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PREFACE 

The investigation reported herein was jointly sponsored by the 

Office, Chief of Engineers, U. s. Army ,  as a part of the Military Engi

neering Design and Expedient Construction Criteria Program and the Mili

tary Construction Short-Range Airfield Pavement Research Program and 

by the Federal Aviation Administration as a part of Inter-Agency Agree

ment FA71WAI-218, "Development of Airport Pavement Criteria. " 

The investigation was conducted by personnel· of the Soils and 

Pavements Laboratory (S&PL), U. S. Army Engineer Waterways Experiment 

Station (WES), under the general supervision of Messrs. J. P. Sale and 

R. G. Ahlvin, Chief and Assistant Chief, respectively, of S&PL. This 

report was prepared by Messrs. C. D. Burns, C. L. Rone, W. N. Brabston, 

and H. H. Ulery, Jr. 

Directors of WES during the conduct o� the investigation and the 

preparation of this report were BG E. D. Peixotto, CE, and COL G. H. 

Hilt, CE. Technical Director was Mr. F. R. Brown. 
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CONVERSION FACTORS , U .  S .  CUSTOMARY TO METRIC ( SI ) 
UNITS OF MEASUREMENT 

U .  S .  customary units of measurement used in this report can be converted 

to metric ( SI ) units as follows : 

mils 

inches 

feet 

Multiply 

miles (U .  S' . statute ) 
feet per second 

square inches 

square feet 

square yards 

cubic yards 

gallons (U .  S .  liquid ) 
pounds 

kips 

tons 

pounds per square inch 

pounds per cubic inch 

pounds per cubic foot 

Fahrenheit degrees 

By 

0 . 0254 

2 . 54 

0 . 3048 

1 . 609344 

0 . 3048 

6 . 4516 

0 . 092903 

0 . 8361273 

0 . 7645548 

3 . 785412 

o . 4 5359237 

o . 4 5359237 

0 . 90718474 

0 . 6894757 

0 . 027679911 

16 . 018489 

5/9 

To Obtain 

millimeters 

centimeters 

meters 

kilometers 

meters per second 

square centimeters 

square meters 

square meters 

cubic meters 

cubic dec imeters 

kilograms 

metric tons 

metric tons 

newtons per square 
c entimeter 

kilograms per cubic 
centimeter 

kilograms per cubic 
meter 

Celsius or Kelvin 
degrees* 

* To obtain Celsius ( C ) temperature readings from Fahrenheit ( F ) read
ings , use the following formula : C = ( 5/9 ) ( F - 32 ) .  To obtain 
Kelvin (K ) readings , use :  K = ( 5 /9 ) (F - 32 ) + 273 . 15 .  
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INTRODUCTION 

BACKGROUND 

In the past few years , new concepts have been developed involving 

the use of new construction techniques and materials in road and air

field pavements .  The membrane-enveloped soil layer {MESL) concept , for 

example , involves using a membrane-enveloped ,  highly compacted , fine

grained soil as a structural layer in pavement systems . Innovations in 

regions where frost action is a continuing problem have included using 

prefabricated polystyrene pa?els and polystyrene bead concrete as insu

lating layers to reduce frost penetration .  Extensive investigations 

have been conducted into using normally unsatisfactory soils in pavement 

structures by upgrading the quality of the materials through chemical 

stabilization . Much interest has also been generated in the use of 

fibrous-reinforced concrete pavements .  

Various military and c ivilian agencies of the Federal Government 

have recognized the need for a full evaluation of these new concepts and 

for the development of design and construction criteria for their use in 

pavements .  In early 1972 , the U. S .  Army Engineer Waterways Experiment 

Station {WES ) had under consideration several investigational programs 

of this type proposed under separate sponsorships . Recogni zing the 

mutual interest of the various agencies , WES began a comprehensive field 

and laboratory pavement investigation progra.II). that incorporated the 

obj ectives of all of the various sponsors . 

OBJECTIVES 

The obj ectives of this investigation were to evaluate the per

formance of several types o f  pavements that incorporated a MESL , insu

lating materials , chemically stabilized soil layers employing a range of 

soil types ,  and fibrous-reinforced concrete , portland cement concrete , 

and asphaltic concrete as structural elements and to develop criteria 

from the performance data for use of the materials in the design,  evalu

ation , and construction of  airfield pavements .  
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SCOPE 

The obj ectives of the study were accomplished by the following: 

a .  Design ,  construction , and traffic testing of  full-scale test 
sections . 

b .  Field and laboratory test s  for classificat ion and structural 
characterization of  the material s  used in the test sections . 

c .  Instrumentation of the field""test sections and measurements 
of .deflection , strain , and pressure resulting from applied 
static and dynamic ( slowly moving ) single- and multiple-wheel 
loads . 

d .  Analysis of test data based on material properties and per
formance data. 

e .  Development o f  design and construction criteria . 

This volume of the report describes the design , construction , and be

havior under traffic of the full-scale test sections . The response of 

pavement to static and dynamic loads and des ign and construct ion cri

teria will be reported in subsequent volumes • .  

16 



J 
I . 

1 · 

[ . l 
I 

DESIGN OF TEST SECTIONS 

Two full-scale pavement test sections , one rigid and one flexible , 

were designed and constructed during the period March-August 1972 . The 

test sect ions were designed to obtain comparative performance data for 

pavement structures incorporating a MESL , chemically stabilized layers 

for a range of soil types , insulating materials , and various types of 

pavement surfac ing including fibrous-reinforc ed concrete , plain portland 

cement concrete , and asphaltic concret e .  Descriptions of the design 

procedures and materials used in the test sect ions are given in the fol

lowing paragraphs . 

RIGID PAVEMENT TEST SECTION 

DESIGN 

A layout of the rigid pavement test section is shown in Figure 1 .  

The test section was 290 ft long* and 50 � wide and consisted of five 

test items , each 50 ft square and separated from the adj acent item( s )  by 

10-ft-wide transition zones . The initial thickness designs for the five 

rigid pavement test items were based on a 90-day flexural strength of 

700 psi and a requirement that the items carry 1000 to 3000 coverages of 

a 240-kip twin-tandem gear having t ires with a 44- by 58-in . spacing 

( B-747 configuration ) . Thicknesses of the pavement structures for 

items 1-4 were based on the following modulus_ of soil react ion k 

values for the various materials : 

a .  Item 1 .  k = 300 pci at the surface of the MESL. 

b .  Item 2 .  k = 500 pci at the surfac e of the clay gravel 
lized with portland cement . 

st a bi-

c .  Item 3 .  k = 300 pci at the surface of the bituminous base 
course.  

d .  Item 4 .  k = 300 pci at the surface of the lean clay st abi
lized with portland cement . 

The thicknesses of the fibrous-reinforced concrete used in items 1 and 2 

* A table of factors for convert ing U .  S .  customary unit s of measure
ment to metric ( SI )  units is presented on page 13 . 
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1 were determined using a 2 to 1 equivalency factor from previous testing . 

Item 5 was designed to study the structural behavior of pavement struc

tures that incorporate polystyrene panels and a lighweight concrete , 

which are being considere.d for use as insulating materials  in such 

structures .  The item was divided equally into four subitems reduc ing 

the slab size to 12 . 5  ft square . ( Theoretically, the reduction in slab 

size should not affect performance . ) Subitem 5a was included to study 
� 

the effect of placement of a stabilized layer between a concrete slab 

and polystyrene panels .  Subitems 5b-d provided direct comparisons of 

the behavior of two different strengths of polystyrene panel and a 

lightweight concrete . 

SUBGRADE 

The top 3 � of subgrade under the rigid pavement items was a 

proc essed 4-CBR heavy clay ( CH ,  E-11) material* having a liquid limit 

( LL) of 73 and a plasticity index· ( PI) of 48 . · Laboratory CBR , density , 

and water content data for the heavy clay subgrade material are shown in 

Figure 2 .  Underlying the heavy clay to a depth of approximately 12 ft 

below the pavement surfac e was a processed lean clay ( CL ,  E-7) soil 

having a LL of 43 and PI of  21 . Both the lean and the heavy clay mate

rial had been previously placed in construction of the controlled 

strength subgrade for the multiple-wheel heavy hear load (MWIIGL) tests 

conducted at WES in 1969 . 5 Below the processed lean clay was an iden

t ical clay in an undisturbed condition . Gradations �nd classification 

data for the heavy and lean clay materials  are shown in Figure 3 .  

BASE COURSES 

Item 1 .  The base course for item 1 consisted of a 20-in . -thick 

MESL . The soil used in the MESL was the same as the lean clay ( CL ,  E-7) 

material described above for the subgrade . Laboratory compaction data 

for the lean clay soil are shown in Figure 4 .  Previous experience in 

* Throughout this report , the first soil clas sificat ion designation in 
parentheses indicates the classificat ion according to the Unified Soil 
Clas sification System . 2 The second designation indic ates the Federal 
Aviation Administrat ion ( FAA) soil clas si fication . 3 

19 



(\) 0 

a: CD 
u 
0 "" 
..... 
u .... 
a: a: 
0 
u 

... 
u � 
>-... 
t-;;; 
z 
� 
>-a: 0 

70 

60 

50 

40 

30 

20 

10 

0 

115 r--...--......--........ ---.-·-.---...---. 

10 5 

100 

95 

95..__._..._...._ _ _._ _ _.._,__...__...___, 
15 20 25 30 

MOLDING WATER CONTENT, i.,,_ DRY WEIGHT 

MOLDING WATER CONTENT VS 
DENSITY ANO CBR 

LEGE NO 
COMPACTION EFFORT 

NO. OF BLOWS 
PER LAYER 

b. CE 1 2  (ASTM 898, METHOD D) 12 
D CE 28 28 
0 CE 55 (ASTM Dl557,'' METHOD D) , 5 5  

70 

60 

SS 

so 

45 

a: II)• 40 u 
0 ... 
t:; 3S 
"" a: 
a: 0 30 
u 

25 

20 

15 

10 

0
85 

FIGURE BESIDE CURVE IS 
MOLDING WATER CONTENT 

,,--... f'o20" J' 
v 

) I 
' ' tt"" v 2,% 

Ir 
!ti 

\_ 
628•"' 

A32..., -u% 

I I 
90 95 100 105 110 115 120 

MOLDED ORY DENSITY, PCF 

DENSI TY VS CBR 

70 

60 

55 

50 

a: 
ID 40 
u 
0 .... 
..... 35 u "" a: 
a: 
0 30 
u 

25 

20 

1 5  

10 

5 

0 

I 
FIGURE BESIDE CURVE IS 

MOLDED DRY DENSITY 

•· 

,\ \\\ � � 
�N � I'... g5 � �., f 

go u� --100 
I 

20 2S 30 35 
MOLDING WATER CONTENT, 0/o ORY WEIGHT 

MOLDING WATER CONTENT VS CBR 

Figure 2 .  CBR , density , and water content data for heavy clay subgrade 
material ( tested as molded ) 



100 

90 

10 

70 
... 
% 52 11&1 60 � 
� • 
• 50 11&1 z 
ii: 

z 11&1 .. o u 
• 11&1 L 

30 

20 
'-

10 

0 
.500 

I 
SAMIU MO. 

' 
2 
3 
4 

U.S. STANDARD $1M Ofl£NING IN INCHES U.S. STAND.UO SIM NUMIHS 
6 .. 3 2 1� 1 "' y, � 3 .. 6 I 10 1' 16 20 30 '0 50 70 lOO 140 200 
I II 

-- L- • '-·•-

"r{ 
' 

-- ---

I\ I 11 
\ \\ 
\\ 

' 

._ 

I I I I 

r.... 
' ......... -� 

\ "' .......... 
' 

' 
'-

i'-. 
4· 

I I II I I I I 

,, 

� 
�� 

� 
I\ 

� 
ro."" ' 

t\ 
� 

\. 
' � 

'' ' 
1 0 . .5 0.1 100 .50 10 5 GRAIN SIZE MIUIMETflS 

COlllfS I c� GIAVR 
I 

SANO 
I PM COAISI I MIDIUM I ,.. 

BIVOI Of'1H I O.ASS•ICATION NAT W'4 u. "' " 
HEAVY CLAY (CH ,  E- 1 1 )  73 25 48 
LEAN CLAY ( C L, E-7) 43 22 2 1  
CL:.AY GRAV E L  (SP-SC , E-S) 29 1 4  1 5  
U N  CRUSHED GRAV E L  AN D SAN D (SP, E- 1 ) N ON PLAST I C  

Ill\ 

I 

HYDIOMElH 

r-i--, ""- � i.- /. 
' " !\ 

' " .. \ '\ 
� 

\ ' 

\ I\ "'-
' ' 

\ \ 
\ [\. 

2· � 
\ \ 

1 

" 
�,..,, 

r--... 

0.05 0.01 0.00.5 

Sl.T OI CLAY 

Figure 3. Gradations and classification data for subgrade materials 

• 

0 

10 

20 

30 !i Q 
� .. 0 
= 

� • 
=c 50 

'� � 
- u 

60 � 
• 

70 � 

"""'- IO 

90 
-

100 
0.001 

J 



I'\) I'\) 

o,• 
a,• 

IL 
" 
Q. 

> 
.... 
c;; z Ill 0 
,.. a: 0 

12s ------------------------------------------------------ 145 

140 

�6%C£MENT 

135 

/ � � 
12% CEMENJ-� 

3% LIME, 
2 % CEMEN"T; AND 
10%FLYASH 

130 

125 

IOO.._ ________ �_.. ____ __..__ __ �---__.---�-------- 120 

I,.,. 

s 10 15 20 2s 4 e 
WATER C ONTENT, PERCENT OF DRY WEIGHT 

8 

"° 

• 

10 

a. LEAN CLAY (CL, E-7)1 Pl= 21 b. CLAY GRAVEL (SP-SC, E-5)1 Pl= 15 
LEGEND 

-
NOTE: OPEN SYt.ABOLS REPRESENT t.AATERIA LS AS RECEIVED. 

12 

COMPACTION EFFORT 
N O. OF BLOWS 

PER LAYER 

CLOSED SYt.ABOLS REPRESENT t.AATERIAL PLUS INDICATED 
A DDITIVES. 

CE 55 (ASTM Dl557, METHOD 0) 

CE 12 (ASTM sea, METHOD D) 
55 
1 2  

Figure 4 .  Laboratory compaction data for lean clay and clay gravel materials 

) 



compacting cohesive fine-grained soils of this type over low-strength 

subgrades ( such as the heavy clay ,  4-CBR material ) has demonstrated that 

densities in excess  of the laboratory Corps of Engineers ( CE )  12 com

paction effort6 ( equival�nt to American Soc iety for Testing and Mate

rials ( ASTM ) Designation : D ·698-70 ,7 Method D )  are very difficult to 

obtain in the field. Therefore , for the MESL base , it was desired to 

compact the soil in the field at a water content of about 15 perc ent 

(about 2 perc ent drier than CE 12 optimum ) to approximately the equiva

lent of the CE 12 maximum density. 

Item 2 .  The base course for item 2 consisted of a 17-in . -thick 

clay gravel ( SP-SC , E-5 ) stabilized with portland cement . Clas sifica

tion data and gradation of the clay gravel material are shown in Fig

ure 3 ,  and laboratory c ompaction data are shown in Figure 4 .  A c ement 

content of 6 perc ent by dry weight of soil was selected for stabilizing 

the material . 

Item 3 .  A 6-in . -thick bituminous base course was used in item 3 .  

The paving mixture consisted o f  3/4-in . maximum-size uncrushed gravel 

and sand ( SP, E-1 ) with 4 . 6  percent 85 to 100 penetration grade asphalt 

c ement . The gradation of the aggregate is  shown by Curve 4 in Figure 3 .  

Item 4 .  The base c ourse for item 4 consisted of a 6-in . -thick , 

cement-stabilized layer of lean clay material with the same classifica-

t ion as .that used for the MESL in item 1 .  The design cement content for • 

stabilization of this soil was 12 perc ent . 

Item 5 .  Test item 5 ,  which was designed to study structural be

havior of polystyrene panels and a lightweight ( Styropor ) c oncret e ,  was 

divided equally into subitems 5a-d . The insulat ing materials were to be 

plac ed between the heavy clay subgrade and the portland cement concrete 

surfac ing with the except ion of subitem 5a , in which a 6-in . -thick layer 

of cement-stabilized lean clay was to be placed over the polystyrene pan

els as indicated in Figure 1 .  The polystyrene panels were obtained from 

the Dow Chemical Company, Midland , Mich . , and were identified as follows : 

a .  Styrofoam HD-300 : 3- by 16- by 108-in . panels with a 
minimum compressive strength of 120 psi ( subitem 5c ) .  
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b .  Styrofoam SM: 3- by 24- by 48-in . panels with a minimum 
c ompressive strength of 35 psi ( subitems 5a and d ) . 

The mix proportions for the base c ourse in subitem 5b were as follows : 

Component 

Preformed Styropor beads 

HydrEpoxy A 

HydrEpoxy B 

Water 

Concrete sand 

Cement 

Amount per 
Cubic Foot of Mix 

ft 

1 . 10 

0 . 23 

0 . 23 

11 . 80 

3 . 00 

29 . 40 

45 . 76 

The mix design and the preformed Styropor beads and HydrEpoxy materials · 

were furnished by BASF Wyandotte Corporat ion , .Parsippany , N .  J .  

SURFACINGS 

Fibrous-Reinforced Concrete . A mix design for the fibrous

reinforced concrete used · to surface items 1 and 2 was prepared in the 

Concrete Laboratory at WES . Three different types of fibers were used 

in the concrete for these two items . Round fibers , 0 . 016 in . in diameter 

and 1 in . long , manufactured by Atlantic Wire Company , Branford , Conn . , 

were used in item 1 .  Deformed fibers , 3/4 in . long , formed from 0 . 016- • 

in . -diam wire wera used in the north slab of item 2 .  Flat fibers , 0 .10 

by 0 . 14 in . in cross section and 3 . 4  in . long , were used in the south 

slab of item 2 .  All fibers used in item 2 were manufactured by Nat ional 

Standard Company, Niles , Mich � The coarse aggregate cons isted of a 

3/8-in . maximum-size chert pea gravel , and the fine aggregate was a 

natural sand • .  The c ement was Dundee type lP . This c ement contained 

about 17 percent fly ash . The desired properties of the plastic con-

crete were for a slump of 2 to 4 in . and an air content of 4 to 6 per-

c ent . Trial mixes resulted in the following proportions : 
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Component 

Amount per 
Cubic-Yard Batch 

lb 

Coarse aggregate 

Fine aggregate 

Wire fibers 

Water 

Cement 

Air-entraining admixture 

728 

1700 

250 

350 

846 

Portland Cement Concrete . Based on the following proportioning 

developed by laboratory mix design and using locally available gravel 

aggregates ,  concrete flexural strengths of 650 and 700 psi at 28 and 

90 days , respectively, are reasonable . A 28-day strength of 650 psi 

was used for c onstruction control . The mixture proportions were as 

follows : 

Component 

Type I cement ( Federal Specification 
ss-c-192a8 ) 

Fine aggregate ( minus 3/8-in . natural 
sand ) 

Coarse aggregate ( 1-1/2-in . maximum-size 
chert pea gravel ) 

Amount per 
Cubic-Yard Batch 

lb 

611 

984 

2052 

Water 231 

Air-entra-in.-in-g- admixture-
3878 

The amount of air-entraining admixture required was considered to be 

the amount necessary to produce a 3 to 6 percent air content by volume 

of  the concrete . The amount of water added was adjusted as necessary 

to maintain a slump of 3-1/2 in . or less . 

JOINTS 

Details of the des ign for the longitudinal construction joints 
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of the various items are shown in Figure 5 .  Based on results of the 

MWHGL study5 and a study of strengthening of keyed longitudinal construc 

t ion joints in rigid pavements , 9 keyed-and-tied joint design was selected 

for the 7-in . -thick fibrous-reinforced concrete surfacing in item 1 and 

for the plain portland c ement concrete surfac ing in items 3-5 . For the 

4-in . -thick fibrous-reinforced c oncrete surfac ing in item 2 ,  a thickened

edge butt j oint was used . Details of the transverse construction joint s 

are shown in Figure 6 .  

FLEXIBLE PAVEMENT TEST SECTION 

LAYOUT 

A layout of the flexible pavement test section is  shown in Fig

ure 7 .  The entire test section was surfac ed with a 3-in . -thick layer of 

asphalt ic c oncrete . The basic test section was 200 ft long by 40 � 

wide and consisted of five test items , each 40 ft long by 40 � wide , 

with foundations that included several types of chemically stabilized 

soil plus a c onvent ional test item with unbound granular base and 

subbase materials ( item 5 ) .  An additional 10-ft section was provided 

along the north s ide of test items 4 and 5 for the evaluation of the 

insulating materials being considered. This  area was divided into 10-ft

square subitems designated 4a-d and 5a-d. A profile showing the type and 

location of the various insulat ing materials in the structure is shown 

in Figure 8 .  

DESIGN 

Stabilized and Convent ional Structures . The thicknesses of the 

pavement structures for flexible pavement items 1-4 ( Figure 7 )  _were 

determined by the use of equivalency factors that were from an analysis 

of results of previous studies . 10-12 As was the case with the rigid 

pavement test section , the initial design loading was for a 240-kip 

twin-tandem assembly, and the assumed traffic level was O? the order of 

1000 to 3000 coverage s .  The subgrade was as sumed to have a strength of 

4 CBR . Item 5 of the flexible pavement test sect ion was a conventional 

pavement structure and was identical with item 5 of the original MWIIGL 
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flexible pavement test section , 5 with the exception that a low-plasticity 

subbase material (PI = 3 )  was used in lieu of the cohes ionless  material 

( PI = 0 )  used in the MWHGL test section . The primary purpose of the item 

was to determine the effect of  the subbase PI on the overall item 

performance .  

Pavements Containing Insulating Material . In order to study the 

structural behavior of insulating materials in both a conventional pave

ment system and a pavement syst em having a stabilized layer , sub-

items 4a-d and 5a-d were incorporated in the flexible pavement test 

section . Insulat ing materials  included 60- and 120-psi polystyrene 

panels and a 42-pcf lightweight c oncrete .  The polystyrene panels were 

obtained from the Dow Chemical Company and were ident ified as follows : 

a .  Styrofoam HI : 4- by 24- by 96-in . panels with a minimum 
compressive strength of 60 psi . 

b .  Styrofoam HD-300 : 3- by 16- by 10�-in . panels with a 
minimum compressive strength of 120 psi . 

The mixture proportions for the lightweight concrete were the same as 

those used in the rigid pavement test section . A significant factor in 

the design of these items involved determination of the depth at which 

to plac e the insulating materials . To be most effect ive as insulation , 

it is desirable to locate insulating material at as high an elevation in 

a pavement system as permis sible . .This was a consideration in the final 

positioning of the insulating materials in the flexible pavement test 

section . The highest permissible locations were est imated based on com

puted vertical stresses due to a 60-kip single-wheel load with a tire 

pressure or- 250- ps-i (one t-ire- of- the- twin-tandem-- de sign - loading) - and - by-

using layer elastic theory employing estimated material properties for 

the test section . The strength values for the polystyrene panels were 

obtained from unconfined compression tests ; _  flexural and compressive 

strength data for the lightweight concrete were obtained from the 

manufacturer . 13 . 

Two depths from the surface of the pavement were selected for 

each strength polystyrene . The surfaces of the 60-psi polystyrene ( sub

items 4a and b )  were located 18 and 24 in . below the pavement surface ,  
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where the vertical stresses were c omputed to be 45  and 15 psi , respec

t ively. The surfaces of the 120-psi polystyrene ( subitems 5c and d )  were 

located 24 and 15 in . below the pavement surfac e ,  where the vertical 

stresses were computed to be 36 and 80 psi ,  respectively. The lower 

depth from surface for each of the materials was selected so that there 

would be no chanc e of compressive failure of the insulation . The pro

files of the test items with insulated layers are shown in Figure 8 .  

SUBGRADES 

The t op 3 ft of the subgrade for the flexible pavement test 

section was the same heavy clay , 4-CBR material as previously described 

for the rigid pavement test section . The heavy clay soil was underlain 

with processed and natural lean clay materials as described for the 

rigid pavement test section . This subgrade also was originally con

structed for the MWIIGL study . 5 

SUB BASES 

Item 1 .  The subbase for item 1 consisted of a 24-in . -thick layer 

of lean clay ( CL ,  E-7 ) soil ( Figure 3 )  stabilized with a mixture of 

3 percent hydrated lime , 2 percent portland cement , and 10 perc ent fly 

ash. The lime was type N ,  normal , hydrated , high-calcium lime meeting 
14 ASTM Specification C-207-49 . The cement was type 1 normal portland 

cement of commercial grade conforming to Federal Specification SS-C-192G . 

