation Data Reduction and Analysis

61. An initial reduction of data has been performed; however,
since test section and instrumentation work under the Military Engineer
Design and Expedient Construction Criteria Program is still being con-
ducted, the presentation of the data and a formal analysis will be given
in a future report. Listed in Appendix A are some preliminary maximum

values measured in the test section.
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¥ PART V: CONCLUSIONS

62. Based on the results of tests reported herein, the following

conclusions are believed warranted.

a. The concept of utilizing stabilized structural layers in
flexible pavement is highly recommended.

b. The performance of the lime-stabilized subbase material
was as good as that of similar pavements constructed of
unbound granular base and subbase materials, as used in
the MWHGL test section at WES, when trafficked with a
360-kip 12-wheel assembly.

c. The performance of the cement-stubilized base and subbase
materials and the full=depth highequality crushed stone
base course material was better than that of similar
pavements constructed of unbound granular base and sub-
base materials, as used in the MWHGL test section, when
trafficked with a 360-kip 12-wheel assembly.
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Summary of Thickness, CBR,

Total
layer Thicknecss
Test Elevation Thickness in.
Jtex Assembly  Station location Material ft ft 1in. Design Ac
1 . 3elh5 € ftem Acphaltic conmcrete 1%3.88 0.19 2,28 24,00
Crushed stone bace 193.69 0.k0 L.BO
Lize-ctabilized subbase (CL) 193.29 1,25 15.3%0
Subgrade (CH) 192,01
(ci) 191.51
(cit) 191.01
(cit) 190.01
2 - 3015 € iten Acsphaltic conzrcte 193.81 0.21 2.52 24,00
Crushed ctone bace 153.€0 0.L1 4,2
Cezent-stabilized subbase (CL) 193.19 1.31 15.72
ubgrade (CH) 191.58
(cH) 191.38
(cu) 190.85
(cu) 189.88
3 - 2:85 € iten Asphaltic concrete 193.08 0.23 2.7 2,00
Crushed stons base 193.39 1.7+ 20.88
Crushed stone base 12.89
ubgrade (Cif) 191,05
(cit) 191.15
(cit) 190,65
(cu) 189.65
b - 2¢595 C iten Asphaltic concrete 193.52 0.23 2.7¢ 2L.00
Cementestabllized base 193.29 1.82 21.54
Cementestabilized base 192.79
ubgrade (Cit) 191,47
(ci) 190.97
(ci) 190,47
(cu) 189,47
1 30 xip 350 € traffic Asphaltic consrete 13,7~ 0.23 2.7 2%.00
12 sheel lane Crushed stone base 194.51 0.41 4,2
Lize-=tabilized su.base (CL) 193.10 1.39 16, 3%
Syberade (CH) 191.Th
(cu) 191,24
(ci) 190. T4
1 370 vip 1450 outside Asphaltic comcrete 193.¢ 0.25 3.0 24,00
12 sheel traffic Crushed stone bace 193.41 0,30 u.f
lane Limc-stabilized subbace (CL) 193,02 1.24 14.89
Subgrade (CHt) 191.78
(cu) 191.23
(ci) 190.78

* CE 59 compaction effort.

** CE 12 compaction effort,
t All base and subtace aseconstrusted data were taken one day aflter compaction of the respective layers.
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Water-Content, and Density Data

¥ater Content
s Prior to
Traffic Compaction
Actual Coverages %

CBR

tructed Data

22,44 0

18.7

22,55 0

18.3

6.2

22.57 0

n
%3

N N

& oW F
Y S

Dry Density Percent
Water Laboratory
Content In-Flace Laboratory Density 3

4 A B A/B Date Tested
4.9 140.1 140x 100 November 6, 1970
17.6 104.5 103, bxx 101 November 4, 1970
31.3 87.5 91.5% 9% -

32.2 86.4 88, 0% 98 -
32.7 86.3 86.5*% 100 -
34.0 83.8 86.0* 97 -

6.0 132.5 1h0* 95 lovember 6, 1970
15.7 105.9 105.5%* 101 November 4, 1970
32.7 85.3 86.5% 99 a
33.1 84.5 86.5% 98 -

31.8 87.1 88.0% 99 -

31.3 87.3 90.0% 91 -

b4 41,4 140x 101 Hovember 6, 1970

1.7 140.6 140x 100 November k4, 1970
31.3 87.5 90. 5% 97 -

32.7 85.8 86.5% 9 -

31.9 86.8 88.0* 9 -

33.1 84,3 86,0% 9 -

2.7 139.8 - - November 6, 1970

b.s 133.7 - - November L4, 1970
32.5 85.3 88,5+ 96 -

32,2 85.8 88,0 98 -
32.3 87.3 86.5% 101 -
31.8 86.2 88.5% 97 -

SINT 146.8 140 105 December 23, 1970
19.4 103.1 103, 3** 100 December 23, 1970
29.2 88.7 92.6% 96 =
26,9 91.1 96. 8% 9% =
29.2 88.6 92, 6% 96 =

.3 149.0 140 107 December 23, 1970
19.1 103.0 103, 3% 100 December 23, 1970
28 55 38.6 92 . 0% 90
8. T 89.2 914 5% 98

(sheet 1 of 3)




—

Layer Thic
Test Elevation Thickness
Item Assembly Station Location Material £t Y im, Design
2 360 kip 3+20 € trafric Asphaltic concrete 193,63 0.32 3.84 24,00
12 vheel lane Crushed stone base 193.31 0.33 3.96
Cement-stabilized subbase (CL) 192,98 1.33 16.00
Subgrade (CH) 191.65
(CH) 191.15
(cH) 190.65
outside Asphaltic concrete 193.68 0.37 4. bk 2k, 00
traftic Crushed stone base 193.31 0.33 3.96
lene Cement-stabilized subbase (CL) 192.98 1.38 16.55
Subgrade (CH) 191.60
{CH) 191.10
(CH) 190,60
3 360 kip 2+80 L traffic Asphaltic concrete 193.34 0.22 2.64 24, 00
12 wheel lane Crushed stone base 193.12 1.68 20.16
Subgrade (CH) 191,14
(cH) 190.94
(CH) 190, 4
outside Asphaltic concrete 193.39 0.29 3.48 24,00
traffic Crushed stone base 193.10 1.64 19,68
lane Subgrade (CH) 191.46
(cH) 190.96
(cH) 190.46
h 160 kip 3+50 L traffic Asphaltic concrete 193.91 0.29 3.48 24,00
Twvin tandem lane Crushed stone base 193.70 0.4 5,28
Lime-stebilized subbase (CL) 193.26 1.2% 14,88
Subgrade (CH) 192.02
(cH) 191.52
(cH) 191.02
outside Asphaltic concrete 194,00 0.2+ 2.88 24,00
traffic Crushed stone base 193.76 o0hk2 5,04
lane Lime-stetilized subbase (CL) 193. 3k 1,27 15.24
Subgrade (CH) 192,07
(cH) 191.57
(CH) 191.07
2 160 kip 3+20 € traffic Asphaltic concrete 193.92 0.26 3,12 2k.00
Twin tandenm lane Crushed stone base 193.h¢ 0.38 L.56
Cement-stabilized subbase (CL) 193.08 1.38 16,5
Subgrade (CH) 191.7¢
(cH) 191.20
(cH) 190.70
outside Aspha’tic concrete 193.84 0.22 2.0k 2l, 00
traffic Crush.d stone base 193.62 0.47 5.64
lane Cement-stabilized subbase (CL) 193,16 1.25 15.00
Subgrade (CH) 191.90
(cH) 191.40
(cH) 190. 90
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. Table 1 (Continued)

water Content Dry Deasity Percent
58 Prior to _pef Inboratory
Traffic Compaction InePlace Iaboratory Density
Actual Coverages A B A/B Date Tested
23.80 1871 = — = 5 =
1.9 149.5 WO 107 Januwary G, 1471
20.5 107.4 - - Janwury 6, 1971
34.5 85.1 B4, 0n 101 -
32.2 87.2 87.5* 100 c
1 32,6 E1.b 86,9» 101 -
24,95 0 - - - - -
3.2 15T 1hon 112 January 0,
20.9 106.6 - - January 0,
34,2 84.9 84,1 101 -
30.1 91.0 90,0+ 100 .
33.6 86.7 85.0% 1L -
22.80 5037 = 3 > = =
1.9 1k b L0 103 Jaauary 12, 1971
32.5 86.7 86, 100 .
29.9 87.7 914 % -
32.1 85.6 87,5 28 c
23.16 0 - - - - -
1.6 14T 1h0¥ 100 Jamaary 12, 1971
33.4 3.9 85.7% » -
29.5 91.2 R.1» 99
31.0 33.6 89.9~ »
22.58 140 - - - - a
ab 1474 0% 105 March 30,
20,4 98.5 103. 3** 9% March 30,
33.0 86.3 . 1r 100 -
31.9 37.0 88.0* » -
32,9 85.7 86,4 100 -
23.16 0 o - - -
9.7 1hon 107 ¥arch 30,
1w 103, 3¢+ 2 March 30,
86.6 86,8 100 -
£9.3 90" 5] -
87.1 88.1+ ) -
ok 24 1000 - - o 2
5.2 10 104 April ©, 1901
107.0 - - April 0, 19
8.f 83.5¢ 101 ! e
86, ¢ 36, 8w 100
86.95 85.9 101 -
21.60 0 - - - A
3.2 140" 1wWe April 6, 1971
107.4 - - April 6, 1972
8h . B, 1)) n
86.1 86,94 )
B85.1 85.8% 5]

(sheet o of 3)




Total

layer Thiekne
Test levation Thickness in.
ITtem Assembly Statlon location laterial ft r't in, Deslin
3 200 kip 2+90 L traffie Asphaltle eoncrete 193.h0 0.23 2.75 24,00
Twin tandem lane Crushed stone bace 193,17 1.57 18.8h
Subgrede (CH) 191.C0
(ci) 191.10
(cH) 190.€0
outside Acphaltie concrete 193.77 0.19 . 24,00
trafflc Cruched stone base )3.58 1.88 a2,
1nne ubgrade  (Clf) 1,1.70
(cit) 191,20
CH) 190.70
1 50 kip +50 € traffic Asphaltic conorete 133,54 d.19 s 4,00
{ngle wheel lan2 Crushed stone bace 194.7 0.47 o (54
Lime-stabilized subbase (CL) 193.2% 120 1304
ubgrade (Cit) 192,.1
Clt ) 101.¢
(ch) 190.1
2 50 ki 3+20 L traffle sphaltie ccnorete 1,3.7 0,21 .52 4. 00
‘inzle wheel lane Crushed stone base 173.57 0.52 ]
Cerentestabllized subbase (CL) 193.05 1.21 1h.52
ubgrade {CH) 191,654
(cn) 191,34
cH) 190,04
3 T5 kip 2+ 90 T traffic sphalt{e con:rete 1:,3.01 0.23 2.7 h,oC
inzle wheel lnne Cruched stone base 193.38 1.6 19.9
ubgrede (CH) 191,72
(ci) 191.22
Inn) 1‘4)007?
s 75 ®1 a3 L tr { nere - - = bo X
in:le wheel lune Cerentestubilized base - S &
outside ephaltiec con:rete - - - %, 00
traffie Cementestabilized base - - o
lane

++This I8 In addItion to 10,40, coverapges ot the 370-klp, 12avheel nssembly,
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Table 1 (Concluded)

Total water Ccntent Dry Density Percent
Thickness Prior to Water pef Iaboratory
in, Truffic Compaction Content,  In-Place laboratory Density
Desipn Actual Coverages 13 CBR 1, A B A/B Date Tested
2,00 21.70 890 - - - - - -
63 1.3 143.2 140" 100 April 8, 1971
2.4 3.8 38.3 <0,0" 98 -
h,Oo 31.2 8.2 89, b b3) e
0y 3 7.8 88,1* 100 -
24.00 2, B 0 - 5 5 & o =
o7 0.6 138.4 140* 29 April 8, 1971
2.3 p.2 86.0 37.5* 9 !
3.6 30.3 8.7 %0, (¥ 93
' 32.2 7.3 87.5* 100 -
“-00 ‘1.) 760 v = - - - -
53 3.9 151.8 140 100 March 30, 1971
3 18.8 103.3 103, 3%+ 100 March 30, 1971
?,‘) 51'0 ',(,.1 }u",.ll 100 -
Al M.T 7.5 8.1* )] -
32.7 37.3 86,8 101 -
24,00 23,2 120 - & & - g
2 25 16, 7 140" 105 -
10 19.9 105.2 - - aApril 6, 1971
1.7 35.5 3,2 2,0 101 April 6, 1971
2.9 32.3 7id 8T. 5% 100 =
1.9 M8 .9 .2 101 -
2k.00 22, 50 - & . L - =
4 1.3 M6, 1or 10% April 8, 1971
3.0 30. Al 7.5" 101 -
.3 29. 3.9 1, lee v \pril 10, 1971
.0 31,9 7. ¢ . O" 100 -
24,00 - 2004+ - L 5 - . -
159 6.2 1.1 - - April 16, 19T1
24,00 - 0 - s = = =
261 T 137.% - -

(sheet 3 of 3)
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APPENDIX A: INSTRUMENTATION

1. All test items were instrumented with stress gages (pressure
cells) and strain sensors, as shown in plate Al. Stresses were measured
only at the top of the subgrade, but movements within the soil-pavement
system were measured in the subbase and subgrade of items 2 and 4. The
vertical movements can be accumulated arithmetically to give partial
deflection; all of the movements can be divided by their respective gage
lengths to determine vertical and horizontal strains.

2. A total of 61 instruments were installed: 8 stress gages and
53 strain sensors. The stress gages and motion sensors were all in-
stalled in duplicate. The instrumentation in each item was located
across the center of the 12-wheel traffic lane and in the center of each
item. The locations of the instruments were such that, when static load
tests were conducted with the 12-wheel configuration in the center of
the traffic lane of each item, the back inside tires of the front six
wheels would be directly over duplicate instruments. From previous work
with the 12-wheel assembly (volume III, reference 3*), it has been de-
termined that either of the back inside tires of the front six wheels is
the maximum load point for the range of depths investigated in these

items.

Description of Gages and Sensors

3. The stress gages were WES 50-psi earth pressure cells. These
cells are accurate to +10 percent of the indications. Detailed descrip-
tions of the WES earth pressure cells and their installation are given
in references 12 and 13.

k. ‘The strain sensors were manufactured by Bison Instruments,
Inc. A strain sensor system consisting of zensors and an external in-

strument package was used for the tests. The sencors were individual

¥ All references refer to similarly numbered items in the Literature
Cited which rollows the main text.

Al
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disk-shaped coils, and their principle of operation involved the elec-
tromagnetic mutual inductance coupling of two sensors. A receiver sen-
sor can be placed anywhere within the electromagnetic field surrounding
a sensor excited by an oscillating current. Movement of one sensor with
respect to the other results in a change of the electromagnetic coupling
between the two. Maximum coupling change will occur when a sensor moves
normal with respect to the lines of equal potential, and this indicates
primarily an x-movement in a three-dimension case. A y- or z-movement
or rotation is a secondary movement and is in the apparvent order of 5 to
15 times the x-movement required to produce the same coupling change.
There are three alignments that result in couplings normal to the lines
of equal potential: vertical, luteral, or perpendicular. Vertical and
lateral alignments result in movements ulong a line of 45 degrees on an
equal potential plot, and perpendicular alignments are along a l-to-2
sloping line. Movement in any other aliemment recults in a coupling
change indicating the resultant of an x~, y-, and z-motion.