The fly ash met the requirements of Federal Specification SS-P-570 . 15 

Item 5 .  The subbase for test item 5 consi sted of a 33-in . -thick 

layer of an unbound gravelly sand ( SP�sc , E-1 ) .  Classi fication data and 

gradation of the gravel-iy sanu are shown in �igure 9 ( Curve 4) . The 

material had a LL of 19 and a PI of 3 .  Laboratory compaction data are 

shown in Figure 10 . 

BASE COURSES 

It ems 1 and 5 .  The base course for items 1 and . 5  -consisted of a 

6-in . -thick layer of unbound crushed limestone ( SW-SM , E-1 ) . Classifi

c ation data and gradation of the material are shown in Figure 9 .  
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Laboratory compaction data are shown in Figure 10 . This crushed lime

stone met all requirement of CE Guide Specification CE-807 . 0716 and 

Item P-209 of FAA Advisory Circular AC 150/5370-lA. 17 

Item 2 .  The base ·c ourse for item 2 consisted of a 25-in . -thick 

layer of lean clay material stabilized with 12 percent portland cement . 

The soil was the same as  the material used for the stabilized subbase s 

in flexible pavement item 1 and items 1 and 4 of the rigid pavement test 

section . 

Item 3 .  The base course for item 3 consisted of a 25-in . -thick 

layer of gravelly sand ( SP ,  E-1 ) material stabilized with 5 perc ent 

portland c ement . Classification data and gradation of the gravelly sand 

are shown in Figure 9 ( Curve 2 ) .  Thi s soil was the same as the cohesion

less gravelly sand used for the subbase in the original MWHGL test 

section . Laboratory c ompaction data for the material are shown in 

Figure 11 . 

Item 4 .  The base c ourse  for item 4 consisted of a 25-in . -thick 

layer of clayey sand stabilized with 5 percent portland cement . Classi

fic ation data and gradat ion of the clayey sand material are shown in 

Figure 9 ( Curve 3 ) .  The material had an LL of 34 and a PI of 21 and was 

clas sified as a clayey sand ( SC ,  E-7 ) .  Laboratory compaction data for 

the clayey sand are shown in Figure 11 . 

ASPHALTIC CONCRETE SURFACING 

The asphaltic concrete mixture used for the surfac e course layer 

over all flexible pavement items was obtained from a local contractor 

and was from a production quant ity being used for a surface course on a 

local highway. The mixture consi sted of a 1/2-in . maximum-size crushed 

gravel , natural sand , limestone mineral filler , and 85 to 100 penetra

tion grade asphalt c ement . A gradation curve for the aggregate and the 

CE16 and FAA17 spec ification limits are shown in Figure 12 . A mix 

design us ing these aggregates was made in the Bituminous Laboratory at 

WES , and a design asphalt c ontent of 3 . 9  percent was selected for the 

test section pavement . 
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DESIGN CEMENT CONTENTS 

The design c ement c ontent s used for stabiliz ing the various mate

rials in both the rigid and flexible pavement test sect ions were based 

on procedures for estimating initial cement content s as indicated in the 

Portland Cement Assoc iat ion "Soil-Cement Laboratory Handbook . "18 Based 

. on the maximUm. laboratory dry density of the soil , one design cement 

c ontent was selected . Test specimens were prepared in the laboratory 

for freeze-thaw and dynamic test s of the various soils containing the 

design cement content . 

In preparation of the test specimens , the predetermined design 

percentages of stabiliz ing addit ives were mixed with the soil at the 

opt imum water c ontent as previously determined for the untreated soil . 

Eight duplicate  specimens of each of the five soil-cement mixtures were 

prepared . Freeze-thaw test s were conducted on 35 specimens ( 7  specimens 

per mixture ) ,  30 of which were subj ected to the full test (12 cycles ) .  

Dynamic test s were conducted on 15 specimens (three specimens per mix

ture ) ,  10 of which had been subj ected to cycles of freezing and thawing . 

The freeze-thaw tests were conducted in accordance with ASTM 

D 560-5 7 . 19 In these tests , three test specimens of each mixture were 

used to indicate volume change and water content ; three other test 

spec imens were used for determining soil-cement loss . One specimen from 

each mixture was tested for dynamic propert ies : ( a ) initially (before 

freezing and thawing ) ;  (b ) aft er 6 cycles of freezing and thawing ; and 

( c ) after 12 cycles of freezing and thawing . The dynamic tests were 

conducted in accordance with ASTM D 2845-69 . 20 The result s of the 

-freeze�thaw -and - dyna.mic -t--est-s -ar-e -shown in Tables l and 2 ,  respectively . 

Laboratory maximum densities for the various soils treated with 

the design cement content are indicated in the compaction data plot s ,  

Figures 4 and 11 . For the compaction tests , the stabilizing agents were 

mixed with the soil at the laboratory optimum water content for the 
-

untreated material , and then the treated soil was compacted with the 

indicated compaction effort . In Figure 4 ,  it can be noted that the 

l ime-cement-fly ash admixture resulted in a reduct ion in the maximum 
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Table 1 
Summar� of Eesults o f  Freeze-Thaw Tests on Laborator:£ Com�ac��� S�e�1m�n� Qf St�biliz�� Mll.t�ri�1 � 

Init i al Laborato!:,l ComEaction Data 
Test Section Soil Molding Maximum Maximum Soil-

Item No . Water Laboratory Water Dry Volume Water Cement 
Soil Rigid Flexibl; Content Stabilizing Compac tion Specimen Content Density Change Content Loss 

!:;las sification Pavement Pavement percent Additive Effect No . percent• -12£.L Eercent• Eercent• Eercent• •  

Lean clay 4 2 17 12 percent CE 12 1 14 . 2  107 . 3  +1 .66 20 . 0  
portland 2 14 . 3  106 .7 29 . 6  
c ement 3 14 . 3  109 . 0  +1 . 66 19 .0 

4 14 .4 108 .4 21 .8 
5 14 . 5  108 . 7  +1 . 37 19 .6 
6 14 . 5  107 . 2  33 . 3  

1 17 2 perc ent CE 12 33 14 . 5  101 .4 +o .71 23 . 8  
portland 34 14 . 5  102 .1 lOOt 
cement, 35 14 . 5  101 . 5  +o . 66 24 .4 
3 percent 36 14 . 5  101 . 7  lOOt 
lime , 37 14 . 6  101 . 4  +o .66 23 .2 
10 percent 38 14 . 5  101 .6 lOOt 
fly ash 

w Clayey sand 4 9 . 2  5 percent CE 55 9 8 .8 130 . 5  +0 .43 9 .4 
\0 portland 10 8 . 6  130 .9 17 .4 

cement 11 8 . 6  130 .9 -0 . 50 9 , 3 
12 8 .7 130 . 7  13 . 7  
1 3  9 .1 130 .2 -0 .72 9 . 3  
14 9 . 0 130 .7 15 . 2  

Gravelly sand 3 6 . o  5 percent CE 55 17 5 .9 137 .1 +2 . 38 5 . 3 
portland 18 6 .1 136 . 5  2 .1 
cement 19 5 , 4 136 .7 +2 .11 6 .1 

20 6 .1 136 . 5  1 .4 
21 5 .9 137 . 4  +2 .11 5 . 2 
22 5 .8 136 . 6  2 . 3  

Clay gravel 2 1. 0 6 percent CE 55 25 6 . o  138 . 4  -0 .50 5 .9 
port land 26 6 . 4 137 .8 i .7 
cement 27 5 ,7 138 . 3  +o .50 6 .1 

28 6 .o 138 . 2  1 . 7 
29 6 . 6  137 . 2  -0 .73 6 . 3  
30 6 . 2 138 . 2  1 . 8  

• During free ze-thaw test (ASTM D 560757 } • 

•• For 12 cycles of freezing and thawi� .  
t Spec imens were friable . 
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Table 2 

Results o f  D;y:namic Test s on Soil -Cement SEec imens 

Laborn tor;y: ComEact·ion Data 
Mold i ng No . o f  

Water Dry Free ze- Compre s s i ve 
So i l  Spec i men Content Dens ity Thaw Veloc ity 

Ident i ficat ion No . 12ercent EC f C'if.c les fEs 

Lean c l ay with 7 14 . 5  107 . 6  0 6 , 011 
12 percent 8 14 . 5  107 . 9  6 6 , 146 
portland 1 14 . 2  107 . 3  1 2  
c ement 

Lean c l ay with 39 14 . 5  101 . 4  0 4 ,846 
2 percent 40 14 . 6  101 . 0  6 
portland 33 1 4 . 5 101 . 4  1 2  
cement , 
3 percent 
l ime , 
10 percent 
fly ash 

Clayey sand 15 8 . 7  1 30 . 5 0 10,068 
with 5 per- 16 8 . 8 1 30 . 6  6 9 , 101 
cent port- 9 8 . 8 1 30 . 5  12 4 , 408 
land c ement 

Gravelly sand 23 6 . o 136 . 9  0 14 , 689 
with 5 per- 24 5 , 5 1 37 . 0  6 14 ,737 
cent port- 17 5 . 9 1 37 . l  12 1 2 , 350 
land cement 

Clay gravel 31 6 . 9  1 37 . 5  0 10 , 347 
with 6 per- I 32 6 . 5  1 37 . 6 6 10,033 
c ent port- 25 6 . o 1 38 . 4  12* 8 , 310 
land c ement 

Note : Dashe s  i nd i c ate sati s factory resul t s  were not obtained . 

D;r!!ami c Test 

Shear Young ' s  Shear 
Veloc ity Modulus Modulus 

fJ2S 108 ES i 108 Es i 

3480 ' 0 . 51 0 . 20 
2049 0 . 21 0 . 07 

24 38 0 .27 0 . 10 

5931 1 .67 o .68 
5791 1 . 48 o .64 
2950 0 . 33 0 .1 5  

9093 3 . 82 1 . 60 
8708 3 . 60 1 . 46 
5982 1 . 76 0 . 65 

6716 2 . 03 0 . 89 
5 525 1 . 5 5  0 . 60 
6165 1 . 26 0 . 71 

ProEert ies 
Rat io of 

Bulk Lame ' s  Shear to 
Modulus Poi s son ' s  Constant Compress ive 
108 12s i Rat io 107 £S i Veloc itl 

0 . 35 0 . 26 2 . 13 0 . 58 
0 . 5 5  o . 44 5 . 01 0 . 3 3 

0 . 26 0 . 3 3 1 .• 94 0 . 50 

1 .04 0 . 23 5 .96 0 . 59 
0 .72 0 . 16 2 .99 o .64 
0 .035 0 . 09 0 . 3 5  0 .61 

2 . 05 0 .19 9 .78 0 . 62 
2 . 24 0 . 23 1 2 . 6  0 . 59 
1 . 91 0 . 35 1 4 .7 o . 48 

0 . 93 0 .14 3 . 33 0 . 65 
1 . 18 0 . 28 7 . 8 3  0 . 5 5  
0 . 34 -0 . 1 1  -1 . 3  0 . 74 

* Sat i s factory resul t s  were not obtai ned as i nd i cated by a negat i ve value for Po i s son ' s  rat io . Te st values were apparently i n fluenced 
by d i sc ont i nuit i e s  i n  test spec imens brought about by free zing and thawing . 



density of the lean clay soil for the CE 12 (ASTM D 698-70 )  compaction 

effort , whereas the density of the same soil treated with 12 percent 

cement was about the same as the density of the untreated mat erial . The 

addit ion of 6 percent c ement to the clay gravel material (Figure 4 )  re

sulted in an increase in density. Likewise , addition of 5 percent 

cement to the gravelly sand mat erial (Figure 11 ) resulted in a consid

erable increase in density. The addition of 5 perc ent cement to the 

clayey sand material (Figure 11 ) had very little effect on the maximum 

laboratory density . 
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INSTRUMENTATION OF TEST SECTIONS 

Instrumentation was installed during construction of the flexible 

and rigid pavement test sections for the purpose of collect ing response 

data under stat ic and dynamic ( slowly moving ) traffic loadings . The 

response data �ere to be used not only in this investigat ion but also 

for future investigations and compari sons of the applicability of theo

retical treatments to pavement design .  Instrument s for the measurement 

of vertical stresses , vertical deflect ions , vertical and horizontal 

strains , and temperatures were included in both test sect ions . Loca

tions of the instrumentation are shown in Figures 13 and 14 for the 

flexible pavement test section and in Figure 15 for the rigid pavement 

test section . A brief descript ion of the instrumentat ion i s  given in 

the following paragraphs ; detailed descriptions can be found in Grau11 

and Ledbetter et a1 . 21 

DEFLECTION GAGES 

In item 4 of the flexible pavement test sect ion , vertical deflec

tions were measured with a d-c linear variable differential trans former 

( LVDT ) displacement transducer mounted within a WES deflect ion gage 

housing located at the center of the stabilized layer . The LVDT trans

ducer produces d-c output voltages directly proportional to the movement 

of the sending unit . The transduc er consists of a main body (which 

houses the sending coil and its associated electronics ) and a core 

( which is  movable )  through the c enter of the sensing coil to transfer 

the mechanical movement of the core to record a change in an electrical 

-stgnal -1n -the soil .  -T"ne -LVDT -transducer was mounted on a referenc e rod 

that extended to a referenc e flange located approximately 13 ft deep in 

the subgrade . 

In item 4 of the rigid pavement test sec iton , the main body of 

the gage was embedded . in the concrete , and the core was mounted on a 

reference rod that was anchored 14 ft deep in the subgrade . This place

ment gave a measurement of the deflection of the pavement relative to 

the anchorage point of the reference rod . 
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PRESSURE CELLS 

WES earth pres sure cells were installed in both the rigid and 

flexible pavement test sect ions . These cells are 6 in . in diameter , are 

fabricated from stainless steel , and use a mercury-filled fluid chamber 

with a diaphra� and a full Wheatstone bridge c ircuit consisting of four 

SR-4 strain gages hermetically sealed within the cell . Pressure applied 

to the faceplate of the c ell is transmitted through the mercury in the 

fluid chamber to an internal flexible diaphragm. and produces deflection 

of the diaphragm. proportional to the load . The four SR-4 strain gages 

are mounted on the diaphragm. and are actuat ed by it s deflection . The 

full Wheat stone bridge c ircuit practically eliminates the effects of 

temperature and of resistance variations in the lead wire s .  The cells 

used were rated at either 50- or 100-psi capac ity but can withstand 

greater pressures without damage . 

STRAIN SENSORS 

The strain sensors were manufactured by Bison Instrument s ,  Inc . , 

Minneapolis , Minn . The sensors are individual disk-shaped coils , and 

their principle of operation involves the electromagnet ic mutual induc

tance coupling of any two sensors . They may be placed in one of three 

alignments :  lateral , parallel , or perpendicular . A receiver sensor can 

be placed anywhere within the electromagnetic field surrounding a sensor · 

exc ited by an osc illating current . Movement of one sensor with respect 

to the other result s in a change of the electromagnetic coupling between 

the two . The change in electromagnet ic coupling is a nonlinear function 

of movement ; however , the change can be calibrated very accurately with 

resolution and repeatability of spac ing change better than 0 . 0001 in . 

The sensors have no mechanical connection between them and oper

ate at any spac ing between one and four times the nominal sensor diam

eter as long as there i s  no disturbance of the induc ed electromagnetic 

field , such as metal .between or around the sensors • .  Bison strain 

sensors are available in 1- , 2- , and 4-in . -diam sizes ; the 1- and 

4-in . -diam sizes were used in this study . Figure 16 shows a pair of 

4-in . -diam sensors mounted in a calibrat ion stand . 
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Figure Bison strain sensor s  in micrometer calibrat ion mount 

Two types of readout e quipment were used dur ing the c onduct of 

the st udy . A field-u s e  instrument manufact ured by Bison Instrument s ,  

Inc . , whi c h  c ontains all n e c e s s ary dr :i.ving , amplificati.on , balanc ing , 

readout , and cal ibrat ion c ont rol s ,  a s  well as a s elf-cont ained power 

supply , was used mainly to c ollect stat ic load dat a .  Change s  in sensor 

spacing could be det ermined by mean s of br idge balanc e ,  meter deflect i on 

from zero , or volta_ge mrt,_plL"t- on_ a rec_orde�r connected- to the :rear p,..<inel 

of the in st rument package . The instrument package us ed for thi s study 

c ould a,etect bot.h static and dynamic strain . R e spon s e  t ime of the 

instrument was about 0 . 1  ms e c . WES-deyeloped mult ichannel re c ording 

e quipment was als o  us ed to r e c ord stat i c  and dynamic load r e s pon s e s . 

T
. • . t . a " b  d . Ir 22 
hi s eqm.pmen J. s l;.e scr:t e in . iorn . 

INDUCTIVE PROBES 

In addit ion to the standr:ll"d Bison s e n s or s , a number of exper:i.

ment al induct ive c o n s  were al so installed . Phys ic al ly ., thes e  probes 



consist of  an encapsulated coil of wire 18 in . long and 1 in . in diam

eter . These were installed simply by drilling a 1-1/2-in . -diam hole to 

the des ired depth and lowering the probe into the hole . The hole was 

then backfilled with the cable running up to ground level at which point 

it was diverted to the side of the test section . The inductive probes 

were intended to work as lower reference coils for the standard Bison 

coils installed at the higher levels . These probes plus the standard 

coil configuration offered the advantages of easier installation than 

the standard Bi son coils and the ability to reference upper coil mot ion 

to a relatively stable lower level . 

THERMISTORS 

Thermistor probes manufactured by United Systems Corporation , 

Dayton , Ohio , were installed in the flexible and rigid pavement test 

sections . The probes were monitored with a direct-reading digital 

temperature meter , which was connected to a recorder for automatic 

monitoring . 
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CONSTRUCTION OF TEST SECTIONS 

Construction of the rigid and flexible pavement test sect ions was 

accomplished during the period 17 March-3 August 1972 . As indicated 

earlier , the test sect ions were located within the area used previously 

for the MWHGL test section ( Figure 17 ) .  Since the MWHGL tests , other 

pavement tests have also been conducted on this site using the original 

subgrade . Therefore ,  it was necessary to remove the rigid and flexible 

pavement s remaining from previous tests prior to construct ion . 

RIGID PAVEMENT TEST SECTION 

SUBGRADE 

The top 6 to 12 in . of subgrade was reproces sed , compacted , and 

graded as necessary to obtain the desired strength and elevation . Plate 

bearing and CBR tests were conducte� on the subgrade in each item imme

diately prior to plac ing the base courses . The k values* of the u 
subgrade r anged from 40 t o  85 pc i ,  with an average of 65 pc i ,  and the 
average CBR of the top 12 in . of the subgrade was 3 . 4  ( see Table 3 ) . A 
view of the finished subgrade in item 1 is  shown in Figure 18 . 

BASE COURSES 

It em 1 .  In item 1 ,  the bottom membrane for the MESL consisted of 

6-mil-thick polyethylene that was placed over the prepared subgrade 

( Figure 19 ) .  The membrane was fabricated from two smaller sheet s that 

were bonded together at the center to form a cont inuous membrane of 

suffic ient size to  provide waterproof protection at the bottom and sides 

of the finished soil layer . The lean clay soil was preproces sed to a 

moisture content of about 51 percent , hauled to the site , dumped , spread , 

and compacted . The 20-in . -thick base was placed and compacted in three 

lifts . The first or bottom lift was about 8 in . thick , and the thick

nesses of the top two lifts were each about 6 in . after compaction . 

* The ku value is  the modulus of soil reaction unc orrected for 
saturation . 
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Table 3 
Summari of Plate Bearing2 Field CBR 2 Water Content 2 and Dri DensitI 

Data for the Rigid Pavement Te st Section as Constructed 

Test Water Dry 
Item Depth ku Value Content Density 
No . Material in . ECi CBR Eerc ent EC f 

1 Lean clay MESL 7 175 33 15 .9 104 .2  
13 19 12 . 2  96 . 1  
19 18 12 . 8  98 . 6  

Heavy clay subgrade 27 47 3 . 5  29 ._8 89 .1 
33 2 . 4  32 .0  84 . 3  
39 2 . 7 33 .4  85 . 8  

2 Clay gravel with 4 545 150+ 5 . 8 135 .1 
6 perc ent port-
land cement 

Heavy clay subgrade 21 85 3 . 4  34 . 1  85 .0  
27 3 . 3  34 . 5  84 .4  
33 3 .4 34 . o  · 84 .1 

3 "Bituminous base 15  99 

3 Heavy clay subgrade 21 84 3 . 5  32 . 2  87 .0  
27 3 .1 32 . 3  86 . 3  
33 4 . o 31 . 7  87 .1  

4 Lean clay with 15  167 50 15 . 8  105 . 2  
1 2  percent port-
land cement 

Heavy clay subgrade 21 40 3 . 3  33 .1 86 .1 
27 4 .o 33 . 4  85 .9  
33 4 . 5 32 . 2  87 . 3  

51 



Figure 18 . Fini shed subgrade of item 1 of rigid 
pavement test section 

Figure 19 . Polyethylene membrane i n  plac e on the 
subgrade of item l of the rigid pavement test s ection 



Care was · exerc ised in placement of the first lift of soil to prevent 

damage to the thin polyethylene membrane . The soil was end-dumped 

starting at one edge , pushed forward , and then spread with a D-4 

bulldozer . Compaction was accompli shed with a 30-ton self-propelled 

pneumatic-tired roller having a t ire pressure of about 90 psi . Place

ment of the top layer of soil of the MSEL is shown in Figure 20 . The 

top layer of the soil base was compacted by eight coverages of the 

pneumatic-tired roller with tire pressure of 90 psi . A�er compact ion , 

plate bearing tests conducted at the surface of the soil base indicated 

a k value of approximately 175 pci ,  and an average CBR value of 33 u 
was obtained (Table 3 ) .  After grading the surface of the soil base to 

the desired elevation , the encapsulation was completed by plac ing a 

polypropylene-asphalt membrane over the surface area and bonding it to 

the polyethylene that was used as the bottom and sides of the MESL . The 

membrane was formed by spraying the surface of the soil layer with 

cationic emulsified asphalt (ASTM C-Rs-223 ) at a rate of about 0 . 5  gal 

per square yard , covering the soil layer with polypropylene fabric , and 

spraying an additional applicat ion of the emulsified asphalt at a rate 

of about 0 . 3  gal per square yard .  A blotter course of sand was applied 

over the asphalt-impregnated polypropylene material . A view of the 

completed MESL base is shown in Figure 21 . 

Item 2 .  The base course of item 2 was cement-stabilized clay 

gravel . The 17-in . -thick cement-stabilized base was constructed in 

three lifts  of about equal thicknesses . The untreated soil was pre

processed to the desired water content· of about 8 percent , and a 

sufficient quantity for one lift was hauled and spread uniformly over 

the surface area .  Bags o f  cement were distributed over the surface 

area at a spac ing to provide the desired proportioning ( Figure 22 ) .  

Hand tools were used to distribute the cement uniformly over the sur

face area , and then the c ement was admixed in place with a rotary 

t iller (Figure 23 ) .  Immediately after mixing , the treated soil was 

compacted with the 30-ton self-propelled pneumatic-t ired roller 
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Figure 20.  Placement of soil in the MESL 

Figure 21 . Completed MESL base course i n  item 1 of  the 
rigid pavement t e st section 
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Figure 22 . Bags of c ement distributed over the surface of the 
base of item 2 of the rigid pavement test s ection 

Figure 23 . In-plac e  mixing of soil and cement i n  item 2 
o f  the rigid pavement t e s t  section 
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( Figure 24 ) .  The surface of the compacted lift was scar�fied lightly , 

and the same procedure was followed in constructing the additional 

li� s .  The top li� wa s  subj ected to 1 6  coverages o f  compaction rolling 

with a 50-ton pneumatic-tired roller (Figure 25 ) following the initial 

compaction with the 30-ton roller . Plate bearing tests conduct ed after 

a 6-day curing period indicated a k value of 545 pci ,  and the average . u . 
CBR of the stabilized base 1 day after construction was in excess of 150 

( Table 3 ) . 

Item 3 .  The 6-in. -thick bituminous base of item 3 was construc

ted in a single lift . The hot. material was dumped from trucks directly 

onto the clay subgrade and spread with a D-4 bulldozer (Figure 26 ) • 

. Compaction was accompli shed with a 10-ton tandem steel-wheeled roller 

and the 30-ton pneumatic-tired roller . Density specimens cut from the 

base indicated that 100 percent of 75-blow Marshall density was obtained • 

. A view of a specimen cut from the base is . shown in Figure 27 . Plate 

bearing tests conducted 6 days a�er construction indicated. a k u 
value of 99 pc i at a temperature of about 85 to 90 F ( Table 3 ) .  

Item 4 .  The cement-stabilized lean clay soil used in item 4 was 

similar to the lean clay used in the MESL in item 1 .  The untreated soil 

was processed in a stockpile to the desired water content of about 
. . 

18 percent , hauled to the test site , dumped , and spread directly over 

the subgrade . The cement was then distributed and mixed into the soil 

in place to yield a c ement content of about 12 percent by dry weight of 

soil . The proc edures used for distributing and mixing the cement were 

-the same as those previous-iy aescribed for test item 2 .  Compaction was 

accomplished using the 30-ton pneumatic-t ired roller. Plate bearing 

tests conducted after a 6-day curing period indicated 
·
a k · value of . u 

167 pci ,_ and the average CBR of the stabilized base 1 day a�er con-

struction was 50 ( Table 3 ) .  

· Item 5 .  The subgrade for subitems 5a and b was excavated to an 

elevation 6 in . deeper than that for subitems 5c and d to allow for a 

9-in . thickness of  the lightweight concrete in subitem 5b and for a 6-in . 
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Figure 24 . Compact ion with the 30-ton self-propelle d  
pnematic•tired roller 

Figure 25 . Compacti on with the 5 0-ton pneumati c-tired roller 
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Figur e  26 . Spreading hot-mix bituminous base mater ial 
in item 3 of the rigid paveme nt test s ection 

Figure 27. Spec imen o f  bituminous base cut from i t em ·  .3 
of the rigi d pavement t e st sect i on 
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layer of c ement-stabilized lean clay over 3-in . -thick � 35-ps i  polysty-

rene panels in subitem All of the insulat ing mat erials were placed 

directly on the clay subgrade . The polystyrene panels in subitems 5a , 

c ,  and d were placed by hand in the pattern show in Figure 28 . The 

lightwei ght c oncret e  was mixed in the Concrete Laboratory at WES in 1/2-

cu-yd bat che s , hauled to the test sit e , and placed directly on the sub

gra.de betwe en forms . surfac e was screeded to grade and immediately 

c overed with wet burlap and wet-cured for 48 Forty-e i ght batches of 

lightweight concret e were used . For the first 24 ba,tches , the wet unit 

weight was about 52 pcf ; this material was pl.aced in the south paving 

lane . After the first 24 batches , the quant ity of Styropor beads was 

increased slightly in order to bring the wet unit weight nearer design 
"' 

requirements ( 4 5 .  76 pcf ) . The increase in Styropor beads gave a un.it 

we i ght of 44 pcf �  which when cured resulted in a unit weight of about 

38 pcf .  The light er wei ght mat erial was placed in the north paving 

lane . A closeup view o f  the textural finish of the lightweight concrete 

Figure 28 . Polystyrene panels in place on the subgrade 
of it em 5 of the rigid pavement t e st s ect ion 
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is shown in Figure 29 . The c ement-stabilized lean clay used over the 

35-psi poly styrene panels in subitem 5a. was the Sa.me as that used in 

Figure 29 . Surface t exture of the lightweight 
concret e  insulating layer in subitem 5b of the 
rigid pavement t e st sect ion 

item 4 ,  except that the c ement was premixed with the soil prior to 

placement over the polystyrene . Tlle premixed material was end-dumped on 

top of the polystyrene and sprea.d with a D-4 bulldoz er . Compact ion was 

accomplished with the 30-ton roller with a. t ire pres sure of about 60 psi. 

A view of the finished sublayers in item 5 is shown in Figure 30 . 

SURFACINGS 

All concrete mixture s  including the fibrous-reinforced c oncret e  

were dry-batched at the plant of the Vicksburg Concrete Co . ,  Inc . The 

batch proport ions were in accordance with the mix designs furnished by 

WES . The mixture s  were transit-mixed and delivered to the c onstructi on 

s ite , a distance of about 5 miles ,  in r eady-mix trucks . Due to the 

small , c onfined working areas , the mixtures were placed a.nd fin ished - by 
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Figure 30 . Complet ed installation of insulat ing materials on 
· subgrade of subitems 5a-d of the rigid pavement t e st s e ct ion 

hand . Details of the plac ement and fin ishing operations are di s cus sed 

in the following para.graphs . 

The 10- by 50-'ft r.einforc ed trans ition slabs were plac ed prior to 

plac ing the actual t e st slabs . Forms were s et into or on top of the 

base c our s e  layers to provide for the desired thickne s s e s . 

Details o.f tlae horizonte.1 spacing of dowels and reinforci� ba;.cs_ ar.e

shown in Figur e  6 .  The trans ition slab s  between it ems l and 2 , 2 and 3 ,  

and 3 and 4 are shown in Figure 31. Note the expo s ed dowel bar s . 

concrete in e ach test item was first placed in the north pa.v-

i.ng lane 1 by 50-:t't s ection ) between the previously placed transit ion 

slabs . material was dis charged from the ready-mix trucks dire ct ly 

onto bas e  c our s e  between the paving forms . Placement of fibrous-

concrete in item 2 i s  shown in Figure 32 . The c oncrete was 

by use of shovels and was screeded off with a. straightedge with 

a small vibrator mounte d  on . the straight edge , as shown in Figure 32 . 
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Figure 31. Tra.nsi tion slabs in place between the 
rigi d pavement test items 

Figure 3 2 .  Placement of fibrous-reinforced c oncret e  over 
insulating materials i n  item 2 of the rigid pavement 
test section 
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Int ernal vibration was not us ed i n  items 1 and 2 .  Fini shing was acc om

plfshed by hand with trowel s  and bull float s . The same procedures were 

used in placement and fini shing of the :plain portland c ement c oncrete in 

items 3 and 4 �  except that internal vibration was acc ompli shed with 

hand vibrators . A crane with a c oncrete bucket was used to 

distribute the c oncrete mixture over the insulating materials in it em 5 �  

as shown Figttre 

Figure 33 . Placement of c oncrete over insulat ing materials i n  
item 5 or the rigid pavement t e st s e ction 

The concrete was moi s t-cured for 7 days . Wet burlap was place d  

o n  the fre sh concrete and kept wet by spraying during the first 24 hr .  

After the first day , the burlap was covered with pla st i c  sheeting that 

was kept in pla c e  for the remainder of the 7-day curing period . 

A keyed-and-tied longitudi nal construction j oint was used between 

the north and south paving lanes in all items exc ept for the 4-in . -thi ck 

fibrous-reinforced concret e  i n  item 2 .  A thickened-edge j oi nt was used 

for thi s i t em .  The k eyway wa s  formed using wooden strips of the 
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r equired shape and s iz e  fastened to the form of the north :paving . lane . 

Keyway dimens ions and lo c ation s , which a.re a funct ion o f  the pavement 

thickne s s , are shown in Figure 5 .  
Transver s e  weakened-plane c onstruct i on j o int s were provided on 

25-fi spac ings in both paving lanes for items 3 and 4 and on 12 . 5-ft 
spac ings for item 5 .  Als o , in item 5 ,  a longitudinal weakened-plane 

j oint was provided on 12 . 5-fi spac ings in ea.ch lane . The weakened plane 

was formed by plac i ng thin metal strips in the bottom of the c oncrete 

and sawing grooves in the surface of the pavement directly over the 
met al strip s . In order to control construction c racking to prevent 

damage to instrumentat ion gages located near the weakened-plane j oint s ,  

metal strips were locat ed on the surface of the :finished bas e  alld helcl 

in place during c oncrete placement by metal pegs driven int o  the base . 

A view of one of the strips in place prior to placing c oncret e  in item 4 
c an be s e en in Figur e  31. In most c a s e s , the sawed groove s  were cut in 

the c onc ret e within 24 hr aft er :plac ement of' the c onc ret e . A view of 

Figur e  34 . Joint sawing operat ions in the r i g i d  

p avement t e st s ect i on 
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Grooves for joint seal installation were formed by sawing to the 

dimensions shown in Figures 5 and 6 .  The longitudinal construction 

j oint s were sawed on the day following plac ement of the south paving 

lane . Almost all transverse j oints were sawed the day following place

ment . After a 2- to 3-week curing period , the sawed joints were thor

oughly cleaned with compressed air and sealed with a hot-poured j oint 

sealing compound meeting Federal Spec ification SS-S-164 ( 4 ) . 24 

FLEXIBLE PAVEMENT TEST SECTION 

SUBGRADES 

The flexible pavement test sect ion was located as indicated in 

Figure 17 . The exi st ing asphaltic concrete pavement was broken up and 

removed.  The crushed-stone base material and gravelly sand subbase 

material that had been used in a previous test sect ion were salvaged and 

stockpiled for future use . 

The top 6 to 12 in . of the in-place heavy clay was reprocessed , 

with material added or removed where necessary to obtain the desired 

grades ;  the wat er . content was adjusted as required ; and the soil was 

compacted with the 30-ton pneumat ic-t ired roller . The elevation of the 

surface subgrade was established in each item so that the finished 

pavement elevation would match the existing grade of the MWHGL test 

section . In-place CBR and plate  bearing tests were conducted to verify 

that the soil strength was within the desired range . The · k  values u 
averaged 60 pci , and the average CBR of the top 12 in . of the subgrade 

was about 5 (Table 4 } .  An overall vfew or the complet·e-d ·  sub-grade- is-
shown in Figure 35 . 

SUBBASE AND BASE COURSES 

The stabilized soil layers used as subbase in item 1 and as base 

course in items 2-4 were �onstructed concurrently . Prior to applying 

the stabilizing agent , the subbase and base materials to be stabilized 

were processed to the desired water content and then placed in the var

ious test items in approximately 7-in . -thick loose lifts  that re sulted 

in about 6-in . -thick compacted layers .  After plac ing and spreading the 
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Table 4 

Sum:aa!J: or Laboraton: Com.S?!ctton Data !£!d. 
As-Constructed Plate Beari!!S:a Fie1d CBR1 Water' Cogtent1 and i..� Densitl D;\ta 

For the F.lexible Pavement Te1t Section 

As-Constructed Data 
Laboratoi;x Data Water 

Naxi- Com- Content 
Water Content D?7 pac- Untreated Va.tel" Dey Percent 

Test Untreated �reated Denslt7 t i  on Depth llaterl&l k\! , pci 
Content Density Laboratory 

.llClll llaterl&l � percent .J£.L !!!.2!:l � � ..£l!!L percent --ll£.L Denslt;i: 

( 1 )  ( 2 )  ( 3) ( 4 )  ( 5 )  ' ( 6 )  C T I  ' '  ( 8 )  ( 9 )  (10)  (11 ) (12)  (13)  

l Crushed limestone (base) 6 . o  140.0 CE 55 3 llo+ 1 . 0 151 .9 ioa .o 

Lean clay Vith 3 percent lT .o 1 4 . 5  101 . 5  Cl!! 1 2  9 1 9 . 6  4TO 94 lT .T 96 , 5  9 5 , 1  
lime, 2 percent port- 1 3  lT .3  54 1 5 . 8  98 .8 97 , 3  
land cement• 10 per- 19 lT . 3 47 8 . 9  9 2 . 6  91 . 2  
cent nr aah (subbas e )  

Heavy cla7 ( subgrade ) 25 .0 94 .0 Cl!! 12 33 3 .3 30.9 87 . 3  97 .o• 
39 4 .1 32 .4 8 5 . 3  99 .0• 
i.5 4 .4 32.8 85.9 ioo .o• 

2 Lean clar Vith 12 per- lT .O 14 . 5  lOT .9  ,Cl!! 1 2  3 16.1  345 105 16.o 102 .9 9 5 , 3  
cent portlllJld cement 1 19 .6 15o+ 1 2 . 5  103 . 5  95,9  
(base } 14 18.3  68 15 . 2  98.1  90 .9 

21 lT.3 H 1 2 . 2  9 3 . 1  86 .3  

Heavr clar ( subgrade )  2 5 . 0  9 4 . o  CE 12 26 3 . 6  30 . 2  66 . 5  96 .0• 
30 3 . T  30 .6  88 .l 97 ,5• 
i.o 4 .4  31 .6  8T  .2 lOO . o• 

3 Gravelly sand vlth 6 . o  5 .9 131 .o CE 5 5  3 6 , 3  645 15o+ 3 , 2  133.4  91 .3  
5 percent portland 7 6 .1 150+ 1 .6 134 .6 96 . 2  
cement 14 136+ 3 , 9  126 . 2  92,1  

21 T .O 129 2 . 1  120 . 3  87 .6  

Heavy cla;r ( subgrade) 25 ,0 94 .o . CE  12 28 68 3 . 6  30 . 3  87 .0 91 .o• 
34 3 . 2  30 . 8  8 7  .2 97 , 5• 
40 3 ,9 32.6  85.9 ioo .o• 

Clare:r sand vi th 5 per- 9 . 2  e .1 130 . 5  CE 5 5  3 9 ,7 448 150+ 8 . 9  116 .9 89 .6 
cent portland cement 7 9 ; 8  15o+ 4 .6 121 . 5  93.1  
(base) 14 . 9 . 4  9 3  6 . 3  112.8 86 .4 

21 9 .4 103 ' 1 .8 119 . 3  91 .4 

Heavy clar ( subgrade ) 2 5 . 0  ?4 .o CE 12 28 3 .1 30 . 5  86 .9 98 .0• 
34 4 .1 29 , 3  88.8 9 8 . 5• 
40 4 .o 32 .0  84 .2 91 ,5• 

Crushed limestone (base ) 6 .o 140 .0 CE 55 3 104 2 .4 145 .T 103 .8 

Gravell)' aand ( subbaae) 7 .5 132 .4 CE 55 9 56 5 . 4  136 .T 103 .2 
15  46  4 .6 1 3 3 . 2  100 . 6 . 

. 21 · 9 9 . 4  l2T , 5  96 .2  

Heavy cla7 ( sub grade) 25 .0 94 .o  C E  12 42 55 4 .2 29 , 9  89 . 2  99 .0• 
48 ; 3 . 5  31 .l 86 . o  97 . 2"  
5 4  . 4 . 6  31 . 5  86 . 5  98 .0• 

4a Clarey sand w1 th 5 per- 8 .1 130 . 5  .CE 5 5  14 3 . 6  123 .l 94 , 5  
cent portland cement 
over 60-pai . pol:r•ty-
rene 

4b Cla7e;r sand vi th 5 per- 8 .1 130 . 5  CE 5 5  10 T .O 119 . 5  91 .5 
cent portland cement 
over 60-psi pol;ratr-
rene 

4c Claye7 send v1 th 5 per- 8 .T 1 30 . 5  CE . 5 5  1 3 . 3  112 . 5  86 . 5  
cent portland cement 
over lightweight 
concrete 

5b Gravelly !:and over 
9 3 , 3  lightveight concrete 7 . 5  132.4 9 10.9  123 .l 

5c Gravelly sand over 120- T .5  132. 4 15  4 .9 132.9 100 . 3  
psi pol7st,.rene 

5d Gravelly sand over 120- 7 . 5  132.4 9 6 . 3  132.l 100 .0 
psi polyst,.rene 

• Percent or CE 12 (ASTM II 698-TO) maximum denaitr corresponding to the !ield in-place vater content • 
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Figure 35 . Completed subgrad.e of the flexible 
pavement t e st s e ct ion 

loos e  material f'or each lift , bags of lime , fly ash , and/or cement were 

placed in the respect ive items at predetermined intervals to give the 

des ired proport ioning (Figure 36). After distributing the addit ive 

uniformly over the surfac e  area , in-place mixing was ac compli shed with 

a pulvimixer as shown in Figure 37 . Compaction was accompli shed by the 

application of' eight coverages of the 3-0-ton :r-Olle1"" on t-b:e surface of 

each lift , plus an addit ional eight c overage s of the 50-ton roller on 

the top two lifts of each item . 

During the in-place mixing operations , �i sua.1 checks were made to 

insure that uniform mixing of the soil and addit ive was obt ained for the 

full depth of each lift .  Thes e  checks were made by digging holes in the 

mixed material down to the previously c ompact ed lift and inspecting the 

material . In general , it appeared that fairly uniform mixing was ob

t ained . However , after c on st ruct ion of the top lift � an open , gage in

stallat i on trench that was cut acros s  item. 4 down t o  the bottom of the 



Figure 36 . Bags of c ement and :fly ash di stributed over the surfac e 
of the subgrade o f  i t ems 1 and 2 o f  the flexible pavement test sectio:r: 

Fi gur e  37 . In-place mixing of treated soil with pulvimixer 
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top lift was filled with rain and some eros ion occurred in the bottom 1 

to 2 in . of the lift .  Examination of the material indicated that the 

cement was concentrated in the upper part of the lift with very little 

cement in the bottom 1 to 2 in . A further check in item 3 revealed the 

same condition . Therefore ,  the top lifts  of stabilized materials were 

removed from items 3 and 4 .  Sufficient quant ities of the gravelly sand 

and the clayey sand used in the base courses of items 3 and 4 ,  respec

tively , were premixed in windrows on a paved working area adjac ent to 

the test site . The premixed materials were then placed in the respec

t ive test items and compacted as previously described . Checks made in 

item 1 and 2 at the same time indicated fairly uniform mixtures of soil 

and addit ives through the full depth of each surface layer of stabilized 

material . Therefore , no corrective action was required for the se items . 

The untreated gravelly sand subbase in item 5 was placed and c om

pacted at optimum wat er content using the same lift thicknesses and com

pact ion efforts previously de scribed for the stabilized materials . 

The crushed limestone base material used in items 1 and 5 was 

thoroughly mixed and wetted in a windrow adjacent to the test site , 

spread with a dozer , and compacted with the pneumatic-t ired rollers as 

previously described for the stabilized base courses . 

SUBITEMS CONTAINING INSULATING MATERIALS 

As indicated in Figures 7 and 8 ,  a special test area designed to 

study the structural behavior of materials used for insulating purposes 

was constructed adjacent to items- 4 arui- 5- of the - flex:-ible- pavement- - test-

section. Composition of the pavement structures in thi s area was iden

tical with that previously discussed for items 4 and 5 ,  exc ept that the 

insulating layers were incorporated into the pavement structure at the 

various depths indicated in Figure 8 .  The type of insulating material 

or the elevation in the structure was varied in these subitems . The 

· polystyrene panels were placed by hand during construction . The light

weight concrete was mixed in the WES Concret e Laboratory and placed in 

the test sect ion between forms at the locations and elevations indicated 

in Figure 8 .  The same procedures were used in placement , finishing , and 



curing as described previously for the lightweight concrete in the rigid 

pavement test section . A view of the placement operation is shown in 

Figure 38 . The soil and cement for subitems 4a-d yere premixed in a 

windrow adjacent to the test section , placed with a front-end loader , 

and spread in about 6-in . -thick loose layers .  The untreated material in 

subitems 5a-d was placed in the same manner . Each layer was compacted by 

8 coverages of the 30-ton roller with tire pressures of about 70 psi . 

The heavy 50-ton roller was not used over the insulating materials in 

subitems 4a-d or 5a-d for fear of damaging the insulating materials . 

· ASPHALTIC CONCRETE SURFACING 

The finished base courses of the entire test section were primed 

with MC-1 cutback asphalt at a rate of about 0 . 15 gal per square yard 

(Figure 39 ) .  A�er a 2-day curing period , the 3-in . -thick asphaltic 

concrete mixture was hauled from the contractor ' s  central batch plant ( a  

distance of 10 miles ) and was placed with a BB."rber-Green finisher in 10-

ft-wide paving lanes ( Figure 40 ) .  The mix temperature was about 300 to 

325 F, and the laydown temperature was about the same . Compact ion was 

accomplished with the 10-ton tandem roller and the 30-ton pneumatic

tired roller . The completed flexible pavement test section is  shown in 

Figure 41 . 

INSTALLATION OF INSTRUMENTATION 

RIGID PAVEMENT TEST SECTION 

The deflect ion gages , pres sure cells , thermistors ,  and strain 

sensors  were installed during construction operat ions at the locations 

and elevations shown in Figure 15 . Pressure cells and strain sensors 

located within the subgrade were plac ed by excavating trenches and pit s 

to the proper elevations , placing the instruments , backfilling the ex

cavations , and hand-compact ing the fill material . Pressure cells and 

· strain sensors located at the top of the subgrade were placed directly 

on the subgrade surface ( Figures 42 and 43 ) in items 1 ,  3 ,  and 5 ;  the 

gages in item 2 were installed after the first layer of stabilized 

material was placed; in item 4 the gages were placed after the 
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Figure 38 . Placement of lightweight concrete .insulating 
materials i n  item 5 o'f the :flexible pavement t e st s ect ion 

Figure 39 . Primed base courses prior to :paving flexible 
pavement test s ection 



Figure 40 . Placement of 3-in . -thick asphalt i c  concret e  
surface c ours e  on the flexible pavement test section 

Figure 41 .  Overall view of c ompleted flexible pavement 
t e st s ection 
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Figur e  42 . Placement of a Bi son strain sensor 

Figure 43 . Placement of a WES pres sure c ell 
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bituminous-stabilized base course was completed . Inductive probes were 

placed in core holes  drilled from the top of the subgrade . Strain 

sensors placed at the c enter of the stabilized base courses in items 1 

and 2 were placed a�er one li� of base course material had been com

pleted at the desired elevation .  Instruments located directly beneath 

the concrete slab were placed on the underlying surface immediately 

prior to concrete  placement . Strain sensors were taped in place on the 

top of the insulated layers in item 5 .  A deflect ion gage was installed 

in item 4 adj ac ent to  the longitudinal construct ion joint near the 

midpoint of the southwest slab . Details of deflection gage installation 

d .b d � H 22 are escri e in orn . 

FLEXIBLE PAVEMENT TEST SECTION 

Plan and section views of the instrumentat ion for the flexible 

pavement test section are shown in Figures 13 and 14 . As was the case 

with the rigid pavement installat ion , gages were placed in the subgrade 

by trenching to the proper elevations , placing the gages , backfilling , 

and compacting by hand . Gages located on top of the subgrade and in the 

base course of all five test items were placed by overbuilding , and then 

excavating to the desired elevation . Strain sensors placed at the top 

of the base c ourse were covered with a thin layer of cold-mix asphalt

aggregate blend prior to  placement of the hot-mix asphaltic  concrete sur

face course . Gages placed on top of the insulating layers were taped 

in place . Inductive probes were placed in core holes drilled to the 

--elevations -shown ·in ·Figures 13 -and l-4 . ·One ·deflect ion gage ·w·as installed 

in item 4 ;  details of the installation can be found in Horn . 22 

TESTING AND SAMPLING DURING CONSTRUCTION 

Water c ontent , density , and CBR determinat ions were made at the 

surface of the subgrade � at 6- and 12-in . depths in the subgrade , and at 

the surface of each layer of subbase and/or base course during con

struction . The density determinations were made in the. subgrade by use 
25 · of the drive-cylinder method ( ASTM D 2937-71 · ) and in the subbase and 

base materials by use of the rubber-balloon method (ASTM D 2167-6626) : 
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Plate bearing test s  were made on the finished subgrade and on the 

top of the base course in each item of both the rigid and flexible 

pavement test sections . The tests were performed in accordance with 

Method 104 of MIL-STD-621A. 

Specimens of the lightweight concrete , fibrous-reinforced con

crete , and plain portland cement concrete mixtures were obtained during 

the paving operations . Beams that were 6 by 6 by 36 in . and 6-in . -diam , 

12-in . -high cylinders were taken that were representative of the con

crete placed in each test item . All test spec imens were moist-cured in 

a 100 percent humidity environment at 73 F until time for tests of 

strength propertfes .  

Disturbed samples of the subgrade , subbase , and base materials 

were obtained for future laboratory tests . Samples of both untreated 

and field-mixed treated materials were obtained for test ing .  Also , un

disturbed samples of the subgrade from both the rigid and flexible test 

sections were obtained for future testing . All samples were stored in a 

humid room for testing . Test results and analysis will be reported in 

subsequent volumes of this report . 