5. The change in electromagnetic coupling is a nonlinear function
of movement; however, the change can be calibrated very accurately with
resolution and repeatability of spacing change better than 0.0001 in.
Once the calibration curve is established, movements smaller than
0.000001 in. can be accurately meusured; however, depending on the use
and application, the modes of the meuasured motion (y-, z-, and/or rota-
tional motion) will establish the magnitude of the significant numbers
if the notion modes have not be n included in the calibration curve.

6. The sensors have no mechanical connection between them and
operate at any spicing between one and four times the nominal sensor
diameter as long as there is no disturbance of the induced electromag-
netic field, such as metal between or around the sensors. Magnetic or
highly conductive material within the electromagnetic field has two
possible effects: to act as a sink absorbing enersy, thus reducing the
field strength; or to act as a conductor, thus amplifying the field
strength. Both of these effects have been observed.

7. The physical environment of the sensors, both constant or

changing, needs to be and can be calibrated. If this is done and the

A2
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y-, z=, and rotational modes of motion are included_in the calibration
curves, the significant figure is less than 1 x 10-6 in. The observed
effects of environment are to shift the calibration curves parallel so
that the change along a curve is always constant.

8. 'The sensors have an AC current excitation and can be connected
to the voltage readout equipment in only one manner for them to work,
and the coupling either increases (movement together) or decreases
(movement apart) in strength.

9. The external instrument package to which the sensors were con-
nected was a field=-use instrument that contained all necessary driving,
amplification, balancing, -eadout, and calibration controls as well as a
self=-contained power supply. Changes in sensor spacing could be deter-
mined by means of bridge balance, meter deflection from zero, or voltage
output on a recorder connected to the rear panel of the instrument pack-
age. The instrument package used for this study could detect both
static and dynamic strain. Response time of the instrument was about
0.1 msec.

10. Bison strain sensors are available in 1=, 2-, and U-in.-diam
sizes; the L-in.-diam size was used in this study. Photo Al shows one
hoin.-diam coil. Columns of sensors can be used as shown in plate Al
with the interior coils of the columis acting as common sensors to two

locations.

Installation

11. 1Installation of the instruments was accomplished in conjunc-
tion with the construction of the test section. Locations of the gages
and sensors are shown in plate Al; the plan and layout of the test sec-
tion are shown in plate A2.

12, After the subgrade was prepared and fine bladed, h-in.-diam
holes for the vertical column fages were augered to a 33-in. depth in
each item. Sensors were placed, the holes were backfilled with the
original material, and the material was hand tamped. In items 2 and k,

1/b= by L-in. slots were cut with a knife to the proper depth, and the
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sensors for tre horizontal measurements were installed in such a manner
as to form an imaginary axis centered 4.5 in. below the subgrade. The
gages at the top of the subgrade were not installed until after the
first 1ift of subbase had been pulvimixed and compacted in order to
avoid destruction of the gages during the pulvimixing operation. Imme=-
diately after the compaction, U- and 6-in.-diam holes for the duplicate
sensors and stress gages, respectively, were cut to the top of the sub-
grade.* The gages and sensors were placed, and the holes were back-
filled before the stabilized subbase material begun curing. For item 3,
the gages and sensors were also installed after placement of the first
lift. The stress gages were seated in the subgrade, and a layer of
fines from the crushed stone base course material was placed over them
for protection from abrasion by large aggregate particles. In item 4,
fines from the clayey gravelly sand were used to protect the stress
gages.

13. The construction operation continued to a few inches above a
16.5=-in. depth, and sensors for horizontal measurements were placed in
items 2 and 4, as shown in plate Al. The sensors were placed in slots
using the same procedure described for the subgrade. When the construc-
tion operation reached the 9-in. depth, all sensors for this depth were
placed, and the construction continued on top of them. When the 3-in.
depth was reached, all sensors and cables for the pavement/base inter-
face were placed and then covered with a thin layer of cold-mix asphalt
for protection from the heat anticipated from the hot mix. The hot-mix
asphaltic=concrete surface was then placed and compacted above the
coils. All coil and gage cables were run in a cable trench at each in-

stallation elevation. The cable trenches ran to the north side of the

* Had the subbase material not been mixed in place, the sensor instale
lations would all have been made when the proper elevations were
reached in the construction operations. Even though holes were cut
and backfilled, the soil disturbance was believed to have been held to
a minimum and not to have significantly affected the sensors. Any
disturbance of the soil surrounding a sensor or soil arching action
caused by a rigid sensor was negligible in comparison with the distance
and area of undisturbed soil between two sensors.

Al
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test section, where the cables were carried into a central instrumenta-

tion house. This last step completed the instrumentation installation.

Collection of Instrumentation Data

14. Plate A2 gives the gear configuration, load, and type of load
test conducted on each test item, and plate A3 shows the gear arrange-
ments and spacings. As mentioned in paragraph 2 of this appendix, the
gages and sensors were located so that the back inside tires of the
front six wheels of the 12-wheel assembly would be in position over du-
plicate instruments at the time of loading. For other wheel assemblies,
the gage and sensor locations were loaded independently; the stress
gages were loaded first, and then the strain sensors.

15. As each item was statically loaded, the gages and sensors
were monitored; readings were taken before, during, and after loading.
The load assembly was left in place long enough for approximate equilib-
rium to occur before the final loading reading was taken. After loading
an item, the assembly was kept off of it until approximate equilibrium
of recovery was reached (volume III, reference 3). These first static
load tests were made with the 30-kip-per-wheel single- and 12-wheel
assemblies before any traffic was allowed on the test section. Twin-
tandem and single-wheel, 50-, 60-, and 75-kip load tests were made after
10,000 coverages of the 12-whcel assembly on item 4. A second load
point was used after the one under the tire, and it was located at the
centroid of the back four of the front six wheels of the 12 wheels and
at the centroid of the twin-tandem assembly. Data were recorded under
static test loads at vario»us coverage levels, under special moving load
tests (runs about 3-5 mph down selected traffic rows), and under all of
the 12-wheel traffic (3-5 mph) on each item. Recorded data for 12-wheel
traffic to and past failur2 ranged from 201 coverages on item 1 to
10,000 coverages on item 4 and an additional 200 coverages of 75-kip
single-wheel traffic on the 12-wheel lane of item 4. Table Al shows a
summary of the test schedule.

16. No gages were lost throughout the load testing and traffic;
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however, prior to any tests, a strain sensor failed in item 4 at the
33-in. depth in the south column. The sensor had a shorted circuit and
failure was probably due to moisture penetrating the coil housing.

There was a duplicate sensor at the 33-in. depth in the north column.

Data Reduction and Analysis

17. An initial reduction of data has been performed; however,
since the test section and instrumentation work under MEDECC was in
progress at the time of this reporting, it has been considered appro-
priate to present the data and a formal analysis in a future report.
Listed in tables A2 and A3 are some preliminary maximum values measured
in the structural layer test section.

18. The first step in data handling was the conversion of instru-
ment indications into values of measurement in the form of pounds and
inches. For the stress gages, each gage had a calibration factor to
convert indications into pounds per square inch of pressure. Manually
recorded indications were multiplied by the calibration factor; however,
mechanically recorded indications were scaled directly into pounds per
square inch. Calibration curves for the motion sen. rs were programmed
into a computer, and the indications from both manual and mechanical re=-
cordings were also put in. The computer output was the distance in
inches that each indication represented. From the above conversions,
the data in the form of induced stress and movement were acquired by
utilizing the hypothesis of soil behavior set forth in volume III-B of
reference 3.

19, Tables A2 and A3 show indications of cyclic behavior patterns
of both stress and strain, respectively. The mechanically recorded traf-
fic data showed these patterns distinectly and indicated that they were a
function of load position and history. This cyclic behavior has an am-
plitude that is a function of load, position, soil strength, and load
repetitions, and it has a wave form that is a function of the number of
gear wheels. Similar behavior patterns were recorded in the MWHGL tests

(volume III-B, reference 3). Also incorporated in this behavior are
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vertical strain reversals from compression to tension that are a func-
tion of load, position, and soil strength. These same behavior patterns
(only isolated portions of the above-mentioned wave form) were observed
within the structures of the Stockton Airfield tests in the late
l9h0's.15
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Table Al

l Schedule of Instrumentation Tests
Item Gear Load
No. Configuration kips Type of Load Test
1 Single wheel 30 Static
C-SA twelve wheel 360 Static, traffic
[ 2 Single wheel 30 Static
C-5A twelve wheel 360 Static, traffic
3 Single wheel 30 Static
C-5A twelve wheel 360 Static, traffic
I Single wheel 30 Static
f Single wheel 50 Static, moving¥*
] Single wheel 60 Static, moving¥*
Single wheel 75 Static, moving,* traffic
747 twin tandem 160 Static
T4T twin tandem 200 Static
C-5A twelve wheel 360 Static, traffic

* Runs down selected traffic rows.




Table A2
Maximum Static Vertical Elastic Subgrade Stress
(Measured Under Load Wheels)

Stress, psi ;
Single-Wheel Load Twin-Tandem 12-Wheel .
Item kips Load, kips Load i
No. Coverages 30 50 60 75 160 200 360 kips i
1 0 18.1 - - - - - 20.4 ;
96 - - - - -- - 27.3 1
201 -- - - -- -- - 24,2
2 0 15.3 -- -- -- -- - 18.4
96 -- -- -- -- -- -- 23.4 [
1,327 -- - - -- -- -- 12.4 |
3 0 25.8% -- - - - - 2k g% m
96 -- - -- - - - 29.6%
1,515 e - - — o - 30.2%
5,000 - - -- - - - 27.0%
b 0 7.3 -- - - - - 10.0
96 -- - - -- - -- 14.8
1,515 -- -- - - - -- 16.2
5,000 - -- - -- -- - 18.4
10,000%# -- 28.5 28.0 30.0 21.6 20.0 16.%

Note: Dashes indicate that no tests were performed.
* About 100-percent overregistration due to arching action of the
crushed stone base material,
#% After 10,000 coverages of the 12-wheel assembly, static tests
were run in the following sequence: 12-wheel 360-kip load; twin-
tandem 160- and 200-kip loads; single-wheel 50-, 60-, and 75-kip
loads.
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Table A3
Maximum Static Vertical Elastic Subgrade Strain
(Measured Under Load Wheels)
Straigimloh in./in.*
Single-Wheel Load Twin-Tandem 12=Wheel
Item kips Load, kips Load
No. Coverages 30 S0 60 75 160 200 360 kips

1 0 +70 - - - -- - +60
96 -- -- -- -- -- - +69
| 201 - -- - - - .- +52
2 0 +30 - - -- - — +39
96 - - -- -- -- - +47
" 1,307 - == - —_— - - +00
8 0 -29 = o == - -- +38
96 - .- - -- -- - +38
" 1,515 - - - -= = - +00
! 5,000 -— - -- -- -- - +30
L 0 +19 -—- - - -- - +31
96 - - - -- -- - +101
1,515 -- -- - - -- - +18
5,000 -- - -- -- -- - +24
10,000%% -- +53 +56 +57 +3h +i2 +20

* Plus symbol indicates compression; minus symbol used before value to
indicate tension. Dashes indicate that no test was performed.

#%  After 10,000 coverages of the 12-wheel assembly, static tests were
run in the following sequence: 12-wheel 360-kip load; twin-tandem
160- and 200-kip loads; single-wheel 50-, 60-, and T5-kip loads.
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APPENDIX B: BEHAVIOR OF PAVEMENT UNDER TRAFFIC

1. Observations of the behavior of the test items were recorded
throughout the traffic test period. These observations were supple-
mented by photographs. Level readings were taken on the pavement prior
to and at intervals during traffic to show the development of permanent
deformation of the pavement under the assembly load for the lane being
observed., After failure, a thorough investigation was made by excavat-
ing test trenches across the traffic lanes and by establishing profiles
of the surface of the various layers in the structure, along with CBR
measurements and other pertinent tests, to determine where lailure had
occurred, The data obtained during the traffic tests are presented in
the following paragraphs. A layout of the test se¢tion is shown in
plate Bl.

360-kip l2-wheel Assembly (Lane 1)

Traffic tests

2. Item ]l (lime-stabilized lean clay subbase). A general view of

item 1 prior to traffic is shown in photo Bl. Initial cracking, which
consisted of small hairline cracks aporoximately 2 ft long, was observed
after 6L coverages. These cracks occurred at longitudinal paving-lane
construction Jjoints about 3 ft inside both edges of the traffic lane.
During the remainder of traffic, these cracks tended to open and close
as the test cart traversed the 200-in.-wide lane. After 99 coverages,
the construction-=Jjoint cracks were about 20 ft in length and had a muxi=-
mwn width of 1/16 in. Intermittent hairline cracks located 1-1/2 ft
either side of the center line of the traffic lane were also observed,
throughout the length of the test item, ut this time. After 198 cover=-
ages, this item was considered failed {photo B?) because of the severe
cracking in the center 3 ft of the lane and along the construction
Joints (photo B3). The cracks at these locations went completely
through the pavement and, in some instances, were ubout 1/2 in. wide.

In addition to these cracks, alligator cracking was observed over the
Bl
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entire item. After all failure data had been recorded, the arca was
overlaid with landing mat, and traffic was continued on items 2-4,

3. Item 2 (cement-stabilized lcan clay subbase). An overall view

of item 2 prior to traffic is shown in photo Bk, Distress of the pave=-
ment was first noticed at 172 coverages of traffic., This distress was
a continuation of the construction=joint cracking that originated in
item 1. As traffic was continued, the cracks on either side of the
10=-ft-wide paving lane bccame longer. After 201 coverages, they were
approximately 1/32 in. wide and cxtended thc length of the item. A
close=up of this type of pavement cracking is shown in photo B5. At
268 coverages, hairline cracks were noticed at the transition of items 2
and 3. As traffic continued, thesc cracks rapidly became wider. After
783 coverages, an area betwecen 2 to 3 ft cither side of this transition
had cracked completely through the pavenment.

4, To prevent the cracks in the transition areu between items 2
and 3 from migrating further into cither item, an arca 4 ft wide on
cither side of the transition was repoired., This maintenance consisted
of removing the asphaltic concrete und the: adding base course material
until the surface of the base coursc was 1-1/2 in. below the asphaltic-
concrete surface. This area was then surfaced with an aluminum landing
mat. A neoprenc membranc was used under the mat to prevent surface
moisture from entering the base course.