PROPERTIES OF AS-CONSTRUCTED PAVEMENTS 

RIGID PAVEMENT TEST SECTION 

A summary of results from plate bearing , in-plac e CBR , water con

tent , and density tests conducted on the subgrade and base course layers 

of the rigid pavement test sect ion is shown in Table 3. The plate bear-

ing tests on the- subgrad� were- made- immediate-ly- prior to - placing- base 
courses , and the plate bearing tests . on the surface of the base courses 

were made after a 5- to 7-day curing period. The CBR , water content , 

and density data for the subgrade were obtained in test pit s at the 

surface and at depths of 6 and 12 in . just prior to plac ing the base 

course layers . The CBR , water content , and density data for the MESL 

base were obtained at the surface of each layer during construct ion . 

Marshall stability , flow , voids , and density data for the bituminous 

base material with 4 . 6  percent asphalt content used in item 3 are 

summarized as follows : 
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Flow Voids 2  
Type Stability Unit s of Total 

ComEact ion lb 1/100 in . Mix 

Laboratory* 1426 5 5 . 3  

Field** 760 10 5 . 2  

75-blow Marshall effort . * 
** Test s were performed on field cores . 

Eercent Percent 
Density Lab 

Filled ECf Densit;r 

66 . o  144 . 5  

66 . 5  144 . 6  100 

The test values above are averages of three or more det erminations . 

The laboratory compacted specimens were prepared from plant-mixed 

material . 

Flexural strength and modulus of elastic ity data obtained from 

the lightweight concrete beams are shown in Table 5 .  Also shown in the 

table are the spec imen ages at time of testing and the unit weight of 

the concret e .  Results o f  compressive strength and static modulus of 

elastic ity test s  on 6- by 12-in . cylinders of. lightweight concrete cast 

at the time of plac ing material in the rigid and flexible pavement test 

sections are shown in Table 6 .  

Flexural and compres sive strength data for the plain concrete 

used in items 3-5 of the rigid pavement test section are shown in 

Table 7 .  The tests were conducted after 7- and 28-day curing times , as 

indicated. 

Flexural strength , compres sive strength , and modulus of elast ic

ity data for the fibrous-reinforced concrete placed in test items 1 and 

2 of the rigid pavement test sect ion are shown in Table 8 .  These speci-

-mens , -cast - on -5 - and - 6  June 1972 , were -tested -at tr.r-ee different age s , 

28 days , 150 days ( at the initiation of traffic ) ,  and 328 days ( at the 

end of traffi c ) .  Beams were te sted in accordance with ASTM C 78-64 ,27 

exc ept that they were tested in the as-cast position . 

FLEXIBLE PAVEMENT TEST SECTION 

A swnmary of laboratory compaction data and as-constructed k , u 
CBR , water content , and density of the various elements of the pavement 

,structure i s  given in Table 4 .  The laboratory density values shown in 
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Table 5 

Flexural Strength and Modulus of Elast icit;y: of 
�ightweight Concrete Beams* 

Unit 
Spec imen Age Weight 

No . da;y:s pcf 

2-1 7 44 

2-4 1 44 

2-7 1 44 

1-44-3 66 44 

2-2 280 44 

2-8 280 44 

2-9 280 44 

1-44-1 339 44 

1-44-2 339 44 

1-52-4 66 52 

1-52-5 66 52 

1-52-1 339 52 

1-52-3 339 52 

1-52-3 339 52 

* Beams were 6 by 6 by 36 in . 

Flexural 
Strength 

psi 

145 

140 

125 

155 

150 

175 

175 

150 

160 

195 

160 

160 

165 

165 

77 

Modulus of 
Elastic ity E 

106 psi 

0 . 364 

o . 649 

o .406 

0 . 568 

o .425 

o . 482 

o . 478 

0 . 394 

0 . 363 

0 .760 

0 . 543 

0 . 595 

0 . 676 

0 . 659 



Table 6 

Compressive Strens!:h and Modulus of Elasticiti 
of Lishtweisht Concre�e Cllinders* 

Unit Compressive Modulus of 
Specimen Age Weight Strength Elas�icity E 

No . days pcf ps i 10 psi 

2-3 227 44 310 0 .178 

2-6 227 44 640 0 . 256 

2-9 227 44  570 0 . 265 

1-44-1 336 44 300 0 .171 

1-44-2 336 4 4  350 0 . 207 

1-52-1 336 52 750 0 . 313 

1-52-2 336 52  780 0 . 297 

1-52-3 336 5 2  780 0 . 294 

* Cylinders were 6 in . in diameter and 12 in . long . 
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Table 1 
Flexural and ComEressive Strength Data for Plain Portland Cement 

Concrete Used In the Ri6id Pavement Test Section 

Flexural Stren�h 2 ESi Compressive 
Test Entrained Splitt ing Strength 
Item Slump Air Beams* Tensile** 12sit 
No . Slab __!!!.!_ Eercent J-daJ'.: 28-daJ'.: 28-daJ'.: 7-daJ'.: 28-daJ'.: 

3 North 2 . 5  2 . 5  576 515 530 4382 5717 

3 South 3 .6 2 . 4  500 505 3800 4910 

4 North 3 . 0  3 .7 470 530 3560 4590 

4 South 4 . o 2 . 8  / 540 495 3600 5110 

5 North 3 . 2  2 . 0  545 510 3780 5320 

5 South 2 . 75 2 . 4  540 607 3370 4980 

Note : All test spec imens were moist-cured. 
* Flexural test beams were 6 by 6 by 36 in . and were subj ected to 

third-point loading. Strength values shown are averages of four 
tests . 

** Splitting tensile tests were conducted on cylindrical samples 
6 in . in diameter and 12 in . high. Values shown are averages 
of two tests .  

t Compressive strength tests were conducted on  cylindrical samples 
6 in . in diameter and 12 in . high . Values shown are average s of 
four to eight test s .  
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Table 8 

Sunnna!:£: of Flexural and ComEressive Strengths and Modulus 
of ElasticitI of Fibrous-Reinforced Concrete Used 

in the Rigid Pavement Test Section 

Test Flexural Compressive Modulus 
Item Slump Age Strength Strength of E�astici ty 
!2.:-- Slab in .  . dais* Esi** ESi t  10 ESi tt 

1 North 4 28 805 5860 

1 South 5 28 735 4660 

2 North 4 28 810 6100 

2 South 5 28 695 4540 

1 North 4 150 1145 6770 6 .93 
1 South 5 150 935 6140 5 . 34 

2 North 4 150 835 8125 6 . 58 

2 South 5 150 900 6155 6 . 34 

1 North 4 328 1390 6 . 33 

1 South 5 328 1165 6 .98 

2 North 4 328 945 6 . 35 

2 South 5 328 1115 6 . 31 

* Age o f  150 days represents the pavement at the time of initiation of 
traffic ; 328 days represents the pavement at the completion of 
traffic . 

** Flexural strength was determined from 6� by 6- by 36-in . beams 
subjected to third-point loading . 

t Compressive strength tests were conducted on cylindrical samples 
6 in . in diameter and 12 in . high . Values shown are averages of 
two tests . 

tt Modulus of elasticity tests were conducted on beam spec imens prior 
to loading to complete failure . 
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Column 5 of thi s table are for the materials  as used in the test section 

( i . e . , treated or untreated ) . In preparation of the treated laboratory 

test sepc imens , the soil was prepared at the optimum water content of 

the natural or untreated soil , as indicated in Column 3 .  The stabiliz

ing additive to be used with the soil was then uniformly mixed with the 

soil and the spec imens compacted by the effort indicated in Column 6 .  

The differences i n  water content values shown in Columns 3 and 4 indicate 

the drying effect of the stabiliz ing additive . Column 8 indicates that 

the field water content of the various soils had stabilized just prior 

to adding and mixing the addit ive s .  

Plate bearing test s were conducted at the top o f  subgrade in 

items 3 and 5 ,  at the top of stabilized subbase in test item 1 ,  and at 

the top of the base course in items 2-4 . Plate bearing tests were run 

10 , 8 ,  9 ,  and 5 days after completion of construction in items 1 ,  2 ,  3 ,  

and 4 ,  respectively . The k · values as determined from the plate bear-u 
ing tests are shown in Column 9 of Table 4 .  The CBR , water content , and 

density data shown in Columns 10 , 11 � and 12 were obtained at the com

pletion of compaction of the various layers of material . The percent 

laboratory density was based on the laboratory density of treated or 

untreated material ( including addit ives ) as actually used in the test 

section . As c an be seen , the heavy clay subgrade soil was compacted at 

a water content considerably on the wet side of optimum. Therefore ,  the 

percent compact ion indicated for this material was based on the labora

tory density at the field in-place water content . 

A summary of stability, flow-, voids -, and. density_ data- for_ 

laboratory and field-compacted asphaltic concrete specimens i s  given in 

Table 9 .  The mixture used for laboratory compaction was plant-mixed and 

was the same as the mixture placed in the field except that the asphalt 

content was reduced from 4 . 1  to 3 . 9  percent
.
for the test sect ion pave

ment . Data from the field-compacted mixture were determined from cores 

cut immediately after compact ion and after various coverages of traffic . 

These data will be discus sed in more detail later in this report . 
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Table 9 
Sunnnar� o f  StabUit�2 Flow2 Voids 2 and Densitl Data for AsEhaltic Concrete S£ec imens 

As�halt 
Test Traffic Content Marshall Flow Percent Voids Unit Weight Percent 
Item Lane No . of Percent of Stability Units of Total Filled with Total Mix Laboratory 
No . No . Coverages Total Weie;ht lb lllOO in . Mix AsEhaltic Concrete ECf Den sit;y: 

Plant-Mixed Laboratorl Co!!!,Eacted SrunEles* 

L\ .1 2393 10 4 . 5 67 . 6  147 . 2  100 .0 

Field Cores 

1 1 , 2 0 3 .9 549 12 7 .6 53 . 4  142 . 8  97 .0 
1 1200 � .9 1231 13 6 . o 59 ,9 145 .4 98 .8 
1 2500 3 .9 839 11 7 . 5  5 3 . 7  143 . 1  97 . 2  
1 3600 :3 .9 848 16 6 .6 57 . 3  144 . 4  98 .1 

2 1 , 2 0 :3 .9 648 11 8 . 4  50 . 6  141 .7 96 . 3  
1 1200 3 .9 1098 12 6 .7 5 6 . 8  144 . 5  98 . 2  

f8 1 2500 3 . 9  840 11 6 . 4 57 ,9 144 . 7  9 8 . 3  
1 3600 3 ,9 900 14 6 .2 5 8 . 5  145 . 0  98 . 5  

3 1 , 2  0 3 . 9 5 39 13 8 .o 51 . 8  142 .2 96 . 6  
1 1200 3 .9 1061 12 6 . 8 56 . 5  144 .2 98 . 0  
1 2500 3 . 9  1163 8 6 . 5 57 . 5  144 . 6  98 . 2  
1 3600 j ,9 1310 12 5 .8 60 . 5  145 . 7  99 . 0  

4 1 ,2 0 j ,9 519 10 8 .6 50 .0 141 . 3  96 . 0  
1 1200 j ,9 1112 12 6 .4 5 8 . 0  144 . 8  98 . 4  

5 1 , 2  0 3 .9 4 5 8  1 4  8 .4 50 .6 141 . 6  96 . 2  
1 1200 3 . 9 1077 10 7 . 2  5 5 . 4  14 3 . 6 97 . 6 ·  
1 2500 3 ,9 1003 8 6 . 5 57 , 5  144 .6 98 . 2 

1 2 600. 3 ,9 1536 12 6 .2 5 8 . 7  145 . 0  98 . 5  
2 2 400 3 .9 1588 13 6 .7 56 .7 . 144 .3  98 . 0  
3 2 620 3 ,9 121 5  13 6 .0 59 .7 145 .4 98 .8 
4 2 120 3 .9 566 1 5  8 . 3 50 .9 141 . 8  96 , 3  
5 2 340 3 ,9 1444 . 15 5 , 9 59 .9 145 . 5  98 . 8 

* Specimens were compacted with a gyratory compactor at 240-psi pressure and 1-deg pitch for 30 revolutions . 



TESTING AND BEHAVIOR UNDER TRAFF IC 

SELECTION OF TRAFFIC LOADINGS 

Pr ior to the start of traffi c , evaluat ions of the load-c arrying 

c apac ity of the rigid pavement test it ems were made using the as

c onstructed material t e st data shown in Tables 3 and 4 . The evaluat ions 

re sulted in the s elect ion of a 200-kip twin-t andem loading ( B-7 47 spac

ing ) for lane 1 of the rigid pavement test sect ion . 

Us ing re sult s of unconfined c ompre s s ion t e st s  of field-mixed , 

laborat ory c ompacted samples , e st imat es wer e made of st iffne s s  and 

st rength values for t he stabili zed it ems of the flexible pavement test 

sect ion . Then , by us ing layered elast ic theory , stre s s e s , strains , and 

deflect ions were c omput ed for t hree loadings ( 200 , 220 , 240 kips on 

twin-t andem assemblie s ) . Est imates of the number of coverage s each item 

c ould c arry were then made us ing the c orrelat ion s  developed and pre

sent ed in Barker et a1 .
28 

Ba sed on thi s analys i s , the 200-kip twin

t andem load was al so chosen for lane 1 of the flexible pavement t e st 

sect ion , and a 50-kip s ingle-wheel load was selected for the test items 

with in sulat ed layers . At the conclusion of traffi c on lane 1 of both 

the rigid and the flexible pavement t e st sect ions , the re spon ses of the 

var ious items were evaluated , and a 240-kip twin-tandem load was selected 

for traffic king lane 2 o f  both t e st sect ions . ·  

TEST COND IT IONS AND PROCEDURES 

Traffi c t e st s were per formed on two t e st lanes on the 50-ft-wide , 

290-ft-long r igid pavement t e st sect i on ( F igure 1 )  and on three test 

l ane s on the flexible . pavement t e st sect ion ( Figure 7 ) . Lane s 1 and 2 

o f  the flexible pavement t e st sect ion wer e on the 4 0-ft-wide , 200-ft

l ong sect ion , and lane 3 was on the 10-ft -wide , 80-ft -long in sulat ing 

mater ial s s ect ion . The load c art s ,  t e st lane s ,  traffi c  patterns , pave

ment c ondit ions , and failure c r iteria are disc ussed in the following 

paragraphs . 
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LOAD CABTS 

Traffi c was applied t o  lan e s  1 and 2 on both test s ections with 

the twin-tandem l o ad c art s hown in Figure 44 , The c art 

o f  a load box supported by an A-frame and was t owed by a Cat erpillar 

Model 619 tractor . The load box was c arr:i, ed by four whe e l s  arranged as 

shown i n  Figure lf 5 .  The t e st c art was loaded to a net of 

( 50 per wheel ) for traf:fi cking lane 1 and to 2I1 0  kips ( 60 kips 

wheel } for trafficking lane 2 .  'rire s on the load cart were 56x16 with a 

38 ply r ating . The t ire c ont act area for bot h loads was maintained at 

267 in . by u s ing infla.t ion pre s s ur e s  of 190 and �)50 ps i f'or the 200-

and the 240-kip load s , 5 0-kip s ingle-wh e el a s s embly 

load cart to apply traffic on lane 3 o f  fl exible pavement t e Et 

s e c t i on i s  shown in Fi gure 46 . 'l'he load cart c on s i st ed of a load box 

suppor t ed by an A-frame and was towed by a Super C tractor . 

The load box was c arded by a s ingle 56x1 6 , 32-ply tir e  and was loaded 

t o  50 k ip s . The tire was inflated t o  200 p s i , giving a c ontact are a  o f  

267 s q  i n .  

li'i gure 4 1+ .  Twin-t andem a s sembly load c art 
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Figure 1+ 5 .  Wheel arrangement for twi n-tandem a s sembly 

Fi gure l+6 . S i ngl e-wheel a s s embly load c art 
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TRAFFIC LANES 

Figures 1 and 7 show the location and width of each test lane on 

the rigid and flexible pavement sections , respectively . Each lane con

sisted of a ·portion of the test section on which no traffic had previ

ously been applied . Lanes 1 and 2 on both the rigid and flexible pave

ment sect ions were 10 ft wide and ran the full length of the test sec

tions . Lane 1 on the rigid pavement sect ion was laid out so that the 

longitudinal construct ion j oint in the section coincided with the edge 

of the area that received 100 percent of the traffic .  Test lane 2 on 

the rigid pavement sect ion was laid out approximately at the center of 

the north slabs with no longitudinal joints in the traffic lane in 

items 1-4 , but a weakened-plane longitudinal joint was included in 

item 5 .  Test lane 3 was 5 . 83 ft ( 70 in . ) wide and 80 ft long . 

TRAFFIC PATTERNS 

Two types of traffic patterns were used in applying the test 

traffic . Layout s of the two patterns are shown in Figure 47 . The lat 

eral di stribution of traffic over the traffic lanes was arranged in a 

pattern to simulate the actual traffic distribut ion experienc ed on a 

prototype runway . The coverage levels referred to in thi s report are 

the total number of coverages applied in the 100 percent coverage zone . 

Traffic was appl�ed with the twin-tandem assembly load cart in 

the pattern shown in Figure 47b using five guidelines which were painted 

on the pavement 15 in . apart . To a_p_pl_y the traffic over the 10-ft-wide 

traffic lane in the pattern depicted , the load cart first traveled the 

full length of the test lane along guideline 1 ( south side of the traf

fic lane ) and then traveled back along the same line . The cart was 

shifted laterally to guidelines 2-5 in succession , and . a pass in each 

direction was applied along these guidelines .  Additional passes in each 

direct ion were applied to guidelines 4 ,  3 ,  2 ,  2 ;  3 ,  4 ,  4 ,  3 ,  2 ,  and 3 ,  

in that order . A traffic pattern for the twin-tandem as sembly required 
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30 passes of the load c art and resulted in 10 coverages* in the center 

60 in . of the test lane for the rigid pavement and 20 coverages in the 

c enter 60 in . for the flexible pavement and a lesser number of coverages 

along the edges . 

Traffic applied with the single-wheel assembly load cart on 

lane 3 was in the pattern shown in Figure 47a using five guidelines 

painted on the pavement approximately 14. in . apart . To apply the traf

fic pattern depicted , the load cart first traveled the full length of 

the test lane along guideline 1 ( south edge of the traffic lane ) and 

then was shifted laterally to guidelines 2-5 in succes sion for 1 pass  in 

each direction on each line . Therefore , when the load cart had tra

versed the full distance across the test lane , a total of 2 coverages 

had been applied over the test lane . Guidelines 2 and 4 were traveled 

three more times in each direct ion , and guideline 3 was traveled four 

more times in each direct ion . This application resulted in the desired 

coverage pattern . The interior 14 in . of th� traffic lane received 

100 percent of the traffic , and the exterior portions of the lane 

received 80 and 20 percent as shown in Figure 47a . 

FAILURE CRITERIA 

Flexible Pavement Items . In judging failure of the flexible 

pavement test items , a distinction was made between settlement due to 

traffic compaction and distortion due to  shear deformation . Settlement , 

which is  the result of dens ification of the base or subbase under accel

erated traffic , was anticipated because it was not possible to apply a 

heavy c ompact ion effort on the lower layers of the subbase or base 

c ourse · in the thin layers placed over the subgrade or in the thin layers 

placed over insulat ing materials . The term "shear deformat ion" as used 

* For rigid pavement s ,  the number of coverages is a measure of the num
ber of maximum stress repetit ions that occur in the pavement due to 
the applied traffic . A coverage occurs when each point of the pavement 
within the test lane has been subjected to a maximum stress , as suming 
the stress  is  equal under the full tire print width.  For the twin
tandem gear , the front and rear twin wheels are suffici ently close 
that only one maximum stress repetition occurs for each pas s of the 
gear . 
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herein refers to excessive plastic movement or , in extreme cases , to rup

ture of any element in the pavement structure . A flexible pavement item 

was considered failed when either of the following condit ions occurred : 

a .  Surfac e upheaval o f  the pavement adj acent to the traffic 
lane reaches 1 in . or more . 

b .  Cracking extends through the asphaltic concrete  layer . 

Plain Portland Cement Concrete Items . For the plain portland 

cement concrete items in the rigid pavement test section , there were 

three c onditions that were considered to  const itute failure : 

a .  Init ial crack failure . A crack that is  visible at the sur
face of the pavement , extends through the depth of the 
concrete  slab , and is caused by traffic loading constitutes 
the intial crack failure condition . This should not be 
confused with surfac e cracking resulting from such minor 
defects as spalls , popouts , shrinkage , etc . It must also 
be recognized that concrete may crack during its early 
life due to c auses other than traffic loadings , and any 
such cracks should not be construed as denoting the 
initial crack failure condit ion . 

b .  Shattered slab failure . Cracking that is vi sible on the 
pavement surface or subdivides a pavement slab into six 
pieces or more constitutes the shattered slab failure condi
tion . The cracking must be associated with traffic loading 
rather than result ing from some minor defect or early life 
cracking prior to application of traffic . 

c .  Complete failure . Cracking that is vi sible on the pavement 
surface and subdivides the pavement slab into individual 
piec es having an area of less than about 15 to 20 sq ft each 
and that is characterized by relat ively large permanent de
formations and faulted cracks or j oint s constitutes complete 
failure . 

Fibrous-Reinforc ed Concrete Items . In identifying failure of the 

fibrous-reinforced concrete items , consideration was given to the extent 

of cracking in the pavement and the amount of permanent deformation in 

the traffic lane . The intital cracks in fibrous-reinforced concrete do 

not appear to affect the structural performance of the pavement as they 

do in nonreinforced concrete . Cracks in the fibrous-reinforced concrete 

do not open up and spall under traffic as is the case with nonreinforced 

concrete . The fibrous-reinforced concrete was c onsidered failed when 

either of the following c onditions occurred : 
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a .  The crack pattern becomes concentrated enough that small 
areas of the pavement begin to break away and develop into 
potentially damaging foreign obj ects . 

b .  Permanent deformat ion in the traffic lane exceeds l in . 

APPLICATION OF TRAFFIC 

Traffic was applied to the test sections during the period 

4 October 1972-8 May 1973 . Schedules of the applicat ion of traffic on 

lane 1 of both test sections are shown in Figure 48 . Schedules of the 

application of traffic on lane 2 of the rigid pavement test section and 

lanes 2 and 3 of the flexible permanent test section are shown in Fig

ure 49 . Most of the traffic was applied on days with no rain , but some 

traffic was applied during light rainfall and immediately after rainfall . 

PAVEMENT TEMPERATURES 

Thermistors installed at various elevations in the pavement 

structure as shown in the instrumentation laybut in Figures 13-15 were 

used to record temperature readings periodically during the application 

of traffic .  Figure 50 shows the maximum and minimum temperatures re

corded at 1/4 in . below the surface of pavement , the maximum and minimum 

ambient temperatures , and the average temperature at the interfac e of 

the portland cement concrete surfac ing and the bituminous base course in 

item 3 of the rigid pavement test section . Pavement temperature versus 

traffic distribution curves for each item of lanes 1 and 2 of the flexi

ble pavement test section are shown in Figures 51 and 52 , respectively. 

£0LLECTION �F iNSTRUMENTATION �ft�A 

Before applying any traffic , static load instrumentation measure

ment s were made on all items of the test sections . Single-wheel load

ings used were 30 and 50 kips , with 90- and 190-psi tire pressures ,  re

spectively. In addit ion , before applying any traffic , static load in

strumentation readings were made with the 240-kip twin-tandem assembly 

( 250-psi tire pressure ) on lane 2 of both test sections . As shown in 

Table 10 , static load measurement s were made throughout the traffic life 

of the test sect ions . At frequent intervals during traffic , dynamic 
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Table 10 

Coverae;e Level s of Static Load Inst rumentation Tests 

Coverae;es Coverae;es Coverases 
Single- S i ngle- Single-

Wheel Wheel Wheel 
As sembly Tvin-Tande�1 Assembly Twin-Tandem Assembly Twin-Tandem 

Test Location Load Assembly Loed Test Location Load Assembly Load Test Location Load Assembly Load 
Test Lane Item kil?S Jtil?S Test Lane I tem kil?S kil?S Test Lane Item kil?S kil?S 

Section ..Ji2.:. ..1!2.:.. lQ. .2Q._ 120 2QQ_ _240 
Section � ..1!2.:.. 30 2JL_ gQ_ _gQ.Q_ _.?!L � ..1!2.:.. ..1!2.:.. lQ. .2Q._ 120 _gQ.Q_ _Ag_ 
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0 

1170* 
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0 0 0 0 
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200 

3000• 40 
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4 

0 
0 0 0 

2 

0 0 0 

0 

3
2

0
 

200 
40 

620 

1000 
. 1200 4 0 

0 

0 0 
0 

1230* 
2500 

4ot 

1770* 

3660 120 

3000• 

3 
0 0 0 

0 

5 
0 

0 0 
0 0 

3090• 

40 

Jtot 

4o4o• 

5560• 

1200 120 

2500 
260 

6 360• 

3660 340 

5 0 0 0 0 
4680 

3 4 0 0 
0 

0 

200 5540 

1000 

6700 

170 

1230* 7820 5 
0 0 0 0 

170 

• Strain sensors recorded on WES mul tichannel equipnent • 

•• ?lo lnstrur.ients in lane 2 of i t em 5 .  

t Strain sensors recorded with both Bison console and WES l!lul t ichannel equipnent . 



( slowly moving) load response measurement s were also recorded . The 

results of these measurement s will be reported in subsequent volumes . 

BEHAVIOR OF PAVEMENTS UNDER TRAFFIC 

Visual observations of the behavior of the t est items for each 

lane were recorded throughout the traffic test period. The se observa

tions were supplemented by photographs , electronic instrumentation read

ings , rod and level readings , and plot s of cracks occurring at various 

locations . Rod and level readings were taken on the pavement surface at 

preselected points on each item prior to and at intervals during traffic 

to show the development of permanent pavement deformation and deflection 

of the pavement under the assembly load for the lane being observed . 

After failure , a thorough investigat ion was made by exc avating test 

trenches across the traffic lanes and by establishing profiles of the 

surfac e of the various layers in the structure , along with strength 

measurements and other pertinent tests to determine where failure had 

occurred . Tables 11 and 12 summarize the pertinent physical property 

data and result s of traffic testing on the rigid and flexible pavement 

test sections , respectively . The behavior of each item under traffic is  

summarized below. The data obtained during the traffic tests are pre

sented in Appendixes A and B for the rigid and flexible pavement test 

sect ions , respect ively. 

RIGID PAVEMENT TEST SECTION 

Item 1 .  The pavement structure in item 1 cons isted of 7 in . of 

fibrous-reinforced concrete over a 20-in. -thick MESL base course .  At 

3000 coverages of the 200-kip load , the entire item was severely cracked 

and was considered t o  have reached the complete failure condition . 

Under the 240-kip load in lane 2 ,  cracking . became severe over the entire 

item at 1010 coverages ,  and the item was c onsidered to have reached the 

complete failure condition.  

Item 2 .  Item 2 cons isted of 4 in . o f  fibrous-reinforc ed concrete 

on a 17-in . -thick b�e course c omposed of clay gravel stabilized with 

6 percent portland cement . The item was considered completely failed at 
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Table 11 

Summary of Traffic Test De.ta tor Ridd Pavement Test Section 

Water Content , 
Percent , in 

Top 6 in. 
Traf- of Subgrade 

fie Aft.er 

Subgrade 
Dry 

Densit7, pct, 
in Top 6 in. 
of Subgro.d.e 

Item Lane As Con- Traf'- As Con-
After 
Traf-

!!2.:..... J!.2.:_ � � -11.£._ � ...!1£... 

Base Course Pavement 
,Modulus or Modulus of 

S.:1il Reaction Soil Reaction 
pci pd Thickness, in. 

After After Thick- After 

Concrete 
Flexural 

Strength, psi 
Arter 

As 1 Con- Trat- Aa Con- Trar- neaa As Con- Trar- As Con-
.!!.� -11.£._ � ..!!!:.- J.!!.:- � � � 

Trar
tictf 

Pertonmnce !lftta 
Maximum lo, Coverages for 

Maximum Pu.a- F&ilure Condition 
Load Total Static nent Com-

Assembly per No, ot Defiec- Defer- Ini- Shat- plete 
Used tor Tire Cover- tion mation tial tered Fail
� _!L. -Y!!.... _.m._ J.!!.:- � lliL � Remerl<a 

l l s 29.8 47 180 175 230 20 7,0 735 992 Twin- 50,000 3000 0.54 0.7 1000 18o0 3000 

2 

4 

2 

1 

2 

1 

2 

2 

1 

1 

2 

2 

1 

2 

1 

2 

1 

2 

l 

2 

N 

s 

SW 

SE 

NW 

lfE 

SW 

SE 

IN 

s 

• 

s 

• 

s 

• 

s 

If 

29.8 

34.1 

34.1 

32.2 

32.2 

32,2 

32.2 

33.1 

33.1 

33.1 

33.1 

33 . 5  

33 . 5  

33.3 

33..3 

30.0 

• Determined from level readings. 
Measured from beam sample s ,  

89.1 

85.0 

85.0 

87 .0 

87.0 

87.0 

87.0 

86.1 

86 . l  

86 . 1  

86 . 1  

92 . 1  

85.5 

86.o 

86.o 

t Determined from 28-day construction control tests. 

47 

85 

85 

84 

84 

84 

84 

40 

40 

40 

40 

200 

u8 

164 

164 I 

68 

68 

120 

143 

tt Representative values baaed on beam samples cut f'rom pavement . 
$ Traffic -• discontinued before item reached failure condition shown. 

175 

545 

545 

99 

99 

99 

99 

167 

167 

167 

167 

250 

490 

375 

255 

255 

200 
200 
328 

328 

188 

63 
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20 

17 

17 

6 

9 

9 

9 

9 

3 

3 

3 

7,3 

4.li 

4.3 

14.8 

14.7 

14.9 

15.2 

14.4 

14.li 

lli.3 

14.5 

14.7 

15,5 

14.7 

15.2 

15.0 

15,3 

15.1 

15. 4 

7,8 

4.0 

4.0 

14.6 

14.6 

14.8 

lli.7 

15.1 

8o5 

695 

810 

500 

500 

515 

515 

540 

540 

470 

470 

540 

545 

540 

545 

540 

545 

51,0 

545 

1097 

1177 

1120 

897 

897 

910 

910 

868 

tandea 

6o,ooo io10 

50, 000 1770 

6o,ooo 950 

50, 000 636o 

50,000 636o 

6o,OOO 1200 
60,000 1500 

50,000 636o 

50,000 636o 

60,000 

6o,ooo 

950 

950 

50,000 3000 

6o,ooo 950 

50,000 3000 

60,000 950 

50,000 1230 

6o,ooo 740 

50,000 3000 

6o,ooo 350 

0.37 

0.42 

o.46 

0.30 

0.17 

0.20 

o.21i 

0.16 

0.15 

0.26 

0.23 

0.38 

0 . 40  

0.28 

0.42 

0.15 

0 . 43 

0.21 

0. 53 

0.7 

2.1 

3,2 

o.8 

0.8 

0.2 

0.2 

1,5 

1. 5 

0.2 

0.2 

1.4 

0,7 

0.9 

1.9 

o.6 

1.1 

0.4 

0.1 

200 650 1010 

500 1200 1770 

150 loOO 

1770 636o 

466o 
350 

• 

• 

• 

466o 5500 

466o 5850 

100 

350 

• 

• 

* 

* 

• 

740 

• 

• 

• 

• 

• 

• 

Joint l'ailure 

t Joint failure 

$ Joint failure 

t Joint failure 

1000 1230 I - $ 

350 

lo80 

?O 

* 

Joint failure 

$ Joint failure 



Table 12 

S1111111&!:X of' Tr&f'f'ie Teat D&ta t'or Flexible P&Vement Teat Section 

Lo&d Tire Tire Maxi.mum 
per Infiation Cont&et Rated Pennanent Maximum Maxl.aua 

Tr&t'rie Tire Preuure Area Item Subgr&de lo. ot Detoniation Defiection Upheaval Pavement Rating ot 
..1!.!!!.._ Aaaemblll'. -1L -R!!.._ ll....!!!.... !!2..... � Coveryea in • i n .  _i_n_. _ Cracking It ... 

200-kip tvin- 50,000 190 267 1 5 .6 0 o.o 0 .17 
tandem 1200 o .6 0 . 23 lone Satiaf&etory 

3660 1 . 2  0 . 21 Severe Failed 

2 5 . 4  0 o.o 0 . 26 

1200 0 .7 0 . 30 Slight Satisfactory 

3660 1 .1 0 . 23 Severe Failed 

3.8 0 o .o 0 .23 

3660 1 .4 0 . 21 Jlone Satiaf&etory 

7820 1 . 5  0 .21 Severe Failed 

4 .9 0 o .o 0 . 34 

320 0 .1 0 . 29  lone Satiaf&etory 

138o 1 . 3  o.49 o.4 SH·ere Failed 

5 4 .o 0 o .o 0 . 30 

1200 2 . 0  0 . 24 Slight Satisfactory 

2500 2 . 3  0 .17 0 .2 Severe Failed 

240-kip tvin- 60,000 250 267 1 11 . 4  0 o . o  0 . 25 
tandem 320 1 .4 o .47 o . i.  Slight Satiataetory 

600 3 . 2  0 . 60 1 .0 Severe Failed 

2 4 .o 0 o . o 0 .24 

120 0 .7 o .42 1 . 2  Slight Satia!&etory 

31>0 1 . 4 o .44 l .7 Severe Failed 

3 . 2  0 o.o 0 . 21 

320 1 .2 0 . 38 1 .0 Rone Satist&etory 

620 2 . 5 o . 48 2 . 3  Slight Failed 

5 . 2  0 o.o 0 . 38 

40 o.8 o .43 Slight Satiataetory 

120 1 .7 0 .90 Severe Failed 

4 . 2  0 o .o 0 . 30 

120 1 . 5  0 . 39 0 . 7  Slight Satiaf&etory 

31>0 2.4 o .4o 0 .9 Severe Failed 

3 50-kip 50,000 200 267 4a 4 .2 0 o.o 0 .16 
aingle• 

170 1 .3 0 . 36 0 . 3  Severe Failed 
vheel 

240 1 . 5  1 .1 Severe 

lib 4 .2  0 o .o 0 .10 
170 l .4 0 .28 0 .2 Severe Failed 

240 1 .8 1 .1 Severe 

4e 4 .2 0 o .o 0 .06 

170 l . O 0 . 20 0 . 3  Sl ight Satilf'aetory 

240 2.1  l . 5  Severe Failed 

44. 1'.2- (). . ().,(). . 0 .06.· 

170 1 .0 0 .29 0 . 3  Slight Satisfactory 

240 2 .7 1 .4 Severe Failed 

5a 4 .1 0 o.o 0 .06 

. 170 o . 8  0 .08 Slight Satiatactory 

240 1 .0 Severe Failed 

5b 4 .1 0 o.o 0 .09 

170 o.6 · 0.08 Rone Satia taetory 

240 1 .0 0 . 3  Sli ght Failed 

5c 4 .1 0 o .o 0 .15 

170 1 .0 0 .12 Slight Sat is factory 

240 1 .2 0 . 3  Severe Failed 

5d 4 . 1 0 o . o  0 .14 

170 1 .2 0 .12 Slight Satisfactory 

240 1 . 3  0 . 2  Severe Failed 
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1770 coverages of the 200-kip load and at 740 coverages of the 240-kip 

load. Both failures were due to severe cracking of the fibrous-

reinforced concrete . 
. .. / 

Item 3 .  Item 3 consisted of 15 in . of plain portland cement con

crete over a 6-in . -thick bituminous base course . At the conclusion of 

traffic of the 200-kip load ( 6360 coverages ) ,  a shattered slab failure 

had developed in the southwest slab ; only initial crack failure had been 

reached in the northwest and southeast slabs ; and no cracks had devel

oped in the northeast slab . Under the 240-kip load , severe spalling 

occurred along crack paths and at transverse joint s .  In lane 2 ,  1200 cov

erages of the 240-kip load were applied to the western half of the item,  

and 1500 coverages were applied to the eastern half of  the item . 

Item 4 .  Item 4 consisted of 15 in . of plain portland cement 

concrete over a 6-in . -thick base course of lean clay stabilized with 

12 percent portland cement . After 6360 coverages of the 200-kip load , 

the item had numerous severe cracks , and pumping had occurred at the 

transitions and at the transverse weakened-plane j oint . Shattered slab 

conditions were reached at 5500 coverages and 5850 coverage s on the 

southwest and southeast slabs , respectively . 

on the item before complete failure occurred.  

Traffic was discont inued 

Under the 240-kip load , 

the initial crack failure condition was reached at 100 coverage s and 

40 coverages on the northwest and northeast slabs , respect ively. Traf

fic was discontinued before other failure conditions were reached . 

Subitem 5a . The pavement structure in subitem 5a was composed of 

-15 _in . _of _pJ.ain _portland cement concrete and a 6-in. -thick base course 

of lean clay stabilized with �2 percent portland cement over 3-in . -thick 

35-psi polystyrene panels .  At 3000 coverages of the 200-kip load , spal

ling along the longitudinal j oint became severe , and two hairline trans- . 

verse cra.cks developed in the north slab . Pumping , which was first 

noted at the transverse joint s after 750 coverages ,  became more severe 

with applicat ion of addit ional traffic and continued for 2 to 3 hr after 

rainfall stopped. The initial crack failure condition was reached in 
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subitem 5a at 290 coverages of the 240-kip load . Severe spalling along 

the weakened-plane joint occurred by 740 coverages .  The cement-stabilized 

lean clay base course material began pumping through the cracks in the 

pavement at about 350 coverages , and the pumping became progressively 

more severe with additional applications of the 240-kip load . 

Subitem 5b . Subitem 5b consisted of 15 in . of plain portland 

cement concrete over 9 in . of lightweight concrete . Spalling parallel 

to the longitudinal construct ion joint was severe when traffic with the 

200-kip load was discontinued after 3000 coverages .  During the 200-kip 

load trafficking , pumping was first observed along the transverse joint 

on the east edge of the subitem at 340 coverages and then occurred at 

750 coverages along the transverse  joint on the west edge of the sub

item. Under the 240-kip load , the initial crack failure condition 

occurred at 350 coverages ,  and traffic was discontinued at 740 cover

ages . Pumping began along the east end transyerse joint at 320 cover

ages  and increased with continued application of traffic .  

Subitem 5c . Subitem 5c consisted o f  a 15-in . -thick layer of 

plain portland cement concrete over 3-in. -thick 120-psi polystyrene 

panels .  At 1230 coverages of the 200-kip load , the south slab of the 

subitem had reached the shattered slab failure condition . Pumping was 

observed along the east transverse joint .at 220 coverages .  At 340 cov

erages , pumping had become severe with liquified subgrade material being 

extruded through the transverse joints  on both sides of the .south slab . 

Pumping continued with applicat ion of additional traffic and was ob

served for 2 to 3 hr after rainfall stopped. Under the 240-kip lo� 

the initial crack failure condition was reached at 350 coverages .  At 

740 coverages ,  severe spalling had occurred along the weakened-plane 

joint . Pumping began between subitems 5b and 5c at 320 coverages and 

bec ame more severe as cracks developed in the pavement of the subitems . 

Subitem 5d . Subitem 5d consisted of 15 in . of plain portland 

cement concrete over 3-in � -thick 35-psi polystyrene panels .  The initial 

crack failure condition was reached at 1080 coverages of the 200-kip 

101 



load . When traffic on lane 1 was discontinued at 3000 coverage s ,  spal

ling along the longitudinal construction joint extended almost the f'u.11 

length of the subitem. Minor pumping occurred under traffic .  Under the 

240-kip load , the shattered slab condition was reached at 200 coverages ,  

and severe spalling was occurring at 350 coverages when traffic was 

discontinued • .  

FLEXIBLE PAVEMENT TEST SECTION 

Item 1 .  The pavement structure-in item 1 was a 3-in . -thick 

asphaltic concrete wearing course over 6 in . of crushed limestone base 

course material and a 24-in . -thick subbase of lean clay that was stabi

lized with 3 percent hydrated lime , 2 percent portland cement , and 

10 percent fly ash. This item was failed by 3660 coverages in lane 1 of 

the 200-kip load and by 600 coverages in lane 2 of the 240-kip load . 

Severe cracking that extended through the asphaltic concrete occurred 

under traffic in both lanes . 

It em 2 .  Item 2 contained 3 in . of asphaltic concrete  wearing 

course over a 25-in . -thick base course of lean clay stabilized with 

12 percent portland cement . This item failed under 3660 and 320 cov

erages of the 200- and 240-kip loads on lanes 1 and 2 ,  respectively . 

In both traffic lanes , severe cracks penetrated the f'u.11 depth of the 

asphaltic  concr.ete .  

Item 3 .  Item 3 consisted of 3 in . of asphaltic concrete over 

25 in. of gravelly sand stabilized with 5 percent portland cement . 

Traffic by the 200-kip load was discontinued after 7820 coverages in 

-1ane -1 -when --cracks -penetrated -the -full -d-epth -of the asphaltic concret e .  

Cracking o f  the pavement in lane 2 (under the 240-kip load ) was 'never 

severe , but the item was considered failed after 620 coverages because 

of the excessive upheaval and deformation of the pavement . 

Item 4 .  Item 4 consisted of 3 in . of asphaltic concrete with a 

25-in . -thick base c ourse of clayey sand stabilized with 5 percent port

land cement . The item was failed by 1380 coverages of the 200-kip load 

and. by 120 coverages of the 240-kip load . Failure was attributed to 
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shear deformation in the base course and to severe cracks that extended 

through the asphaltic c oncrete of each lane . 

Item 5 .  Item 5 contained 3 in . of asphaltic concrete over 6 in. 

of crushed limestone and . 33 in . of gravelly sand.  Under the 200- and 

240-kip loads , the item was considered failed at 2500 and 340 coverages , 

respectively, due to severe cracking that had penetrated the :fUll depth 

of the asphaltic concrete in each lane . 

Subitems 4a-d . Subitems 4a-d of the insulat ing materials sect ion 

( lane 3 )  consisted of 3 in. of wearing course over a 25-in . -thick stabi

lized clayey sand subbase course that included insulating materials that 

were placed at the depths in the subitems shown in Figure 8 .  All four 

subitems developed severe cracks under the 50-kip single-wheel load and 

were cons idered failed when the cracks penetrated the full depth of the 

asphaltic concrete . Subitems 4a and b failed at 170 coverages ,  and sub

items 4c and d failed at 240 coverage s .  

Subitems 5a-d . Subitems 5a-d contained 3 in . of asphaltic con

crete over 6 in . of crushed limestone base course and a 33-in . -thick 

subbase course of gravelly sand that incorporated insulating materials 

at the depths shown in Figure 8 .  Subitems 5a , 5c , and 5d sustained 

severe cracks and 5b sustained slight cracks under the 50-kip single

wheel load . All subitems were considered failed at 240 coverages when 

the cracks extended through the full depth of the asphaltic concrete . 

SUMMARY OF TRAFFIC TEST DATA 

RIGID PAVEMENT TEST SECTION-

Table 11 presents  a summary of pertinent physical property dat a 

and result s of traffic testing on the rigid pavement test section . Much 

of this data is self-explanatory ; however ,  some of the columns needing 

further explanation are discussed in the following paragraphs .  

Subgrade Modulus of Soil Reaction . After-traffic tests showed 

that the modulus of soil reaction k of the subgrade increased in all u 
items . The largest increase occurred in item 1 where the value increased 
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from 47 pci during construction to an average of 180 pci after traffic . 

This increase was probably due to the increase __ in dry density from 89 . 1  

to 92 . 1  pcf ,  with a corresponding decrease in water content of 29 . 8  to 

27 . 7  percent . The increase in density probably occurred during con

struction of the MESL base course in the item . Items 2 and 4 showed 

smaller increases in k ( see Table 11 ) ,  but the water content and u 
density in these items were approximately the same after traffic as 

before traffic . Item 3 showed an increase in k from 84 to 164 pc i ;  u 
the water c ontent in the subgrade was approximately the same after 

traffic as before traffic , but no density measurement s were taken a�er 

traffic . Determinat ions of k were not made in item 5 during con-u 
struction . Since k values obtained in items 1-4 were about ·the same u 
during construction and since the subgrades in all items were constructed 

at the same t ime , it i s  assumed that the subgrade modulus in item 5 was 

about the same as that in the other items duri�g construction and that 

the increase in subgrade modulus in item 5 during traffic was about the 

same as the increase in the moduli in items 2 and 3 .  

Base Course Modulus of Soil Reaction . Values of k for the u 
base courses determined after traffic were higher than those obtained 

during c onstruction in all items where construction values were avail

able , except in item 2 .  In item 1 ,  the average water content after 

traffic was slightly lower in lane 1 and about 3 perc ent lower in lane 2 
( see Tables 3 and 13 ) than that during construction . Thi s probably 

accounts for the increase in k in item 1 .  In item 2 ,  k was lower u u 
after traffic than during c onstruct ion ( Table 11 ) .  During traffic on 

this item ,  deformations of 2 . 1  and 3 . 2  in . occurred in traffic lane s 1 

and 2 ,  respectively. This deformation probably c aused a breakdown in 

the cement-stabilized base course , which resulted in the lower k 
u 

values of the base course . ku for item 3 was 255 pc i after traffic and 

99 pci during c onstruction . The temperature of the bituminous base 

course recorded during the after-traffic testing ranged from 70 to 72 F .  

The temperature o f  the bituminous base course was not recorded while the 

plate bearing test s were being run during c onstruction , but the ambient 
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Table 13 
After-Traffic Test Data for Rigid Pavement Test Sect ion 

Depth Below Lane l Lane 2 
Pavement ku Water Dey . ku Water Dey 

Item Surface Value Content Density Value Content Density 

� Material i n .  � percent � _&.. percent � 
l Lean clay 7 230 15 .9 100 .6 250 12 . 5  100 . l  

MESL 13 14 . 6  96 .6 
19 1 5 . 0  100 . 5  

7• 20 .7• 101 . 5* 
13* 22 .6• 9 8 . 5• 
19* 22 .6• 

Heavy clay 27 180 200 27 . 7 92 .1 
subgrade 

2 Clay gravel 4 490 33 .l 85 , 5  375 
with 
6 per-
cent 
port-
land 
cement 

Heavy clay 2l 118 
subgrade 

3 Bituminous 15 255 --
base 

Heavy clay 2l 164 33 . 5  
sub grade 

4 Lean c lay 1 5  200 328 23 . 3  
with 
12 per-
cent 
port-
land 
cement 

Heavy clay 2l 68 33 . j  86.o 
subgrade 

5a Lean clay 15 188 
with 
12 per-
cent 
port-
land 
cement 

Heavy clay 24 
sub grade 

5b Heavy clay 24 
subgrade 

5c Heavy clay 18 120 30 .0 90 .4 
. subgrade 

34 . 4  85 .4 
34 .o 84 . 8  

5d Heavy clay 18 143 30 . 9  89 .1 
sub grade 

• Data obtained from observat ion pit in lane 2 of item l .  
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high temperature for that day was 7 5  F with partly cloudy conditions . 

This would indicate that the pavement temperature was about 15  to 20 F 

higher during the construct ion testing than during the after-traffic 

t esting ,  which may account for the low ku value obtained during con

struction. In item 4 ,  the k value was determined 7 days after com-u 
pact ion of the c ement-stabilized base course.  The higher values ob-

tained after traffic were mainly due to the additional aging of the 

cement-stabilized material . No test s were conducted during construction 

of the base courses in item 5 ;  therefore , no comparisons can be made . 

Pavement s .  The as-constructed portland cement concrete pavement 

thicknesses shown in Table 11 are average values that were determined 

from a number of level readings taken on the surface of the completed 

base courses and then on the surface of the pavement in each item . The 

after-traffic thickness values were determined from the concrete beam 

samples and were measured at the point at whiqh the beam spec imen broke . 

Flexural strengths in all items were higher after traffic than during 

construction ;  however , this was expected because of the aging of the 

concrete . The increase in strength was within the range antic ipated on 

mixes of this type . 

Pavement Performance .  Struct.ural cracking and spalling were used 

for evaluating the performanc e of the items , and deflection measurement s 

were made to  assist in predicting performance .  In items 3-5 , traffic 

was stopped before structural cracking had reached any of the conditions 

of failure except in subitem 5d of lane 2 .  In both lanes , spalling was 

severe along the longitudinal j oint s in most of the subitems of item 5 .  