5. HNew hairline cracks developed in the center 5 ft of the lanc
at about 790 coverages. After 1135 coveruges, the cracks located ap-
proximately 2-1/2 ft south of the center line of the traffic lane were
opening and closing as the test cart moved from one side of the lane
to the other side. This item was considered failed at 1200 coverages
duc to cracks extending completely through the pavement. ‘The most sc=-
vere cracks were located 2-1/2 ft south of the center line and about
3 ft inside cach cdge of the paving lane (i.e., at the construction
Joints). There were also hairline longitudinal cracks and alligator
cracking throughout the item, and 1/6h-in.-wide cracks were evident

about 2=1/2 ft north of the center line at failure. Although the item

B2
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was considered failed at 1200 coverages, traffic was continued to
1342 coverages (photo B6).
6. Item 3 (full-depth crushed limestone base). A view of item 3

prior to trat'fic is shown in photo B7. Pavement cracking was first de-
tected at 27h coverages. This deterioration consisted of small hairline
cracks approxiuately 3 ft long on either side of the paving lane (at the
longitudinal construction Joints). These cracks were located at the
west end of the item and seemed to be a continuation of those observed
in item 2. After 789 coverages, the cracks along the construction
Joints had increased to about 20 ft in length. No additional distress
was observed at this time. The transition area between items 2 and 3
was repaired, as described in the preceding paragraph, to prevent the
cracks in item 2 trom migrating into item 3.

T. After repairing the transition area, traffic was continued.
As traffic was applied, the construction-Joint cracks increased in
length, und, after 1349 coverages, the Joint on either side of the
10-ft=wide paving lane had cracked the entire length of the item. OSmall
intermittent huirline cracks were ualso observed throughout the item
after 1349 coverages in the 100 percent coverage zone of the traffic
lane. The item was rated in satisfactory condition at 1509 coverages.
An overall view of this item at 1509 coverages is shown in photo BS.

8. A view of the small intermittent cracks existing in the
100 percent coverage zone at this time is shown in photo B9. Most of
thesc cracks were iongitudinal to the direction of traffic. As traffic
continued, the rundom cracking throughout the item and the cracked con-
struction Join's became wider, which indicated an inereuase in cruack
depth. Therefore, after 274k coverages, areas exhibiting the widest of
these two types of cracks were cored to determine the -dapth of cracking.
This investigation indicated that the cracks in the 100 percent coverage
zone were approximately 1 in. in depth, and those at the construction
Joint were about 1-3/4 in. deep, as shown in photos B10 and Bll, respec-
tively. When the traffic coverages reached about 4500, the cracks began
to open and close to a slipht extent as the test cart traversed the test

lane. Cores taken after %000 coverages in the severely cracked areas,

B3
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i.e., the 100 perceng coverage zone and construction Joints, indicated
that the cracks extended completely through the pavement. Therefore,
this item 3 was considered failed at 5000 coverages. At failure, the
cracks at the construction Joints were long and continuous along both
seams of the paving lane, and those in the 100 pcrcent coverage zone
were of the alligator type. Small alligator-type cracks were observed
throughout the test lane at failure,

9. Item I (full-depth stabilized clayey gravelly sand base).

Very little distress was observed on the pavement surfuce of item 4 dur-
ing the 360-kip, 12-wheel-assembly traffic. A general view of this item
prior to traffic is shown in photo Bl2. At about 1515 coverages, a very
small hairline crack in the construction Joint located about 3 ft south
of the north edge of the traffic lane and three small cracks perpendicu-
lar to this crack were noted. The item was rated as in excellent condi=-
tion at this time and was in the general condition shown in photo Bl13.
After 5046 coverages, small hairline cracks werc detected about two
wheel-print widths from the north side of the tratfic lane. Three 1/32-
to 1/16-in.-wide cracks were perpendicular to these hairline cracks and
extended to the edge of the traffic lane. Traffic was continued to
10,406 coverages, and the only change in the condition of the pavement
was development of several small cracks extending out from the cracked
construction Jjoint, as shown in photo Blk, Indications were that a
large number of coverages would be required to produce failure; there-
fore, traffic was discontinued.

Pavement deflection

10. Pavement deflection measurements were made in the traffic
lane at about the midpoint of ench item of the test section prior to the
start of traffic. The term "deflection" us used in this report indi-
cates the total vertical movement that occurred under the static weight
of the load wheels. The measurements were obtained with level instru-
ments by reading rods (engineer sceles) at prearranged positions on
lines parallel and transverse to the direction of traffic. Rod readings
were first taken with the load off the pavement, then the test cart was

moved forward until the centroid of the front six wheels of the 12-wheel




ussembly was at the desired prearranged position, and then & second

series of readings wus taken with the load wheels on the pavement.
Readings were taken adjacent to and between the loud wheels. The dif-
ference in rod readings with loud on and loud off indicated the vertical
movement or totul detlection of the pavement wider load. Readinge were
ulso taken after the load was removed to determine what amount of' Lhe
vertical movement was elustic deflection or rebound of the pavement.
11. Plots of the totul deflection measurements tuken prior to
test traffic and at or near failure of each item are shown in plates B2
and B3, From these data, it cun be seen that the total deflection in
items 1-3 prior to trafric was about 0.25 in. and in item 4 about
0.21 in. The maximum total deflection measured at failure in the three
failed items ranged from 0.30 to 0.41 in. The plots also indicate that
the maximum deflection measured in item 4 was about 0.20 in., after
10,406 coverages of traffic, which was about the same or slightly less
than the initial deflection. The readings taken after the load wus re=-
moved indicated that 95 percent or more of the deflection meusured wus
elustic. Tne deflections measured during the trauffic neriod, tabulated
in table 3 of the main text, showed that as traffic was applied deflec-
tion increased in items 1-3 and remuined about the same in item 4., This
determination indicates that a continued increuse in deflection ic a
sign of a pavement structure approaching failure.

Permanent pavement deformation

12. Level reuadings were taken across the tect lune at predeter=- ]
mined stations prior to truffic and at various intervals of traffic.
These observations were made to determine the magnitude of pavement de-
formation resulting from traffic. Typical cross sections for the four
test items are shown in plate B, These datu indicated thut the mauximum
permanent deformation at failure in items 1 and 2 wus approximately
1l in. and was about 2 in. in item 3. Maximum upheaval of the puvement
occurred about 1 ft outside the edge of the traffic lane. After failure
in items 1-3, the maximum upheaval measured wus 0.36 in. After 10,406
coverages on item U, no upheaval was apparent, and the maximum deforma-

tion detected was 0.8h4 in.

BS
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Failure investigation
130

the traftic lane to determine the extent of distortion of the various

After failure of an item, a trench or test pit was cut across

elements of the pavement structure. In-place CBR, water content, and

P

density determinations were also made of the different elements as the
trench was excavated. In addition, the thickness of each type of mate=-
rial and the total thickness of econstruction above the subgrade were
measured.

1k, It should be noted that the
pits in items 1-3 were recorded after these items had been overlaid with

These

tf'‘ailure data measured in the test

landing mat and additionul traffic applied. items were overlaid

with landing mat, and they were used as a muneuver area, while traffick-

ing continued on the adjacent items.

was
and

the

not lost during the traffic period.

By following this procedure, time

However, as shown in tables 1

3 of the main text, the failure pits were excavated (depending on

respective item) after about 1200 to 5000 additional coverages had

been applied on the landing-mat overlay and after a time lapse of 19 to
28 days after failure. Therefore, the failure data are not necessarily
indicative of the strength of euch item at failure due to the additional
coverages and the time lapse between failure of an item and the tuking
of the failure data.

15,

shown in plates B5-B7, respectively.