Ma.xi.mum deflections were higher in some cases ( in item l and the west 

slab of item 3 )  for lane 1 ,  which was trafficked with the 200-kip twin

tandem load , than in lane 2 ,  which was trafficked with the 240-kip 

twin-tand�m load . .The defleqtion measurement s in lane 1 were taken with 

the load wheels of the load ca.rt adj acent to the longitudinal c onstruc

tion j oints , and vertical displacement occurred at this j oint .  The 

deflection measurements in lane 2 were taken in the center of the north 

slab . 
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FLEXIBLE PAVEMENT TEST SECTION 

A summary of the traffic test results for the three traffic lanes 

on the flexible pavement test section is shown in Table 12 . Much of 

thi s data is self-explanatory; however , some of the columns needing 

further explanation are discussed in the following paragraphs . 

Rated Subgrade CBR . The rated CBR values of the subgrade shown 

in Table 12 are based on the numerical averages of the CBR values mea

sured during construction ( Table 4 )  and after traffic ( Table 14 ) .  The 

CBR values used were from tests conducted at the surfac e of the subgrade 

and at depths of 6 and 12 in . in the subgrade . In lane 1 ,  CBR values 

obtained after traffic on items 1-4 were somewhat higher than values 

obtained during construction , but value s obtained after traffic on 

item 5 were about the same as the as-constructed values .  Rated subgrade 

CBR values for lane 1 were 5 . 6 ,  5 . 4 ,  3 . 8 ,  4 . 9 ,  and 4 . 0  for items 1 ,  2 ,  

3 ,  4 ,  and 5 ,  respectively. The CBR ' s of the S'Ubgrade in items 1-4 were 

probably affected somewhat by the presenc e of the cement-treated bases 

directly over the subgrade . In lane 2, CBR values obtained after traf

fic were also slightly higher than those obt ained during construction in 

all items exc ept item 3 ,  where the value was slightly lower after traf

fic than during c onstruct ion . This decrease in strength was due to an 

increase in water content of the subgrade . Rated CBR values for lane 2 

were 4 . 4 ,  4 . o , 3 . 2 ,  5 . 2 ,  and 4 . 2  for items 1 ,  2 ,  3 ,  4 ,  and 5 ,  respec

tively. In lane 3 ,  CBR value s obtained after traffic and during con

struction were approximately the same . The rated CBR for all subitems 

in item 4 was 4 . 2  and ror all suoitems of item ) was 4 . L  
Deflection . The deflect ion values shown in Table 12 represent 

the maximum values measured in the items at the number of coverages 

indicated. 

Maximum Permanent Deformat ion . The values listed in Table 12 

were obtained from cross-sectional measurements taken prior to traffic 
�-. 

and at the coverage levels indicated . The maximum deformation oc curred 

within the 100 perc ent traffic zone and normally was at the center line 

of the traffic lane . 
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Table 14 

Arter-Traffic Water Content 1 Densit;i:1 and CBR l:'!!ta for Flexible Pavement Test Section 

.Depth 
Below Inside Traffic Lane Outside Traffic Lane 

Pavement Water Dry Percent Water Dry Percent 
Item Bo . of Surface . Content Density Lab Content .Denlli ty Lab 
!2.:... Material Cover yes _.!!!.:..__ ..£!IB_ percent -E£!._ .Denai ty ...£!!L percent -E£!._ Density 

Lane 11 2001000-lb Tvin-Tandem A111embl;t: ; ' 
l Cruahed-stone base 366o 3 65 2 . 3  154 .3 lOT . 2  T5 3 . 3  l4T .O 102 .1 I 

Lean clay subbaae 9 123 20 .4 100 .l 98 . 6  9T ""· 23.5  9T .4 96 . 0  I 
with 3 percent 

I ·  lime, 2 percent 
portland cement, 

I 10 percent 
flyash 

Heavy clay sub- 33 T 31 .4 88 . 2  ioo.2• 8 30 .2 8T . 2  96 ,9• 
grade 39 T 31 . 8  86.o 9T-T· T 32 . 0  86 .9 9T .6• 

I 
45 T 32 .l 88 .9 l01 . 24t  8 30 .2 88 .6 98 ,4• 

2 Lean clay base 3660 3 15o+ 15.9 108 . 3  100 . 4  15o+ 14 .1 ll3 . 4  105.1 
with 12 per- 9 l5o+ 15o+ 
cent portland 21 8T TT 
cement 

Heavy clay sub- 28 T 29 . 8  89 .2 99 .1• T 30 ,3 89 .0 98 ,9• 
grade 34 8 29 .2 90 .2 99 .1• 8 29 .0 89 . T 9T . 5· I 

4o 5 31 . 3  8T .3 98 . 1• 6 31 . 1  8T .l 9T .9· t I 
3 Gravelly sand T820 3 15o+ 15o+ I base with 5 per-

cent portland 
cement I 

Heavy clay sub- 28 4 .8 30 .6 89 .0 loo .o• 2 .T 32 . T 86 .T l00 .8• f 
grade 34 3 , 5  31 . 8  8T .9 99 .9• 3 .6 31 . 5  88 .2 l00 .24t ! 

40 3 ,9 32 ,9 86 . 5  ioo .6• 3.1 32 .1 86 .8 98 .6• t t 
4 Clayey sand base 1380 3 TO 13.l 118 .0 90 .4 15o+ 11 .9 122 . 6  93,9 l 

with 5 percent 12 50 14 .l llT .8 90 .3 lOT ll .4 u5 .6 88 . 6 
portland cement 

Heavy clay sub- 28 T 2T . 3  92.4 99 .4• 8 25 .8 91 .2 9T .O• 
grade 34 6 29 , 3  89 . 6  98.5• 6 29 .1 90 . 3  98 .24t 

40 4 . 3  32 ,9 84 .9 98 .T• 4 .o 34 .2 83 .9 98 .T• 

5 Crushed-stone base 2500 3 15o+ 1 .9 155 .2 lOT .8 15o+ 1 .2 152 .2 105 .T 

Untreated gravelly 9 52 5 .2 141 .0 106 . 5  5 T  5 .1 140 . 5  106 .1 
sand aubbase 21 40 6 .2 141 .2 106 .6 41 5 , 5 135 .9 102 .6 
(PI • 3 )  2T 25 5 .T 136.T 103 .2 34 6 . 0  135 .6 102 .li 

Heavy clay aub- 42 2 . 5  33 , 3  86 . 5  loo .6• li . 3  32 . 5  8T . 2  loi .4• 
grade 48 3.0 33,4 85 .2 99.1• 4 .1 33,4 85 ,3 99 .29 

54 4 . 3  33 , 6  85,9 99 .9• 4 .T 33.2 81i .9 98.1• 

Lane 21 2401000-1� Twin-Tandem Assembl;i: 

l Crushed-stone base 600 3 141 l .l 153 .2 106 .4 105 1 .2 146 . 8  101 . 9  

Lean clay subbase 9 126 20 .4 1 00 . T  99,2 147 25 .6 98 , 3  96 .8 
with 3 percent 
lime, 2 percent 
portland cement , l 10 percent 

-n1ash j 
Heavy clay sub- 33 4 .2 32 .6 86 .7 100.8• 4 .1 35 ,4 83 . 5  loo .6• I grade 39 5 .1 32 .T 87 , 2 101 .4• 5 . 5  32 .2 87 . 4  101 .6• 

45 5 .4 33 . 2  86 .2 100. 29  5 , 3  32. 9 86 . 3  100.3* 
2 Lean clay base 400 3 l5o+ 15 .l 109 .8 101 . 8  144 1 4 . 8  lo6 .l 98 .3 ! 

with 12 per- t -
cent portland l 
cement 

· 1 Heavy clay sub- 28 5 31 . 6  8T. 4  99 ° 3* 3 . 6  33 ,9 84 .2 99 .0• 
grade 34 5 30 .4 89. 1  99 .0• 3 . 2  33.0 85 . T 99 ,7• I 

40 4 .6 31 . 4  87 .9 99 °9* 3 . 6  , 31 .9 87 .3 100 .3• � -
3 Gravelly sand 620 3 15o+ 3 ,3 137 . 0  100 .0 . 15o+ 2 . 8  135 .3 98 . 8  ! 

base with 5 per- 15 105 15o+ 
cent portland 
cement 

Heavy clay aub- 28 1 . 5  32 .9 85 .8 99 .8• 1 . 8  34 .l 84 . 5  99 ,4• 
grade 34 3,9 31 .4 8T ,9 99 ,9• 2 . 9  33,2 85. T 99 ,7• 

40 3 ,3 33 ,3 85 .7 99 .T• 3 , 9  33 .1 86 .o loo.o• 
(Continued) 

• Percent of CE 12 (ASTM D 698-70) maximum density correspondinc to field in-place water content • 
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Table 14 (Concluded) 
After-Traffic Water Content , Density, and CBR Data for Flexible Pavement Test Section I 

I 
! Depth 
l Below Inside Traffic Lane Outside Traffic Lane 
I Pavement Water Dry Percent Water Dry Percent I 
\ Item No . o f  Surface Content Density Lab Content Density Lab 

; . !!2.:_ Material Coverase s _i_n_. _ ..£filL percent � Density ...£1IB_ percent � Density 

I 4 Clayey sand base 120 3 15o+ 14 .o 116 .4 89 . 2  15o+ 14 .l 116 .4 89 .2 
I with 5 percent 15 26 12.3 112 . 5  86 .2 112 11 .2 121 .0 92.7 

t ·  
portland cement 

Heavy clay sub- 28 6 29 .6 90 .4 100 .4• 3 .9 29 .4 89 .8 98 .7• 

I grade 34 10 27 .8 92.6 100 .7• 9 28 . 5  91 . 3  100 . 3• 
40 4 .5 31 .8 87 . 0  100 .09 6 31 . 0 87.9 98 .8• 

5 Crushed-stone base 340 3 133 2 .0 158 .9 110 . 3  133 2 . 0  155 . 5  108 .o 

I 
Untreated gravelly 9 24 4 . 4 138 . 5  104 .6 25 5 .1 143 . 3  108 .2 

sand subbase 
( PI • 3) 

Heavy clay sub- 42 3 . 9  32 .3 87 .4 100 . 5• 3 . 4  32.0 87 .4  100 . 5• 
grade 48 4 .1 30 . 2  89 .1 99 .0• 4 .3 32.7 87 .0 101 . 2• 

54 6 31 .4 88.l 99 .0• 3 . 5  32 .8 86 .9 101.0• 

I Lane J1 �o 1000-lb Sin!Qe-Wheel Assemblz 

t 4a Clayey sand with 240 3 67 14 .l 109 . 3  83 . 8  114 11 .6 115 .8 8 8 . 7  I 

I 5 percent port- 15 27 16 . 8  110 .4 84 .6 33 10 .7 121 .6 93.2 
land cement 

60-pai polystyrene 18 8 7 
I Clayey sand with 22 56 17.8 109 . 5  83 .9 22 16.8 u6 . 5  89 . 3  f 
! 5 percent port-
t land cement 
t 

Heavy clay sub- 28 2 .8 83 .0 • 9 3 . 3• 4 . 4 27 . 2  87 . 3  93 .9• l , 30 .9 
grade 34 3 .1 32 . 2  87 . 3  1 00 . 3• 3 . 8  28 .6 86 . 3  94 .8• 

40 2 . 6  34 . 5  85 . 5  100 .6• 2 . 8  33 .9 84 .7 99 .6• 

4b Clayey sand with 240 3 1 3 . 5  116 .8 89 .5 13 .0 117 .4 90 .0 
5 percent port-
land cement 

4c Clayey sand vi th 240 3 104 14 .o 110 .9 85 .0 13o+ 14 .2 115 . 2  88 . 3  
5 percent port-
land cement 

Lightweight con- 9 39 66 
crete 

Clayey sand vi th 18 51 1 2 .8 112 .5 86 .2 18 1 3 .4 118 .8 91 .0 
5 percent port-
land cement 

Heavy clay sub- 28 4 .8 28 .7 89 . 5  98.4• 6 28 .9 86 .6 9 5 . 29 
grade 34 6 30 .7 88.9 99 ,9• 8 28 .9 89 .0 97 .8• 

40 4 .5 33 .5 84 .9 · 99 .9• 5 32 .0 85 .4 98 . 29 
5a Crushed lime- 240 3 63 4 . 3 14 4 .3 100 .2 53 2 . 5  146 . 5  101 .7 

atone 

l 
Lightweight con- 9 4 5  82 

crete 

i Gravelly sand 18 20 6 .1 137 .8 104 .l 20 9 . 3  132 .8 100 . 3  

I 30 20 8 .9 136 .4 103 .0 16 6 .1 134 . 9  101 .9 

Heavy clay aub- 42 3 , 6  31 .4 87 . 5  98 , 3• 3 . 4  31 ,7 87 . 8  100.9• 
grade 48 3 . 7  31 .l 89.6 100 .1• 3 . 9  32 .6 86 .7 lOo .8• 

I 
54 3 . 4  33 .4 85 .0 lOo .o• 4 . 3 32 .0 85 . 3  98 .0• 

5c Crushed l ime- 240 3 68 3 . 2  148 . 2  102 .9 85 2 . 2  146 . 5  101 .7 
l stone 

I Gravelly sand 9 69 4 .9 139 . 2  105 . l  49 4 .o 142 .0 107 . 3  

120-psi polysty- 24 14 15 
I rene � -

Gravelly sand 27 31 6 . 7  137 .7 104 .o 23 7 . 5  135 .9 102 .6 
39 9 6 .9 130 . 4 98 . 5  9 7 . 0 137 .1 103 . 5  

Heavy clay sub- 42 3 , 6  32.6 85 , 3  99 , 29 4 .5 28 .0 90 .4 98 . 3• 
grade 48 4 . 4 33.1 85 .2 100 .2• 4 .3 32 . 3  86 .5 99 .4• 

54 5 .0 32 .9 86 .5 l00 .6• 5 .1 31 .8 86 .9 99 .9• 

• Percent of CE 12 (ASTM D 698-70) maximum density corresponding to field in-place water content . 
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Unheaval . The upheaval values shown in Table 12 were obtained 

from cros s-sectional measurements taken at the indicated coverage levels 

and are the maximum values obtained on any cros s section . Upheaval 

adj acent to the traffic lane i s  an indication of shear deformat ion in 

some element of the pavement structure . In thi s study , a test it em was 

considered failed when an upheaval of 1 in . or more was measured . 

Pavement Cracking . Pavement cracking through the full 3-in . 

thickness of asphaltic concrete was another failure criterion . Where 

pavement cracking is indicated in Table 12 as "severe ,"  such a condit ion 

existed and the pavement items were considered failed . "Slight"  crack

ing indicates narrow, s�allow surface cracks that did not extend through 

the asphalt ic concrete surfac e layer ,  

Rating of Test Items . Pavement failure developed in all test 

items under the 200-kip load in lane 1 .  In lane 1 ,  the primary cause 

of failure was fatigue cracking of the asphaltic concret e ,  except for 

item 4 .  In item 4 ,  shear failure that developed in the cement-stabilized 

base course between 1200 and 1380 c overages resulted in rupture of the · 

base course and a loss in strength as indicated by the CBR tests  after 

traffic . All items of lane 2 were failed by the 240-kip loading . The 

primary cause of failure in lane 2 was subgrade shear deformat ion in 

items 1-3 . Failure o f  lane 2 of item 4 was due to shear deformat ion in 

the stabilized base course. Lane 2 of item 5 failed due to excessive 

cracking of the asphaltic concrete layer accompanied by exc essive de

formation and some lateral movement and upheaval in the gravelly sand 

subbase . All items in lane 3 failed under the 50-kip single-wheel load 

due to fatigue cracking and excessive deformation . 
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SUMMA.RY OF FINDINGS 

RIGID PAVEMENT TEST SECTION 

The significant findings from the tests  of the rigid pavement 

test section are summarized as follows : 

a .  The MESL base under the fibrous-reinforc ed concrete in item 1 
performed quite well under traffic and gained strength during 
traffic . Localized failures occurred at each end of the item . 
These were the result of a failure of the load transfer mech
anism between the fibrous-reinforced concrete and the tr�
si tion slab .  Excessive deflection resulted in a rupture of 
the membrane allowing infiltration of water into the MESL 
and a loss in soil strength. 

b .  All base c ourses in the rigid pavement test sect ion were 
effective in preventing pumping of the subgrade soils . 
However , some pumping of the cement-stabilized lean clay was 
noted in item. 4 ,  and some subgrade pumping occurred through 
the joints and cracks of the insulating materials and con-
crete  in item 5 .  

· 

c .  The keyed-and-tied longitudinal j oint s in test items 1 ,  3 ,  
and 4 performed sati sfactorily except for a port ion of the 
west slab in item 3 where a j oint failure developed . 

d .  In lane 1 of item 5 ,  the spalling init iated at the key and 
progressed to the surface at about a 45-deg angle . 

e .  The transverse weakened-plane j oint s in items 3 and 4 per
formed satisfactorily under both the 200- and 240-kip twin
tandem assembly loads with little or no faulting or j o.int 
deterioration . 

f .  The transverse and longitudinal weakened-plane joints in 
lane 2 of item 5 failed under the 240-kip twin-tandem load
ing , with considerable faulting and joint deterioration 
accompanied by pumping of subgrade soil through the joints . 

s_. The thickened-edge longitudinal joint in the 4-in . -thick 
fibrous-reinforc ed concrete of item 2 did not perform en
tirely satisfactorily as faulting along the joint on the 
south paving lane developed quite early during traffic in 
lane 1 .  

h .  The overall performanc e of the 7-in . -thick fibrous-reinforced 
concrete in item 1 over the MESL base course was very good 
and somewhat better in both lanes 1 and 2 than that for the 
4-in . -thick fibrous-reinforced concrete over the cement
stabilized clay gravel base in item 2 .  

i .  The overall performance of the 15-in . -thick portland cement 
concrete was about the same over the bituminous base course 
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in item 3 as that of the 15-in . -thick portland cement concrete 
over the c ement-stabilized lean clay in item 4 .  

The overall performance of the 15-in . -thick portland cement 
concrete in test items 3 and 4 was somewhat better than that 
of the 15-in. -thick concrete in all subit ems of it em 5 over 
the insulating . materials . 

FLEXIBLE PAVEMENT TEST SECTION 

The significant findings from the tests  of the flexible pavement 

test section are summarized as follows : 

a .  

b .  

c .  

d .  

e .  

The primary mode of failure for the flexible pavement under 
the 200-kip twin-tandem loading was excessive cracking of 
the asphaltic concrete surface layer in test items 1-3 and 
5 .  Item 4 failed due to shear deformation in the cement
stabilized clayey· sand base course . 

The primary mode of failure for test items 1-3 of lane 2 
under the 240-kip twin-tandem loading was shear deforma
tion in the subgrade accompanied by excessive cracking of 
the asphaltic concrete surface layer in items 1 and 2 .  The 
mode of failure in item 4 was shear deformat ion in the base 
course accompanied by excessive cra�king of the asphaltic 
concrete surface layer . The mode of failure in it em 5 was 
excessive cracking in the asphaltic concrete accompanied by 
excessive deformat ion and some lateral movement and upheaval 
of the sand subbase . 

The order of overall performance of the items for both lanes 
1 and 2 ,  from best to worst , was items 3 ,  1 ,  2 ,  5 ,  and 4 .  

The cement was most effective in stabilizing the cohesion
less gravelly sand in item 3 and least effective in stabi-
lizing the clayey sand ( PI = 21 ) in item 4 .  

The overall performance of items 1-3 ( total thicknesses over 
the subgrade of 33 , 28 , and 28 in . , respectively ) was better 
than that of item 5 ,  which consisted of 42 in . total thickness  
of  convent ional construction over essentially the same strength 

� subgrade . 

f .  The performance o f  item 5 under the 240-kip twin-tandem gear 
loading was essentially the same as that for item 5 of the 
original MWHGL test section under the same loading . The only 
difference in these two items was that a cohesionless gravelly 
sand subbase was used in the MWIIGL test section as compared 
with a low-plasticity ( PI = 3 )  gravelly sand in this test 
section . 

.s_. Under a single-wheel load , the performance of the items 
incorporating insulating materials at various depths in the 
structure was not as good as that of the same pavement items 
without the insulating materials under either the 200- or 
240-kip load .  
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APPENDIX A :  BEHAVIOR OF RIGID PAVEMENT TEST SECTION UNDER TRAFFIC 

200-KIP LOAD , LANE 1 

ITEM 1 

A general view of the item. prior to traffic is shown in Figure Al .  

No cracks were vi sible in the item at this t ime . At 200 coverages ,  a 

few transverse hairline cracks were observed , and one crack near the 

west end of the item extended across the entire traffic lane ( Figure A2 ) .  

The crack at the west end of the item appeared to have been caused by a 

load transfer failure between the transition slab and the 7-in . -thick 

fibrous-reinforced concrete . This area was repaired after 280 cover

ages , and traffic was continued. Cracks cont inued to develop with 

addit ional applicat ion of traffic . At 1770 coverages ,  each end of the 

item was severely cracked ; however ,  the center of the item had only a 

moderate amount of cracks ( Figure A3 ) .  At 300P coverages ,  the ent ire 

item was severely cracked (Figure A4 ) and was considered to have reached 

the shattered slab condit ion. 

Figure A5 shows the progression of cracks with the application of 

traffic . Permanent deformations of the pavement surfac e are shown by 

the cross sections in Figure A6 , and the maximum deformation is shown in 

Table 11 of the main text . Deformations at each end of the item were 

not representative of those in the rest of the item since failure at 

these points occurred due to  a load transfer failure at the transit ion 

slabs . Excluding the deformation at the two ends of the item , an 

average deformation_ of. ahout_ 0.-55- in.._ and_ a maximum of 0 .  70 in . were 

recorded at the end of traffic ( 3000 coverage s ) . 

ITEM 2 

A general view of the item prior to traffic is shown in Figure A7 . 

No cracks were visible in the item prior to traffic . At 200 coverages ,  

several longitudinal cracks were noted in the pavement (Figure AB ) ,  and 

approximately 0 . 1 in . of vert ical di splacement had oc curred along the 

longitudinal butt j oint between the north and south slabs . At 1000 cov

erages ,  cracking at the west end of the item and along the south edge of 
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the traffic lane was fairly heavy ( Figure A9 ) .  The average vertical 

movement along the longitudinal butt j oint was about 0 . 5 in . Cracking 

continued with the application of traffic , and at 1770 coverages com

plete failure had occurred ( Figure AlO) . Differential displacement 

between the north and south slabs along the butt j oint averaged about 

o . 6 in.  Figure A5 shows the progression of cracks with the application 

of traffic . Permanent deformations of the pavement surface are shown by 

the cross sections in Figure All. An average deformation of 1 . 38 in.  

developed along the longitudinal j oint , and a maximum of 2 . 1  in . was 

recorded . 

ITEM 3 

A general view of the item prior to traffic is  shown in Figure Al2 . 

Prior to traffic ,  a transverse shrinkage crack had developed in the 

southwest slab . At 200 coverages , a transverse crack developed in the 

southwest slab approximately 6 in . from the weakened-plane j oint between 

the east and west slabs ( Figure Al3 ) .  At 1770 coverages of the 200-kip 

load , the initial failure cndition was noted in the northwest slab . At 

approximately 2050 coverages , semicircular cracks began to develop in 

the southwest slab adj acent to the longitudinal construction j oint . 

These semicircular cracks continued to develop along with spalling , and , 

at 3000 coverages , a diagonal crack developed in the southwest slab . 

The condition of the item at 3000 coverages i s  shown in Figure Al4 . A 

corner break developed at the northwest corner of the southeast slab at 

4460 coverages .  Progressive spalling of the concrete along cracks was 

observed with additional cracking in the southwest slab to 6360 cover

ages when traffic was terminated . At 6360 coverages ,  a shattered slab 

failure had developed in the southwest slab ;  only the initial· crack 

failure condition had been reached in the northwest and southeast slabs ; 

and no cracks had d�veloped in the northeast slab . The condition of the 

item at the conclusion of traffic is shown in Figure Al5 . 

The progression and extent of cracking at selected levels of 

traffic are shown in Figure A5 . Permanent deformation in the test lane 

is  shown in Figure Al6. As is  shown in these cross sections , a 
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differential movement of about 0 . 5  in . occurred between the north and 

south slabs on the east half of the west slabs . An average deformation 

of 0 . 63 in . and a maximum deformation of 0 . 8  in . were recorded . Slight 

pumping began at about 1500 coverages at transver se joints at each end 

of  the item and became more noticeable with continued application of 

traffic . Pumping was apparent at the transitions during and immediately 

after rainfall . There was no pumping through the longitudinal construc

tion j oint , the weakened-plane joint , or the cracks not ed within the 

test item proper . 