Pit profiles of the investigation trenches for items 1-3 are
The CBR test recults, layer thick-
nesses, and other pertinent data for all test items are taubulated in
table 1 of the main text. The as=constructed thickness measurementis
tabulated in table 1 (main text) were determined trom level rod readings
tuken as each element of the puvement structure was constructed, and the
at'ter-traffic thiecknesses were determined as each element of the pave=-
ment structure was removed in the various investigation pit locations.
16. Plots of the investigation trenches for items 1 and 2 (plates
B5 and B6) indicate that there was very little luteral movement of the
base, subbase, or subgrade during the traftic perjod. The data in
table 1 (main text) indieate that the strength of the base course in
less after failure than it was after construction.

items 1 and 2 was

RE
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The strength of the base in item 1 decreased from 200 CBR to L4 CBR in-
side the traffic lane and to 85 CBR outside the traffic lane. The as-

constructed strength of the base in item 2 was 180 CBR, as compared to

72 and 59 CBR after traffic, inside and outside the traffic lane, re-

spectively. These data also indicate that the lime-=stabilized lean

clay increased from 38 to 84 CBR during traffic and that the cement-

stabilized lean clay in item 2 increased from 80 to 121 CBR during

traffic. The subgrades in items 1 and 2 were rated at 5.0 and 4.3 CBR,

respeetively.
17. The pit profile of item 3, shown in plate B7, indicated a

slight amount of lateral movement of the crushed stone base material.

The data summarized in table 1 (main text) indicated that the strength

of the base course at the surface was about 132 CBR prior to traffic, as
The subgrade of this item was

compared to about 86 CBR after traffic.

rated at 4.3 CBR.
18. 1Item 4 was in satisfactory eondition when traffic was discon-

tinued after 10,406 coverages; therefore, no investigation trenches were

excavated at that coverage level.

160-kip Twin-tandem Assembly (Lane 2)

Traffie tests
19. Traffic with the 160-kip twin-tandem assembly was applied

only in items 1 and 2, because it was estimated that a very large number

of eoverages at this load would be required to fail items 3 and k.

Item 3 was overlaid with landing mat and used as a maneuver area for

the 160-kip load cart.
20. Item 1 (lime-stabilized lean clay subbase). A general view
Cracks in the asphal-

of item 1 prior to traffic is shown in photo B15.

tic concrete were first noted after 40 coverages. These were hairline

to 1/32-in.-wide craeks approximately 1 ft in length loeated in the east

half of the item in the 100 percent eoverage zone of the traffie lane.

Traffie was continued to 140 coverages, at which time the item was

considered failed because the crueks extended through the asphaltic
BT
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concrete. ‘These cracks were longitudinal to the direction of the traf-
fic and were from 1/8 to 3/8 in. wide and about 12 ft long. Small hair-
line cracks were also detectcd throughout the item at this time. As can
be seen in a general view of item 1 at failure (photo Bl6), most of the
larger cracks occurred in that part of the item adjucent to item 2. A
close=up of the cracks in the 100 percent coverage zone is shown in
photo Bl7. After failure data were tuken on the surtace of the pave=-
ment, the traffic lane was overlaid with landing mat, and traffic wacs
continued on item 2.

21. Item 2 (cement-stabilized lenn clay subbase). A general view

of item 2 prior to traffic is shown in photo Bl18. The tirst distress,
alligator-type cracking located in the center 6 ft of the traffic lane
and in that half of the item nearest item 1, was observed after about
600 coverages. The alligator cracks became more numerous and increased
in width as traffic continued. After about (60 coverages, the alligator
cracks in the west half of the item were approximately 1/8 in. wide, and
small hairline cracks were observed in the center 6 ft of the lane in
the east portion of the item. After 1000 coverages, this item was rated
as failed dur to alligator-type crucking, such as that shown in

photo Bl19, occurring throughout most of the west half of the item (see
photo B20). Thece cracks were about 1/h iun. wide and extended through
the full thickness of the asphaltic pavement. Also at failure, hairline
to 1/8-in.-wide alligntor cracks were noted in the center 6 ft of the
east half of the item, and & construction Jjoint located about 1 ft from
the north edge of the traffic lane was cracked for the length of the
item.

Pavement deflection

22. The general procedure described in paragraph 10 of this ap-
pendix was followed to obtain deflection measurements in this lane.
Plots of the total deflection taken prior to traftic and at failure are
shown in plate B8, These data indicnted that the total deflection in
each respective item was approximntely the same initially and at fail-
ure. The initial totnl deflection in items 1 and 2 was 0.21 and

0.23 in., respectively. At tuilure, the totnl deflection in item 1

B8
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increased to 0.42 in. and in item 2 to 0.45 in. Approximately 90 per-
cent of the total deflection in item 1 and 76 percent of the total de=-
flection in item 2 were elastic at O coverages. At failure, 83 percent
of the total deflection in item 1 and 87 percent of the total deflection
in item 2 were elastic. ‘

Permanent pavement deformation

23. Level readings were taken, as described in paragraph 12, to
determine the magnitude of settlement or upheaval developed in the traf-
fic lane during traffic. Plots of typical cross-section measurements
teken in items 1 and 2 are shown in plate B9. The data in this plate
indicated that the maximum permanent deformation occurring at failure in
items 1 and 2 was 0.96 and 1.80 in., respectively. The maximum up-
heaval, which was measured approximately 1 ft outside the traffic lane,
was 0.24 in. in both items.

Failure investigations

2k, Trenches approximately 2 ft wide and 15 ft long were excu-

vated to the subgrade in items 1 and 2. Each trench extended from about
the center line of lane 2, north to the center line of lane 3 (see
photo B21).

25. These investigation trenches were excavated under the same
generul conditions ac explained in paragranh 13 of this appendix. Prior
to excavating, each item had been overlaid with landing mat and then
used as a maneuver aren for the adjacent unfailed item. The trench in
izem 1 was excavated 36 days ufter failure, and 41 days elapsed after
Jailure before the trench was made in item 2, Level rod readings were
tuken as each layer of the system was removed to give profiles of the
different layers shown in plates B10 and Bll. CBR, density, and water
content determinations were obtained for each type of material as the
trenches were dug, and the results are summarized in table 1 of the main
text. The profiles (plates B10 and Bll) indicated a slirht defo.mation
in the asphaltic concrete and crushed stone base in item 1 and u very
pronounced deformation of the asphaltic concrete and crushed ctone base
in item 2. There was also a slight amount of deformation of the cement=-

stabilized lean clay inside the twin-tandem assembly lane. The data,

B9
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sunnarized in table 1 (main text), showed a loss of strength in the
crushed stone base of both items after traffic., In item 1, the bnse
course material decreased in strength from about 200 CBR to 30 and

58 CBR inside and outside the traffic lane, respectively. The strength
of the base course measured in item 2 after construction was 180 CBR,
and, after traffic, the strength had decreused to 78 CBR inside the
traffic lane and to 58 CBR outside the truffic lane. CBR measurements
taken on the lime-stabilized lean clay indicated an increase in strength
after traffic. A strength of 38 CBR was measured on this subbase mute-
rial after construction, and, after traffic, the strength inside the
traffic lane was 68 CBR and outside the lane was 110 CBR. These data
also indicated that the cement-stabilized lean cluy in item 2 was
stronger after traffic than when it was constructed. A strength of

80 CBR was measured after construction, and 200 and 253 CBR were mea-

sured inside and outside the traffic lane, respectively.

200-kip Twin-tandem Assembly (Lane 2)

Traffic tests
26. Item 3 (full-depth crushed limestone base). A general view

of item 3 prior to traffic is shown in photo B22. Before the traffick-
ing of items 1 and 2 with the 160-kip twin-tand»m assembly, item 3 wus
overlaid with landing mat to be used as a maneuver area. After the mat
was removed and prior to tracking item 3, measurements were made that
showed 1.68-in. maximum permanent deformation had occurred in the traf-
fic lane while the item was used as a maneuver area (photo B23). The
first distress, which consisted of a small crack about 15 in. long near
the center of the traffic lane, was noticed after 180 coverages. After
200 coverages, hairline craci 3 in the center U ft of the traffic lane
and a hairline crack at a construction joint about 1 ft inside the north
edge of the traffic lane had developed. The cracks located in the

100 percent coverage zone and at the construction Joint had increased in
vidth to about 1/64 in. after about 500 coverages. T e crac+s located

in the 100 percent coverage zone were parallel to the direction of

B10
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traffic, At 890 coverages, these cracks extended through the asphaltic-

conerete layer, and this item was evaluated as failed. A peneral view
of ftem 3 at fullure is shown in photo B2k, The cracks in the fore=-
ground ot this photograph were not considered in the evaluation of this
item, because they originated t'rom the cracks in item 2 und were con-
sidered to be in a transition zone between the two items., A close-up of
the cracked pavement evaluated us failed in the 100 percent coverage
zone is shown in photo B25. In addition to these cracks, small
alligator-type cracks had developed throughout the entire item at
failure.

27. Item b (full=-depth stabilized clayey gravelly sand base).

Distress of the pavement in item k was first observed at about 500 cov-
erages, This distress consisted of a few small hairline cracks, trans-
verse to the direction of traffic, located in the 100 percent coverage
zone of the traffic lane. After 5€0 coverages, small cracks running
transverse to traffic, such as those shown in photo B26, were noticed
throughout the 100 percent coverage zone of the item., Very little ad-
ditional distress was observed until about 1300 coverages. At this
time, small cracks, like those shown in photo B26, were located through-
out the item. Several of these cracks in the center of the traffic lane
were about 1/16 in. wide. After 1810 coverages, the cracks in the

100 percent coverage zone had opened up to a width of about 1/8 in.,
and core samples cut at this time revealed that the pavement was cracked
completely through; therefore, this item was rated as failed at 1810
coverages. The general condition of this item at failure is shown in
photo B27. Also, at failure, a construction joint about 1 ft south of
the north edge of the traffic lane was cracked the length of the item,
and small intermittent cracks were located throughout the lane.

Permanent pavement deformation

28. Level readings were taken at prearranged positions to deter=-
mine the amount of settlement or upheaval developed during traffic.
Plots of the cross-section measurements taken for items 3 and U are
shown in plate Bl2. The as=-constructed and O-coverage data are plotted

for item 3 to show the deformation (maximum 1.68 in.) that occurred when
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this item was used as a maneuver uareu durfng the trafficriag of items 1
and 2 ‘ith the 160<kip twin-tandem ussemblv. The deformation and up-
heaval duta, summarized in table 3 (main text), tor item 3 were computed
from the O-coverage measurements. After failure of item 3, the maximum
permanent deformution and upheaval measured were 2.52 and 0.3 in., re=
spectively. The maximum deformation in item U wus 1.32 in. at failure,
and an upheaval of about 0.2k in. was mensured about 2 ft outside the
traffic lane.

Failure investigations

v

29. A 2-ft-wide trench, such us that described in paragraph 2L of
this appendix, was excavated to the subgrade in item 3. The profile of
the different layers in the test pit is shown in plate Bl3. These data
indicated a deformution of about 1.92 in. at the center line of the
traffic lane and an upheaval of 0.72 in. located 2 f't outside the traf=-
fic lane. This deformation was due to consolidation and lateral move-
ment of the base material, which resulted in surtace upheaval. A sum=-
mary of the soil data taken as this pit was excavated is included in
table 1 of the main text. These data indicated that the average
strength of the base course material decreased during traffic from 132
to 63 CBR, and the strength of the subgrade remained about the same.
After failure, the percent cf CE 55 density for the base course material
was 106 inside the traffic lane and 99 outside the traffic lane, as com-
pared to 100 percent for the as=constructed values. The heavy clay sub-

grade of this item was rated at 4.3 CBR.

50-kip Single=wheel Assembly (Lane 3)

Traffic tests

30. Single-wheel traffic was applied on each item of the test

section in lane 3: a 50-kip load was applied in items 1 and 2, and a
T75-kip load was used on items 3 and 4. To prevent deformation from oc-
curring in item 3 while tracking items 1 and 2, as was the case in the

twin-tandem-assembly lane, the load cart was stopped on the backward
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pass in item 2 prior to the test wheel reaching item 3:; then the test
cart continued forward.

31, Item ] (lime-stabilized loan cluy subbuse). A view of item 1

prior to traffic is shown in photo E28. It wus apparent during the ini-
tial application of truffie that this test item would withstand very
little traffic. As the test vehicle made the first pasg, the pave-
ment seemed to form a bow wave in front of the test wheel, and small
cracks appeared in the pavement alongside the test wheel., After 4O
coveruges, the item was in the condition shown in photo B29 and was
rated uc failed. At failure, there was a crack in the center of the
traffic lane, which extendea completely through the pavement and was
about 3/8 in. wide. Also at failure, there were cracks from 1/16 to
1/8 in. wide parallel to traffic in four other locations and huairline
cracks throughout the 80 and 100 percent coverage zones of the traffic
lane. After tailure, the item wus overlaid with landing mat, and traf-
fic was continued on item 2 using the overlaid item 1 as a maneuver
area,

32, Item 2 (cement-stabilized lean clay subbuse). A general view

of item 2 before traffic is depicted in photo B30. The first pavement
distress, which was observed at 50 coverages, consisted of a 10-ft-long
hairline crack in a paving-lane construction Joint located in the center
of the traffic lane. After 90 coverages, this crack was 1/h to 3/8 in.
wide, and it extended completely through the asphaltic-concrete layer
for the length of the item (see photo B3l). Since this crack extended
through the pavement, the item was considered failed, but traffic was
continued until failure occurred at some location other than a construc-
tion Joint. After an additional 30 coverages, two other cracks in. the
100 percent coverage zone and one crack near the north edge of the traf-
fic lane were noticed thut were from 1/4 to 3/8 in. wide and extended
through the pavement. A general view of the item at 120 coverages is
shown in photo B32., Photo B33 is a close-up of the severely cracked
pavement in the 100 percent coverage zone ufter 120 coverages.

Pavement defle-tion

33. Totul deflections of the pavement surface prior to and after
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traffic are shown in plate Bll4. The maximum initial total deflection in

item 1 was about 0.13 in.; 80 percent of this was elastic. The maximum
totul deflection measured in item 2 at 0 coverages was 0.15 in. After
removing the load assembly from item 2 at O coverages, the pavement sur-
face rebounded to its origiral elevation; therefore, the total and elas- ]
tic deflections were the same in item 2 at O coverages. The greatest
total deflection in item 1, 0.53 in., and in item 2, 0.6y in., occurred
at failure. Approximately 83 percent of the total deflection measured
at failure in items 1 and 2 was elastic.

Permanent pavement deformation

3li,  Permanent deformation measurements, as determined from level 1

readings taken prior to, during, and at the end of traffic, are shown in

CER S

plate Bl5. The greatest deformation, about 0.60 in., and upheaval,

0.48 in., occurred in item 1 at failure. After failure of item 2, the

maximum deformation measured was 1l.LL4 in., and the maximum upheaval was
0.96 in. The greatest upheaval occurred at the edge of the traffic lane
in both of these items.

Failure investigations

35. Test trenches were excavated in items 1 and 2 of this lane
from about the center line of the traffic lané south to the center line
of the twin-tandem traffic lane. Prior to excavating these trenches,
each item was overlaid with mat and used us a maneuver area for traffic
on the unfailed adjacent item. The profiles of each layer of these
items after traffic are shown in plates BI0 and Bll. These data indie
cated deformation in the base and subbase coirse of each item. A slight
upheaval of the pavement surface between the two lanes was detected from
these data.