ITEM 4 

The condition of item 4 prior to traffic is  shown in Figure Al7 . 

No vi sible defect s were noted in the item before traffic .  At 1770 cov

erages , a hairline crack was noted at approximately the center of the 

northwest slab and extended from the longitudinal construction joint to 

the north edge of the traffic lan·e (Figure Al8 ) , and minor spalling was 

noted in the northwest slab at the transverse weakened-plane joint . No 

further cracking developed until 4630 coverages . Between 4630 coverages 

and 4660 coverages ,  all interior corners cracked except the southeast 

corner of the northeast slab . Cracking progressed with continued traf

fic ; at 6360 coverages ,  the item had numerous cracks as shown in Fig

ure Al9 . The progression and extent of cracking at selected levels of 

traffic are shown in Figure A5 . Permanent deformation in the test lane 

is  shown in Figure A20 . An average deformation of 1 . 0  in . and a maximum 

deformation ' of 1 . 5  in . were recorded . Pumping at the transit ions and 

at the · transverse weakened--prane Jofnt was n-rst observed- at· 

750 coverages and increased with the application of traffic . 

ITEM 5 

The condit ion of all subitems in item 5 prior to traffic is shown 

in Figure A21 . Prior to traffic , the only cracks noted were in the 

north slab between subitems 5b and 5c where the transverse weakened

plane j oint had not been sawed and at the east end of the subitem 5c 

parallel to the transverse weakened-plane j oint . The behavior of each 
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of the subitems under traffic is discussed in the following paragraphs . 

Subitem 5a . At 1770 coverages ,  a crack developed parallel to and 

about l ft south of the longitudinal construct ion joint ( Figure A22 ) .  

With cont inued application of traffic to 3000 coverages , spalling along 

the crack path became severe and two hairline transverse cracks devel

oped in the north slab (Figure A23 ) .  Traffic was stopped at 3000 cover

ages  because of severe spalling along the longitudinal joint . Permanent 

deformat ion in the traffic lane is  shown in Figure A24 .  As shown in 

these cross sections , a differential movement of about o . 6  in . occurred 

between the north and south slabs . An average deformation of 1 . 13 in . 

and a maximum deformation of 1 . 4  in . were recorded . Pumping , first 

noted at the transverse j oints at 750 coverages ,  became more severe with 

the continued application of traffic and continued long after rainfall . 

Subitem 5b . Spalling was noted parallel to the longitudinal con

struction j oint at 1770 coverages ( Figure A25 )�  Cracking progressed 

with the application of traffic , and , at 3000 coverages ,  spalling along 

the longitudinal construction joint was severe ( Figure A26 ) . Permanent 

deformation in the traffic lane i s  shown in Figure 24 . Only about 

0 . 3  in . of differential movement occurred between the north and south 

slabs near the west end of the subitem.  An average deformat ion of 

0 . 65 in . and a maximum deformat ion of 0 . 9  in . were recorded . Pumping 

was first observed along the transverse joint on the east edge of the 

subitem at 340 coverages , and at 750 coverages pumping was observed 

along the transverse j oint on the west edge . 

Subitem 5c . With the except ion of spalling along the transverse 

- -Joint - at -the - ea-st -edge - of -the -sub±t-em,  the initia1. cracks were observed 

at 1000 coverages (Figure A27 ) . At 1230 coverages ,  the south slab of 

the subit em had reached the shattered slab condition , as shown in Fig

ure A28 . - Pumping was observed along the east transverse joint at 200 cov

erages .  At 340 coverages , pumping had become severe , with the heavy 

clay pumping through the transverse joint s on both sides of the south 

slab . Pumping cont inued with traffic and was observed long after rain

fall . Permanent deformation in the traffic lane is shown in Figure A29 .  
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Cross sections taken at 1000 coverages show that there was 0 . 3  in . of 

permanent deformation , but , at the time of failure at 1230 coverages ,  

about 0 . 6  in . of differential movement was measured at the longitudinal 

j oint between the north and south slabs . 

Subitem 5d. The first crack was recorded at 1080 coverages and 

was located parallel to and about 2 ft south of the south edge of the 

traffic lane . At 2220 coverages ,  spalling began developing parallel to 

the longitudinal construction j oint . At 3000 coverages ,  spalling along 

the longitudinal construction joint extended almost the full length of 

the subitem (Figure A30 ) . Pumping was observed along the transverse 

j oint between subitems 5c and d at 220 coverage s but was not observed 

along the east edge of subitem 5d at the transitions until 750 coverages .  

Pumping continued with traffic but was never as serious as in subitem Sc . 

The cross sections shown in Figure A29 indicate that 0 . 3  in . of perma

nent de formation developed in the traffic lan� during the application of 

traffic . 

240-KIP LOAD , LANE 2 

ITEM 1 

A general view of item 1 prior to traffic is  shown in Figure A31 . 

No cracks were observed in the pavement surface prior to static loading 

for instrumentation readings , but , during static loading , several cracks 

developed in the item ( Figure A32 ) . Cracks continued to develop with 

the application of traffic , and , at 200 coverages ,  cracking was heavy at 

the west end and moderate at the east end of the item (Figure A33 ) .  

Traffic was continued , and , at 430 coverages ,  severe cracking had devel

oped at the west end of the item. Landing mat was placed over the area , 

and traffic was continued to 1010 coverages .  At 1010 coverages , crack

ing had become severe over the entire item (Figure A34 ) , and the item 

was considered to have reached the complete failure condition . Permanent 

deformation of the pavement is shown in the cros s sections in Figure A35 .  

The west end of the item i s  not included in the profiles because the 

polypropylene used to encase the lean clay was torn , probably during 
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construction , and the lean clay became wet causing a premature failure 

in about 10 ft of the extreme west end . The large deformation at the 

east end of the item was probably due to a load transfer failure where 

the fibrous-reinforced concrete slab joined the transition slab . Perma

nent deformation in the traffic lane , not including the two ends , aver

aged 0 . 5  in . with a maximum deformation of  0 . 7  in . A slight upheaval 

( 0 . 3  in . ) of the pavement surface occurred outside the traffic lane at 

the north edge of the pavement . 

ITEM 2 

A general view of  item 2 prior to traffic i s  shown in Figure A36 .  

No cracks were observed in the pavement until 4 0  coverages of traffic 

had been applied. At 40 coverages ,  a few small hairline cracks had 

developed near the west end of the item. At 200 coverages ,  cracking was 

moderate at the west end , and a few small hairline cracks were devel

oping near the east end ( Figure A37 ) .  Cracking continued to  develop 

with the application of traffic . At 740 coverages ,  severe cracking had 

developed throughout the entire traffic lane , and the item was consid

ered completely failed . The progression of cracks with the application 

of traffic is  shown in Figure A32 . Although the item was considered 

failed at 740 coverages , traffic was continued to 950 coverages . Crack

ing bec ame extreme , and permanent deformation increased (Figure A38 ) .  

The a.mount of permanent deformation i s  shown in the cross-sections in 

Figure A39 .  Permanent deformation in the traffic lane averaged 1 . 78 · in . , 
-

and the maximum deformation was 3 . 2  in . As is  shown by the cross sec-

tions , an upheaval occurred along the outs ide of the traffic lane on the 

north side . Upheaval along the north edge averaged 1 . 02 in . , with a 

maximum of 2 . 1  in . 

ITEM 3 

A general view of item 3 prior to traffic is  shown in Figure A40 .  

Prior t o  traffic , the item had one crack located at about the middle of 

the west slab ·and transverse to the direction of traffic .  During the 

instrumentation readings prior to trafficking lane 2 ,  a longitudinal 
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crack developed in the center of the traffic lane . After 200 coverages ,  

these were the only cracks in the item except for minor spalling at the 

west transition slab (Figure A41 ) . Traffic was cont inued to 1200 cov

erages on the we st half of the item and to 1500 coverages on the east 

half of the item , with severe spalling occurring along the crack paths 

and at transverse joint s ( Figure A42 ) .  The progression of cracks with 

the application of traffic is shown in Figure A32 . Cross sections of 

the pavement surface at selected intervals of traffic are shown in 

Figure A43 .  These profiles show that an average of 0 . 13 in . of perma

nent deformation occurred in the traffic lane during the application of 

traffic . 

ITEM 4 

A general view of item 4 prior to traffic is shown in Figure A44 .  

Cracks that occurred during trafficking of lane 1 extended to the south 

edge of traffic lane 2 .  During the application of static load traffic 

for taking instrumentation readings , a longitudinal crack developed near 

the center of the traffic lane in the west slab and near the south edge 

of the traffic lane in the east slab .  During the application o f  traf

fic , the first crack developed in the northeast slab at 40 coverages .  

At 100 coverages , cracks had developed transverse t o  the traffic lane in 

both slabs , and the longitudinal cracks at the center of the traffic lane 

extended the entire length of the item (Figure A45 ) .  At 950 coverages , 

severe spalling was oc curring along crack paths (Figure A46 )  • .  The 

progression of cracks with the application of traffic is  shown in Fig

ure A32 . Cros s  sections of the pavement surface at serect·ed- int-erva-ls

of traffic are shown in Figure A47 . These cross sections show that an 

average of 0 . 15 in . of permanent deformat ion occurred in the traffic 

lane during the applicaton of traffic . 

ITEM 5 

Test item 5 was divided into four subitems . Prior to traffic no 

cracks were noted in any of the subitems . The behavior of each subitem 

will be discussed separately in the following paragraphs . 
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Subitem 5a . During static loading , cracks developed at the east 

end of the subitem at the intersection of the transverse and longitudi

nal weakened-plane joints . These were the only cracks to develop during 

the first 200 coverages (Figure A48 ) . With continued traffic , the 

transverse cracks at the east end progressed across the subitem.  The 

intial crack failure condit ion was reached at 290 coverages .  At 500 

coverages ,  spalling was noted at the west end of the subitem parallel to 

the longitudinal j oint . With continued application of traffic , spalling 

became severe the full length of the subitem. At 740 coverages ,  the 

weakened-plane j oint was considered failed , but traffic was continued to 

950 coverages (Figure A49 ) . The progression and extent of cracking at 

selected levels of  traffic is  shown in Figure A32 . Permanent deforma

tion in the traffic lane i s  shown in Figure A50 . An average deformation 

of o . 63 in . and a maximum deformat ion of 0 . 7  in . were recorded . Cros s  

sections at stations 2+46 and 2+52 taken at 950 c overages indicated 

that the weakened-plane joint sheared since there was definite vert ical 

displacement between the north and south slabs . Pumping of the cement

stabilized lean clay base course material through the cracks was first 

noted at 350 coverages and became more severe with the application of 

traffic . 

Subitem 5b . At 200 coverage s ,  the subitem was in excellent 

condition except for a minor amount of spalling at the j oint between 

subitems 5b and c (Figure A51 ) . The first crack caused by loading was 

noted outside the traffic lane at 350 coverages .  The weakened-plane 

j oint began spalling at 540 coverages and at 740 coverages ,  spalling ex

tended the full length or -the subitem. -The j oint was considered failed 

at 740 coverages ,  but traffic was continued on the item to 950 cover

ages , with spalling becoming severe along the weakened-plane j oint 

(Figure A52 ) . The progress ion and ext ent of cracking at selected levels 

of traffic s..re shown in Figure A32 . Permanent deformat ion in the traffic 

lane is shown in Figure A50 . An average deformat ion of 1 . 3  in . and a 

maximum deformation of  1 . 9  in . were recorded . The cross sections show 

differential movement of about 1 in . between the north and south slabs 
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along the weakened-plane j oint .  Pumping was first observed along the 

transverse j oint on the east end of the subitem at 320 coverages and in

creased with the application of traffic . 

Subitem 5c . At 160 coverages ,  spalling began parallel to the 

longitudinal weakened-plane j oint near the east end of the subitem 

( Figure A53 ) . At 350 coverages ,  the first load-associated crack was 

noted outside the traffic lane . With continued applicat ion of traffic , 

spalling along the weakened-plane j oint increased and , at 430 coverages , 

extended the entire length of tne subitem. Spalling along the joint was 

severe at 740 coverages and the j oint was considered failed . Traffic 

was continued on the subitem to 840 coverages ;  the condition of the 

pavement at that coverage level is  shown in Figure A54 . The progression 

and extent of cracking at selected levels of traffic are shown in Fig

ure A32 . Permanent deformation of the traffic lane is  shown in Figure 

A55 . An average deformation of 1 . 0  in . and a maximum deformation of 

1 . 1  in . were recorded. The cross sections show a differential movement 

of about 0 . 6  in . between the north and south slabs along the weakened

plane joint . Pumping was noted between subitems 5b and c at 320 cov

erages .  As cracks developed ,  pumping became more severe . 

Subitem 5d . At 20 coverages ,  the first load-associated crack de

veloped near the center of the traffic lane on the east end and ran 

diagonally across  the subitem from the center of the subitem to both 

edges of the traffic lane at the west end (Figure - A32 ) .  At 200 cov

erages , cracking and spalling along crack paths had become severe 

( Figure A56} , and a s-hatte-red- s-la-b- conditi-on- of fai-lure was - reached. 

Traffic was cont inued to 350 coverages (Figure A57 ) . The progression 

and extent of cracking at selected levels of traffic are shown in Fig

ure A32 . Permanent deformation in the traffic lane is  shown in Figure 

A55 .  An average deformation of about o . 6  in . and a maxi.mum deformation 

of 0 . 7  in . were recorded. Only a very slight different ial movement 

occurred at the weakened-plane joint between the north and south slabs . 
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AFTER-TRAFFIC TESTING PROGRAMS 

Comprehensive after-traffic testing programs. were conducted in 

both paving lanes to establish the physical properties of the pavement , 

base course , and subgrade .mat erials that were needed for an evaluat ion 

of the behavior of each test item.  Beams and cores were used to  deter

mine the pert inent properties of the paving materials . Results of plate 

bearing tests and density and water content determinations were used to 

evaluate the base courses and subgrade . The test program included both 

laboratory and field tests . 

The locations of after-traffic test pits and cores are shown in 

Figure A58 .  Test pit s in items 1 and 2 of lane 1 were excavated across 

the longitudinal construction j oint between the north and south slabs in 

order to examine the differential movement between the two slabs . Test 

pit s in items 3-5 of lane 1 were located in the south slab adj acent to 

the longitudinal construction j oint so that th� keyed j oint s and tie bars 

could be examined . It was found that the keyed-and-t ied joints in items 

1 ,  3 ,  and 4 performed satisfactorily except in the east half of the west 

slab of item 3 ,  where the keyed j oint failed re sult ing in a surface 

differential of about 0 . 5  in . between the north and south sides of the 

j oint .  In item 5 ,  an initial crack developed about 1 ft south of and 

parallel to the longitudinal joint . As traffic continued , spalling and 

cracking developed rather rapidly in all subitems . This initial crack 

was located at about the end of the tie bars in the longitudinal j oint 

and formed an angle of about 45 deg with the joint . In removal of the 

slab from the test pits , the tie bars and keyed j oint s  were disturbed 

so that the actual condit-ion o"f ·the J Olrit could not be -verl:fied . Test 

pits in lane 2 were located near the center of the traffic lane in all 

items except item 1 ,  2 ,  and 4 ,  where test pit s extended from the center 

to the north edge of the test section . 

Concrete slabs removed from the test pits were taken to the WES 

Concrete Laboratory for sawing into test 

beams were cut from each slab exc ept for 

which only two beams could be obtained. 
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width equal to the pavement thickness . Bea.ms were only slightly longer 

than three times their depth , so only one break was obtained on each beam . 

Bea.ms were tested for modulus of elast icity in accordance with CRD-C-21 . 29 

When the modulus of elastic ity test was completed , loading was continued 

to failure of the beam. Result s of flexural strength and modulus of 

elast icity tests obtained on the beams are shown in Table Al . Also 

shown in Table Al are the results of modulus of elastic ity and flexural 

strength test s performed on beams of lightweight concrete from sub-

i tem 5b . 

Four cores were taken from the portland cement concrete in each 

test item , and two cores were taken from the lightweight concrete base 

in subit em 5b . The four cores taken from item 1 were 4 in . in diameter ;  

all other cores were 6 in . in diameter .  All cores were tested according 

to the applicable part of CRD-C-10729 for unit weight . The four cores 

from item 2 were tested for splitting tensile strength ac cording to . 29 . 
CRD-C-77 . Compressive strength and static modulus of elasticity were 

determined on cores from items 1 and 3-5 . Dynamic modulus of elasticity 

was determined on portland cement concrete cores from it ems 3-5 . The 

two lightweight concrete cores were tested for unit weight , and compres

sive strength and the stat ic modulus of elast icity were determined on 

one of the cores . The results of all tests on cores are shown in 

Table A2 .  

Plate bearing tests were performed at the surface o f  the base 

courses , insulat ing layers , and subgrade . Plate bearing test s  were not 

performed on the surface of each layer in every t est pit due to the time 

and cost that would have been involved ,  but tests  were performed at 

selected locations to obtain values representative of the entire test 

section .  Load-deflection plots for each plat e bearing test are shown in 

Figures A59-A63 , and the moduli of  soil reaction are shown in Table 11 

of the main text . Moisture content and density determination were made 

at the surface of the base course and at the surface of the subgrade in 

various test pits . Moisture content determinat ions were made from 

samples of materials from an observat ion pit at the west end of item 1 ,  
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lane 2 ,  to determine if there had been any change in the moisture content 

of the lean clay in the MESL . The results of all the moisture content 

and density determinations are shown in Table 13 of the main text . 
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Figure AL Item 1 ,  lane 1 ,  rigid pavement test s ection , prior to traffic 

Figure A2. .  Item 1 ,  lane l ,  rigid pavement t e st section , after 
200 c overage s by 200-kip twin-tandem assembly 
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!tern 1 ,  lane 1 ,  rigid pavement t e st section , 
coverages by 200-kip twin-tandem assembly 

Figure A4 . Item 1 ,  lane 1 ,  rigid pavement test section , after 

3000 coverage s by 200-kip twin-tandem assembly 
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Figure A7 . Item 2 ,  lane 1 ,  rigid pavement test s e ction , prior to traffi c 

Figure AB . Item 2 ,  lane 1 ,  rigid pavement test section., after 
200 c overage s by 200-kip twin-tandem as sembly 
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Figure A9 . Item 2 ,  lane l , rigid pavement test section, after 
1000 coverages by 200-kip twin-tandem assembly 

Figure AlO . Item 2 ,  lane 1 ,  rigid pavement t e st s ection , after 
1770 c overage s by 200-kip twin-tandem assembly 
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Figure Al2 . Item 3 ,  lane 1 ,  rigid pavement test section , pri or to traffic 

Figure Al3 .  Item 3 ,  lane 1 �  rigid pavement t e st s ect i on , a:fter 
200 c overages by 200-kip twin-t andem a s s embly 
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Figure Al4 . Item 3 ,  lane 1 ,  rigid pavement test · s e ction , aft er 
3000 coverages by 200-kip twin-tandem as sembly 

Figure Al5 . Item 3 �  lane 1 ,  rigid pavement t e st s ect ion , after 
6360 c overage s  by 200-kip twin-tandem a s sembly 
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Figure A17 .  Item 4 ,  lane l >  rigid pavement t e st section � prior to tra.f'fic 

Fi gure Al8 . Item 4 ,  lane l ,  rigid pavement t e st section , after 
1770 coverages by 200-kip twin-tandem as sembly 
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1'.,i gure A19 . Item 4 ,  1 ,  :rigid pavement t e st s ect ion , aft;er 
6360 c overage s by 200-kip twin-tandem assembly 
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Figure A21 . Item 5 �  lane l ,  rigid pavement test s e ction , prior to traffic 

Figure A22 . Subitem 5a � lane 1 ,  r igid pavement t e st sec t i on , 
after 177 0  c overages by 200-kip twin-t andem as sembly 
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Figure A2�� Subitefil Sa , lane 1 ,� rigi d pavement test section , 
aft er 3000 coverages by 200-kip twin-tandem assembly 
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Figure A24 . Surface deformation in subitems 5a and b ,  lane 1 ,  rigid pavement test section 



Figure A25 . Subitem 5b , lane 1 ,  rigid pavement test section , 
after 1770 coverage s by 200-kip twin-tandem ass embly 

Figure A26 . Subitem 5b , lane l ,  rigid pavement test s e ction , 
after 3000 c overag e s  by 200-kip twin-tandem assembly 
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Figure A27 .  Subitem 5c , lane 1 ,  rigid pavement test sect i9n , 

after 1000 coverages by 200-kip twin-tandem assembly 

Figure A28 .  Subitem 5c , lane l ,  rigid pavement test section , 
af'ter 1230 coverages by 200-kip twin-tandem a s s embly 
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Figure A30 . Subitem 5 a ,  lane 1 ,  rigid pavement t e s t  s e ct ion , 

a:fter 3000 coverage s by 200-kip twin-tandem ass embly 

Figw.· e  A31 . It em 1 ,  lane 2 , rigid pavement t e st section , prior to tra:ffic 
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Figure A33 .  Item 1 ,  lane 2 ,  rigid pavement t e s t  s ection , 
after 200 coverages by 240-kip twin-t andem as sembly 

Figure A34 .  Item 1 , lane 2 ,  r i g i d  pavement t e s t  s e ct io n � 
aft er 1010 coverages by 240-kip twin-tandem a s s embly 
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Figure A36 . Item 2 ,  lane 2 ,  rigid pavement test section , 
prior to traffic 

Figure A37 . Item 2 ,  lane 2 ,  rigid pavement t e s t  section 
a:fter 200 coverages by 240-kip twin-tandem as s embly 
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Figure A38 . Item 2 ,  lane 2 ,  rigid ,pavement test- section, 
after 950 coverages by 240-kip twin-tandem assembly 
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Figure A40 . Item 3 ,  lane 2 ,  rigid :pavement t e st s e ction , 
prior to traffi c 

Fi gure A41 .  Item 3 ,  lane 2 ,  rigid pavement t e s t  section , 
aft er 200 c overage s  b y  24 0-kip twin-tandem a s sembly 
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Fi gure A44 . Item 4 �  lane 2 ,  rigid pavement test s ection , prior to traffic 

Figure A4 5 .  Item 4 ,  lane 2 ,  rigid pavement test . section , 
after 200 c overage s by 2I•O-k:l.p twin-tandem a s s embly 
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Figure A46 . Item 4 ,  lane 2 ,  rigid :pavement t est s e ction� 
a.fter 950 coverage s by 240-kip twln-tandem ass en:;_bly 
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Figure A48 . Subitem 5a , lane 2 ,  rigid pavement test section , 
after 200 .coverages by 21�0-kip twin-t andem assembly . 