36. A summary of the after-traffic water content, density, CER,
and thickness data obtained from the test pit investigations is shown in
table 1 (main text). The data for item 1 were obtained 12 days after
failure and for item 2, 18 days after failure. These data indicated
that, during traffic, the strength of the base courses for both items
decreased and the strength of the stabilized lean clay subbases in-

creased. The CBR of the crushed stone base in item 1 decreased from
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200 to 53; the CBR of the lime-stabilized lean clay increased from 38
to 53. In item 2, CBR's of 180 and L2 were measured for the crushed
stone buse prior to and after traffic, respectively. The CBR of the
cement-stubilized lean clay subbase increased frum 80 to 109. These
data were obtained from 12 to 18 days after failure and after additional
traffic had been applied on the landing mat overlying each item; there-
fore, as discussed in paragraph 25 of this appendix, these data do not

necessarily represent the characteristics of each element at failure.

75-kip Single=wheel Assembly (Lane 3)

Traffic tests

37. Traffic commenced on items 3 and 4 with the TS=kip single=-
wheel assembly, after item 2 was overlaid with landing mat.

38, Item 3 (full-depth crushed limestone base). After 10 cover=-

ages, small hairline cracks parallel to the direction of traffic were
observed in the 100 percent coverage zone of item 3. After 50 cover-
ages, item 3 was rated as failed and was in the condition shown in

photo B3hk. At failure, there were 1/h- to 3/8-in.-wide cracks extending
through the asphaltic concrete in the 100 and 80 percent coverage zones,
and several 1/8-in.-wide cracks were observed in the 20 percent coverage
zone, Photo B35 shows a close-up view of the severely cracked pavement
in the 100 percent coverage zone at failure.

39. Item 4 (full-depth stabilized clayey gravelly sand base).

Pavement distress in item b was first observed at 50 coverages. This
distress consisted of small hairline cracks located in the center of the
traffic lane perpendicular to the direction of traffic. After about 100
coverages, cracks 1/32 to 1/16 in. wide and from 3 to 4 ft long were de-
tected in the center of the traffic lane. All of these cracks were
transverse to the direction of traffic. As traffic was continued, the
pavement began cracking in a longitudinal direction, which resulted in
an alligator-type cracking pattern when these cracks connected with the
transverse cracks. After 120 coveruges, several cracks were 1/8 in.

wide and extended through the asphaltic-concrete layer; therefore, this
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item was evaluited as failed. A general view of this item at fajlure {s
shown in photo B36, and a close-up of the crucking pattern is shown in
photo B37. Also, at failure, there were small intermittent cracks
throughout the lane.

ho. After item I, lanc 3, tailed, the center 98 in. of item U,
lane 1, was trafficked with the T75<kip single-wheel assembly. It wus
decided to apply the single-wheel traffic in the untuiled 12-wheel-
assembly lane of item I to determine the performance of the pavement
structure under mixed=-traffic conditions. A general view of this item
after 10,406 coverages of the 360-kip l2-vheel-assembly traffic is shown
in photo B38. The general condition of this item prior to the single-
wheel=-ussembly traffic is discussed in paragraph 9 of this appendix.
After 60 coverages ot the single-wheel traftic, a small hairline crack
was observed in a construction Joint loeated about 1 ft inside the north
edge of the traffic lane. HHairline alligntor-type cracking appeared in
the 100 percent coverage zone of the traffic lane at approximately 170
coverages. The crack in the construction Jjoint had opened up to about
1/32 in. at this time. After 200 coverages, the cracks in the center
portion of the lane extended through the pavement, and the item was
rated as failed. BSeveral of the cracks in the 100 percent coverage zone
were 1/2 to 1 in. wide. A close-up view of the most severe cracks at
failure is shown in photo B39, and a general view of the item at failure
is shown in photo BhW0. Other distress of the asphaltic concrete noted
at failure included hairline to 1/8-in.-wide alligator cracks throughout
the item and a 1/8-in.-wide crack running down the construction Joint
located inside the north edge of the truffic lane.

Pavement deflection

41. Total deflection measurements taken prior to and after traf-
fic are shown in plate Blh., In lane 3, the maximun deflection measured
in items 3 and b prior to traffic was 0.39 and 0.18 in., respectively;
in lane 1, 0.26 in. was the maximum deflection measured in item I prior
to the TS=kip sinple-wheel traffic. After failure, the maximum deflec-
tion measurements in lane 3 were O.T4 in. in item 3 and 0.65 in. in

item 43 0.55-in. maximum deflection was measured in the portion of the
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l2-wheel-assembly lane of item h trafficked with the single-wheel
assembly.

Permanent pavement deformation

h2. Cross sections, taken to determine the amount of settlement
or upheaval developed during single-wheel traffic, are sho a in plates f
BlS and Bl6. In lane 3, the greatest deformation, about 2.88 in., oc-

curred in item 3 at failure. The maximum deformation measured in item L

was 1.4h in. After failure, the greatest upheaval measured in item 3
was 0.48 in. and in item 4 was 0.60 in.

Failure investigation

43. Test pits were excavated inside the lane in item 3 and out-
side the lane in item 4. A summary of the soil data taken as these pits
were excavated is included in table 1 of the main text. The data indi=-
cated that the strength of the crushed stone base course in item 3 de-
creased during traffic from 132 to 94 CBR and that the field density was
10k and 99 percent of the laboratory density inside and outside the
trarfic lane, respectively, as compared to 101 percent of the laboratory
density after constructicn. The cement-stabilized clayey gravelly sand
base in item 4 had an initial strength of 202 CBR, and, after traffic,
159 and 261 CBR were measured inside and outside the traffic lane, re=-
spectively. There was u time lapse of 16 days between failure and exca-

vating the test pit in item k.
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P BS5. Construction-joint crack in item 2, luan f'ter
) overag f 300-kip, 12-wheel assembly

Photo BG. weneral view of item 2, lan after 1327 coverage ) f°
* *
60=kip, 12=-wheel assembly (failed at 12 coverares)
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Photo B7. Item 3, lane 1, prior to traffic

Photo B8. General view of item 3, lane 1, after 1509 coverages of
360-kip, 12-wheel assembly. HNote cracks in item 2 in foreground
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ew of item 4, lane 1, after 1515 ccverages

f 300-ki} -wheel assembly
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extending from construction=Jjoint crack in

! » 40 verage t 360=-kip, 12-whe is5embly




Phot 6. General view of item 1, lane s 1t failure {'ter

i Ve raee £ 160=kip, twin=tandem assembly )




Phot 317, Close-up of cracks in 100 percent coverage zorce
in item 1, lane 2, at failure (after 140 coverages of 160-kip,
twin-tandem assembly)

Photo B18. TItem 2, lane 2, prior to traffic




Photo Bl9. 1/bk-in.-wide alligator-type cracking in 100 percent

overage zone of item 2, lane 2, at failure (after 10 g
ages of 160-kip, twin-tandem assembly)

Photo B20. General view of item 2, lane 2, at fajlur
1000 coverapes of 160-kip, twin-taniem assembly)
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Photo B21l. Test trench across item 1, lanes 2 and 3

Photo B22. Item 3, lune 2, prior to traffic




Photo B23. Deformation in item 3, lane 2, prior to 200=kip,
twin-tandem—assembly traffic

1

Photo B2k, General view of item 3, lune 2, at failure (after
190 coverages of 200-kip, twin-tandem assembly)




Photo B2). Close-up of cracks in 100 percent coveruge zone in
item 3, lane 2, at failure

4 Photo B26. ©Small hairline cracks transverse to direction of
traffic in item 4, lane 2, after 560 coverages of 200-kip,
twin-tandem assenbly
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t 7. General view of item 4, lane 2, at failure (after
1810 coverages of 200-kip, twin-tandem assembly)




Phcto B29. TItem 1, lane 3, at failure (after L0 coverages
f 50-kip, single-wheel assembly)
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Photo B3l. Failure of construction joint in item 2, lane 3
(after 9C coverages of 50-kip, single-whe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>