Figure A49 .  Subitem 5a , lane 2 ,  rigid pavement t e st '.3e ct ion , 
a:ft er 950 coverages by 240-kip twin-tandem a s s embly 
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Figure A50. Surface deformation in subitems 5a and b ,  
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Figure A51. Subitem 5b , lane 2 ,  rigi d pavement t e st s ection � 
after 200 c overages by 240-kip twin ... tandem as sembly 

Figure A5 2 .  Subitem 5b � lane 2 ,  rigid pavement t est section � 
after 950 coverages by 240-kip twin-tandem as sembly 
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:Figure A5 3 .  Subitem 5c , lane 2 ,  rigi d pavement test s e ction � 
after 200 coverages by 24 0-kip twin-tandem as sembly 

Figure A54 .  Subitem 5c , lane 2 ,  rigid pavement t est section , 
after 840 c overage s by 2 40-kip twin-tandem assembly 
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Figure A56 . Subitem 5d , lane 2 ,  rigid pavement test section , 

aft er 200 coverages by 240-kip twin-tandem as sembly 

Figure A57 . Subitem 5 d ,  lane 2 ,  rigid pavement t e st s e ction , 
after 350 c overages by 240-kip twin-tandem a ssembly 
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Table Al 

Results of Tests of Bea.ms from Risid Pavement Test Sect ion 

Nominal Average 
Test Lane Beam Flexural Static 

Item Pit and Size No . of Strength Modulus 
No . No . Slab in . Bea.ms psi 106 psi 

1 1 2N 8 by 8 by 24 3 1097 4 . 68 

1 2 lS 1 by 1 by 21 3 992 5 . 33 

2 3 2N 4 by 4 by 12 3 1120 6 . 41 

2 4 lS 4 by 4 by 12 3 1177 4 . 60 

3 5 2NE 15 by 15 by 45 2 910 6 . 30 

33 6 lSW 15 by 15 by 45 3 897 6 . 79 

4 1 2NW 15 by 15 by 45 3 605 5 . 87 

4 8 lSE 15 by 15 by 45 3 982 7 . 23 

5a 13 lS 15 by 15 by 45 3 965 7 . 76 

5b* 10 2N 8 by 8 by 24 3 127 0 . 373 

5c  11 2N 15 by 15 by 45 3 868 6 . 10 

* Lightweight concrete base . 
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Table A2 

Re sult s .  of Tests on Concrete Cores From Rigid Pavement Test Section 

Item Date Core bi� Length Weight 
No . Tested No . in.  in . lb 

1 5-16-73 1 3 . 89 6 . 90 6 . 98 
1 5-16-73 2 3 . 89 7 . 05 7 . 10 
1 5-16-73 3 3 . 89 6 . 50 6 . 42 
1 5-16-73 4 3 . 89 6 . 50 6 . 53 
2 5-16-73 5 5 . 90 4 . 50 10 . 40 
2 5-16-73 6 5 . 90 4 . 50 10 . 80 
2 5-16-73 7 5 . 90 4 . oo 9 . 20 
2 5-14-73 8 5 . 90 4 . 50 10 . 00 
3 5-16-73 9 5 . 90 12 . 10 28 . 20 
3 5-14-73 10 5 . 90 12 . 00 28 . 10 
3 5-14-73 11 5 . 90 12 . 15 28 . 20 
3 5-14-73 12 5 . 9 0  11. 90 27 . 60 
4 5-14-73 13 5 . 90 12 . 00 28 . 20 
4 5-14-73 14 5 . 90 12 . 10 28 . 40 
4 5-14-73 15 5 . 90 12 . 00 27. 90 
4 5-14-73 16 5 . 90 11 . 90 27 . 20 
5 5-16-73 17 $ . 90 12 . 05 27 . 80 
5 5-16-73 17** 5 . 90 8 . 50 6 . 06 
5 5-14-73 18 5 . 90 12 . 10 28 . 20 
5 5-16-73 19 $ . 90  12 . 40 28 . 50 
5 5-16-73 19** $ . 90 8 . oo 5 . 85 
5 5-14-73 20 5 . 9 0  12 . 10 27 . 90 

* Core had vertical crack prior to testing . 
** Lightweight concrete core . 

Compressive Tensile 
Density Strength Strength 

ECf ESi ESi 

146 . 9  5840* 
145 . 3  7610 
143 . 6  6690 
i46 . o  6840 
i46 . o  830 
151 . 0  860 
145 . 3  880 
147 . 2  905 
147 . 3  5880 
148 . 0  5820 
144 . 5  5020 
146 . 6  6660 
148 . 5  6480 
148 . 3  8580 
146 . 9  5670 
144 . 5  6990 
145 . 7  6590 

45 . 0  270 
147 . 3  5310 
145 . 2  7280 

46 . 2  272 
145 . 7  6220 

Dynamic Static 
Modulus Modulus 
io6 Esi 106 Esi 

4 . 34 
5 . 2 5  
4 . 75 
5 . 00 

6 . 09 5 . 5 3 
6 . 2 3  5 . 8 0  
5 . 43  4 . 86 
6 . oo 6 . 2 0  
6 . 36 5 . 90 
6 . 45  5 . 8 0  
5 . 81 5 . 00 
6 . 22 5 . 62 
5 . 81 5 . 71 

0 .134 
5 . 84 5 . 14 
5 .99 6 .10 

5 . 62 5 . 07 



APPENDIX B :  BEHAVIOR OF FLEXIBLE PAVEMENT TEST SECTION UNDER TRAFFIC 

200-KIP LOAD , LANE 1 

ITEM 1 

A general view of item 1 prior to traffic is  shown in Figure Bl . 

Cracking began at the west end of the item adj acent to the transition 

area between this test section and the original multiple-wheel heavy 

gear load test section and progressed with the continued application of 

traffic . At 2500 coverages , cracking was severe on the western quarter 

of the item ( Figure B2 ) .  Traffic was continued on the item to 
.
3660 cov

erage s ,  when failure occurred. At the time of failure , cracks had 

penetrated the full depth of the asphaltic concrete . Cracks in the 

western quarter of the item had become extremely severe and thi s area 

had to be covered with landing mat after 2680 coverages in order to 

continue traffic . Figure B3 shows the eastern three-fourths of the item 

at failure ( 3660 coverages ) .  

ITEM 2 

A general view of item 2 prior to traffic is  shown in Figure B4 . 

At 1200 coverages , a few transverse hairline cracks were observed near 

the center of the item where the instrumentation gages were installed . 

As traffic was continued on the section , the transitions at each end of 

the item failed and were covered with landing �at in order to continue 

traffic . At 2500 coverages ,  cracking around the instrumentation grid 

had increased ( Fi�e B5 ) ;  cores taken showed that the cracks were not 

completely through the asphaltic concrete . The item was cons idered 

failed at 3660 coverages , with cracks penetrating the full depth of the 

asphaltic  concrete . The condition of the pavement at failure is shown 

in Figure B6 . 

ITEM 3 

A general view of item 3 prior to traffi c is  shown in Figure B7 . 

Prior to traffic ,  a few hairline shrinkage cracks had developed in the 

item as shown in the figure . The se cracks appeared to seal under the 
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first few coverages of traffic . At about 2500 coverages ,  the· shrinkage 

crack along the north edge of the traffic lane began to open but did not 

affect the structural capabilit ies of the pavement . Traffic was con

t inued on the item.  At about 4600 coverages , a few longitudinal hair

line cracks were noted in the pavement surfac e .  Traffic was discontin

ued on the item at 7820 coverages when cracks penetrated the full depth 

of the asphaltic  concret e .  The condition of the pavement at 7820 cov

erages is  shown in Figure B8 . There was-no rutting at the end of traf

fic ; however ,  the surface of the entire traffic lane was concave . 

ITEM 4 

A general view of item 4 prior to traffic is  shown in Figure B9 . 

Moderate cracking was noted on the west end of the traffic lane at about 

760 coverages .  At 1200 coverages , severe cracking had occured over most 

of the western half of the item ( Figure BlO ) . The item was judged 

failed at 1380 coverages due to cracks penetrating the full depth of the 

asphaltic concrete . Cracks were about 1/2 in . wide , and some rutting 

had occurred . Figure Bll shows the condition of the pavement at failure . 

ITEM 5 

A general view of item 5 prior to traffic is  shown in Figure Bl2 . 

At 1200 coverages ,  shallow hairline cracks were observed near the west 

end of the item (Figure Bl3 ) . Traffic was stopped on the item after 

2500 coverages because cracks penet rated the full depth of the asphaltic 

concrete and the item was considered failed . Figure Bl4 shows the 

condition of the item at the time of failure . 

PAVEMENT DEFLECTION 

Surface deflection measurement s were made at one location per 

item at zero coverages and at various intervals during traffic .  These  

measurements  were obtained with level instruments by reading rods ( en

gineer scales ) at prearranged pos itions on lines both transverse and 

longitudinal to the direct ion of traffic . Transverse deflect ion read

ings were taken along the center line of the rear duals of the twin

tandem assembly. Rod readings were first taken with the load off the 
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the pavement ; the test cart was moved until the c entroid of the assembly 

was at a prearranged position , and a second series of readings was taken 

with the load on . The difference in rod readings indic ated the total 

vertical movement of the pavement . This deflection was essentially 

elastic since the pavement surfac e rebounded to about the original 

elevation when the load was removed. 

Plot s 6f deflect ion measurement s taken transverse to the direc

tion of traffic prior to traffic , about halfway to failure , and at 

failure or termination of traffic for each of the items are shown in 

Figures Bl5-17 . These plots show that generally the amount of deflec-

- t ion decreased with the application of traffic except for item 4 ,  where 

a base course shear failure occurred and the deflection was greater 

( 0 . 49 in . ) at failure than prior to traffic ( 0 . 34 in. ) .  The deflect ion 

data indicate that , with the application of traffic , the strength of the 

pavement structure was increasing exc ept for item 4 ,  where the greater 

deflection readings were obtained after traffic . 

PERMANENT PAVEMENT DEFORMATION 

Level readings were taken prior to traffic and at various inter

vals of traffic acros s the test lane at the quarter points and center of 

each item .  These observations were made to determine the magnitude of 

pavement deformation resulting from traffic . The result s of the cross

section measurement s prior to traffic , at approximately half of the 

total coverages ,  and at failure or termination of traffic are shown in 

Figures Bl8-22 . At failure ( 3660 coverages ) ,  items 1 and 2 had approx

imately 1.-2 in� 0-f' permanent_ derormation in tpe 100 '2_ercent traffic 

area , with no upheaval at the edges of the traffic lane . About 0 . 3  in . 

of deformation was measured out side the traffic lane , which was probably 

due to consolidat ion of the entire test section .  At the termination of 

traffic ( 7820 coverages ) ,  item 3 had an average deformation of 1 . 5  in . 

and no upheaval at the edge of the traffic lane . Item 4 had an average 

deformation of 1 . 3  in . at failure ( 1380 coverages ) .  A slight amount of 

upheaval ( 0 . 4  in . ) occurred at the south edge of the traffic lane at 

station 1+30 . Item 5 had 2 . 3  in . of deformation at failure 
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( 2500 coverages ) ;  2 in . of this deformation occurred between the begin

ning of traffic and 1380 coverages . A very slight amount of  upheaval 

was measured along the south edge of the traffic lane . As is  shown by 
I 

the cross-sect ion measurements ,  permanent deformat ion in item 5 ,  which 

was of conventional construct ion , was approximately 1 in . greater at a 

lower coverage level ( 2500 coverages )  than the deformat ion in the sta

bilized items l ,  2 ,  and 3 .  Deformation in item 4 was le ss than that 

in item 5 ( 0 . 7  and 2 . 3  in . , respectively ) at the time of base course 

shear failure in item 4 .  

FAILURE INVESTIGATIONS 

After failure of an item,  trenches were cut acros s  the traffic 

lane into untrafficked areas to determine the extent of di stortion of 

the various elements of each pavement structure . In-place CBR tests  

were conducted and water content and density determinations were made at 

selected intervals of depth in each layer of the pavement structure . 

Test s were performed both inside and outside the traffic lane to compare 

the effect s of traffic on each layer . Profiles of the investigat ion 

trenches for �ach item in lane 1 are shown in Figures B23-27 , and the 

CBR test results , moisture and density determinations , and other perti

nent data for all test items are presented in Table 14 of the main text . 

The layer thicknesses shown in the profiles of test trenches were de

termined from level rod readings taken as each layer was removed . The 

as-constructed surfaces were determined from rod and level readings 

taken when construction of the layer was completed.  No level readings 

were taken after construct ion of the subgrade was completed , but the 

subgrade was graded to grade stakes set to the design elevation.  In 

items 1 and 5 ,  the bottom of the asphaltic  concrete was covered with a 

layer of crushed limestone , which made the surface of the base course 

irregular . 

Item 1 .  The profile of the test trench in item l ( Figure B23 ) 

shows that deformation at the surfac e of the pavement and deformat ion 

of the surface of the stabilized lean clay subbase were identical ;  
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therefore , the deformation that occurred during traffic occurred in the 

subbase material or lower . The small amount of deformation that occurred 

in the surface of the subgrade was fairly uniform over the entire length 

of the test trench, which indicates that it probably occurred during 

compaction of the stabilized lean clay subbase .  In-place density deter

minat ions
. 
in the limestone base course and stabilized subbase showed an 

increase in density inside the traffic lane when compared with that 

outside the traffic lane . Subgrade densities were about the same inside 

and outside the traffic lane . 

Item 2 .  The profile of the test trench in it em 2 (Figure B24 ) 

shows that deformat ions on the surface of the pavement and on the sur

face of the stabilized lean clay base course were approximat ely the 

same . The surface of the subgrade was approximately 0 . 6  in . lower than 
the design surfac e but was fairly uniform across the entire test trench , 

which indicates that the deformation in the subgrade occurred .during 

compact ion of the stabilized base . The profiles of these layers indi

cate that most of the deformation occurred in the cement-stabilized lean 

clay base course . Densities det ermined at the surface of the base 

course inside the traffic lane were less than those outside the traffic 

lane , but the density determinations made after traffic inside the 

traffic lane were about 5 percent of laboratory density greater than 

density determinations made during construction . Therefore , some den

sification of the stabilized materials occurred during traffic . 

Item 3 .  The profile of the test trench in item 3 is shown in 

Figure B25 .  The surface of the asphalt ic concrete and the surface of 

the stabilized base course had approximately the same amount of def or

mat ion ; therefore , deformation occurred either in the base course or the 

subgrade . The profile of the subgrade was not taken after traffic , so 

it was impossible to determine exactly where the deformation occurred . 

Density determinations were not made in the base course because the 

material was too hard to accurately test . 

Item 4 .  The profile of the test trench in item 4 is shown in 

Figure B26 . About 1 . 0  in . of deformation occurred at the center of the 
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traffic lane , and about o . 4  in . of upheaval occurred at the edge of the 

traffic lane . The profile indicates that deformation occurred in both 

the base course and the heavy clay subgrade , but both appeared to have 

been constructed about 1 in . above the design elevation . In-place CBR 

tests at the surface of the base course and at 12 in . below the surface 

showed lower . CBR values ins ide the traffic lane than out side ( Table 14 

of the main text ) . This indicates that failure occurred when the base 

course sheared under traffic . In-place density ins ide the traffic lane 

was less at the surface of the base than that out side the traffic lane 

but was slightly greater at 12 in . below the surface inside the traffic 

lane . The lower density inside the traffic lane at the surface of the 

base course also indicates a shear failure in the base course . 

Item 5 .  The profile of the test trench in item 5 is shown in 

Figure B27 . Deformat ion of the pavement surface at the center of the 

traffic lane was 2 . 0  in . ; at the surface of the base and subbase courses , 

the indicated deformation was 2 . 4  and 1 . 8  in. , respect ively . The 

greater indicated deformation at the surface of the base course was 

c aused by difficulty in det ermining the exact thickness of pavement due 

to the prime coat on the base course having penetrated the limestone and 

some of the limestone base being removed with the asphaltic  concrete .  

The distortion i n  the surface o f  the subgrade appeared t o  have been 

caused by the rolling of the subbase during construction of the test 

section .  Density determinations taken after completion of traffic 

( Table 14 of the main text ) indicate  that the density in the base course 

increased by about 2 percent during trafficking . The subbase shows an 

-aver..age --density _incr_ease _of L 8 percent in the traffic lane . The pro

file data and density determinat ions indicate  that the maj ority of the 

deformation occurred due to densification of the subbase material during 

traffic . 

240-KIP LOAD , LANE 2 

ITEM 1 

A general view of item 1 prior to traffic is  shown in Figure B28 . 
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Hairline cracking was first noted at the west end of the it em at 320 

coverages .  Cracking progressed with traffic , and , at 600 coverages , 

severe cracks penetrated the full depth of the pavement . The condition 

of the pavement at failure ( 600 coverages ) is shown in Figure B29 . 

ITEM 2 

A general view of item 2 prior to traffic is shown in Figure B30 . 

Cracking was first noted at about 120 coverages and continued with the 

application of traffic . At 320 coverages , cracks had developed through 

the full depth of the asphalt ic concrete , and the item was considered 

failed . ( Figure B31 ) • 

ITEM 3 

A general view of it em 3 prior to traffic is shown in Figure B32 . 

Prior to traffic , a few transverse shrinkage cracks were noted , but the 

cracks were not considered to be structurally detrimental to the pave

ment . Cracking of the aspaltic concrete was never severe in item 3 ,  but 

the item was considered failed at 620 coverages due to excessive de

format ion and upheaval , which will be · discus sed later in this appendix . 

The condition of the pavement at failure ( 620 coverages ) is shown in 

Figure B33 .  

ITEM 4 

A general view of item 4 prior to traffic is shown in Figure B34 . 

A few transverse hairline cracks were noted in
-

it em 4 at 40 coverages .  

At 120 coverages , severe cracking penetrated the full depth of the pave

ment . The condition or· the pavement- at- failure- (-120 - coverages ) - is.� shown_ 

in Figure B35 . 

ITEM 5 

A general view of item 5 prior to traffic is shown in Figure B36 . 

Slight cracking was not�d at 40 coverages ,  and at 340 coverages ,  the 

cracks penetrated the full depth of the asphaltic concrete and the item 

was considered failed ( Figure B37 ) .  
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PAVEMENT DEFLECTION 

The procedure described for lane 1 was also followed to obtain 

deflection measurements in this lane . Plots of deflect ions taken prior 

to traffic , about halfway to failure , and at failure are shown in Fig

ures B38-40 . These plots show that in all items the amount of deflec

t ion increased with the application of traffic � Deflections in items 

1-3 were approximately the same before traffic ( 0 . 25 ,  0 . 24 ,  and 0 . 21 in . , 

respectively ) . At 320 coverages ,  the deflections in it ems 1-3 had in

creased to o . 47 ,  0 . 44 ,  and 0 . 38 in . , respectively. Item 2 was consid

ered failed at 400 coverages , but deflect ion readings were not taken . 

Item 1 had a deflection of 0 . 60 in. at failure ( 600 coverages ) ,  and 

item 3 had a deflection of 0 . 48 in . at failure ( 620 coverages ) . Item 4 

had a maximum deflect ion of 0 . 38 in . before traffic which increased to 

0 . 43 in . at 40 coverages .  A base course shear failure developed in the 

item, and the deflect ion increased to 0 . 90 in . at failure ( 120 coverages ) .  

Item 5 had a deflection of 0 . 30 in . before traffic which increased to 

0 . 39 in . at 120 coverages .  At failure ( 340  coverages ) ,  a deflection of 

o . 40 in . was recorded . 

PERMANENT PAVEMENT DEFORMATION 

Rod and level readings were taken prior to traffic and at inter

vals of traffic across the test lane at the quarter point s and center of 

each item . These observation were made to determine the magnitude of 

pavement deformation result ing from traffic � The result s of the cross

sect ion measurements prior to traffic , about halfway to failure , and at 

failure are shown in Figure s B41-45 .  

Item l .  As can be seen in the cross sections in Figure B41 , the 

permanent deformat ion for item l ranged from about 3 . 2  in . at the west

ern quarter point ( station 0+10 ) to 1 . 1  in . at the eastern quarter point 

( station o+30 ) .  At station 0+10 , an upheaval at the edge of the traffic 

lane of about 1 . 0  in . was recorded , but only 0 . 2  in . of upheaval was 

recorded at station 0+30 . 
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Item 2 .  Cross sections for item 2 are shown in Figure B42 for O ,  

120 , and 320 coverages .  The item was not considered failed until 

400 coverages , but cross sect ions were not ta.ken at that time . At 

320 coverages ,  the maximum permanent deformat ion ranged from 0 . 7  in . at 

the western quarter point ( stat ion 0+50 ) to 1 . 4  in . at the eastern 

quarter point ( stat ion 0+70 ) .  At the edge of the test sect ion , which 

was approximately 4 ft north of the edge of the traffic lane , an up

heaval of about 0 . 2  in . was measured at station 0+50 and increased to 

1 . 4  in . at station 0+70 . 

Item 3 .  Cross sections for item 3 in Figure B43 show that the 

maximum permanent deformat ions at the time of failure ( 620 coverages ) 
were 2 . 5  in . at the western quarter point ( station 0+90 ) ,  2 . 5 in . at the 

center , and 1 . 9  in . at the eastern quarter point ( station 1+10 ) .  Up

heaval at the north edge of the item ranged from 2 . 3 in . at station 0+90 

to 0 . 3  in . at station 1+10 . 

Item 4 .  A cross section was not ta.ken at failure at the eastern 

quarter point ( station 1+50 ) of item 4 (Figure B44 ) bec ause landing mat 

had been placed over the area in order to traffic over an isolated 

failed area near the transition between items 4 and 5 .  Permanent de

formations at failure ( 120 coverages ) at the western quarter point and 

at the c enter of the item were 1 . 7  and 1 . 6  in . , respect ively. Upheaval 

at the north edge of the item was approximately 0 . 2  in . at both locations . 

Item 5 .  Permanent deformat ions at faiiure ( 340 coverages ) in 

item 5 ( Figure B45 ) were 2 . 1  in . at · station 1+70 , 2 . 4  in . at stat ion 

1 +80, and l .  7 in-. at s-ta-t ion- 1+90-. Upheav.al- at-. the.. nut.side_ edge_ o.f_ the_ 

traffic lane was greater on the north side of the traffic lane than on 

the south side . Upheaval at the north side ranged from 0 . 9  in . at 

station 1+70 to 0 . 6  in . at station 1+80 . It can be seen from the re

sult s of the cros s-section measurement s that deformations in it em 5 ,  the 

convent ional construction item , were as great as in any of the stabi

lized items except item 4 and that it em 5 failed at a lower coverage 

level than items 1 ,  2 ,  and 3 .  
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FAILURE INVESTIGATIONS 

Profiles of the trenches for the items in lane 2 are sho'Wil. in 

Figures B46-5 0 .  CBR test results , density and moisture content determi

nations , and other pertinent data for all test _items are presented in 

Table 14 of the main text . Precise thickness determinations of the 

asphaltic concrete in items 1 and 5 were difficult to obtain because the 

asphalt prime coat used on the limestone base course penetrated the 

limestone and caused it to  bond to the asphaltic concrete . Also , when 

the asphaltic concrete  was removed from the test trench , some limestone 

adhered to the bottom surface of the pavement and was removed with it . 

It em 1 .  The profile of the test trench in item 1 (Figure B46 )  

shows that deformat ion occurred in the heavy clay subgrade . The CBR 

values obtained at the surface of the limestone base were about the same 

after traffic as the values o�tained during construction . In-place 

tests performed on the surface of the cement-stabilized lean clay sub

base showed higher CBR values after traffic than before traffic .  CBR 

values obtained in the subgrade increased from a value of approximately 

4 to about 5 from the t ime of construct ion to  after-traffic testing . 

Water contents were approximately the same after traffic as before . 

Item 2 .  The profile for the test trench in item 2 sho'Wil. in 

Figure B47 indicates that some deformation occurred in the subgrade and 

that lateral displacement of the subgrade caused upheaval of the pave

ment surface outside the traffic lane . In-place CBR and density values 

obtained after traffic were higher at the surface of the stabili zed 

base , both ins ide and outside the traffic lane , than similar values 

obtained during construct ion . 

Item 3 .  The profile of the test trench i n  item 3 (Figure B48 ) 

shows that the deformation in the pavement surface was reflected into 

the heavy clay subgrade and that lateral displacement of the subgrade 

c aused upheaval of the pavement out side the traffic lane . In-place CBR 

and density determinations on the surface of the stabilized base course 

were approximately the same before and after traffic .  Subgrade CBR 
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values were slightly lower at the surface of the subgrade after traffic 

than during construct ion , and the water content was about 2 percent 

higher after traffic . 

Item 4 .  The profile of the test trench in item 4 (Figure B49 )  

shows that most o f  the deformat ion that occurred in the traffic lane 

occurred in the subgrade material .  Approximately 0 . 2  in . of upheaval 

occurred at the edge of the traffic lane in the pavement and base . CBR 

and density determinations at the surface of the stabilized clayey sand 

were the same before and after traffic . Approximately 15 in . below the 

surface of the pavement , the CBR obtained inside the traffic lane was 26 

as compared with values of 112 outside the traffic lane and 93 obtained 

during construct ion . This indicates that a shear failure occurred in 

the lower half of the cement-stabilized clayey sand . CBR and density 

values were slightly higher in the subgrade after traffic than during 

construction , and the wat er content was about 1 percent lower . 

Item 5 .  The profile of the test trench in item 5 is shown in 

Figure B50 .  A comparison of the as-construct ed elevations with the 

after-traffic elevations shows that very little ( 0 . 2  in . ) deformation 

occurred in the subgrade and that most of the deformation occurred in 

the gravelly sand subbase material . A comparison of the elevations also 

shows that gravelly sand material displaced laterally and caused up

heaval in the limestone base c ourse and pavement outside the traffic 

lane . Values for in-place CBR and density determinations in Table 14 of 

the main text show that the CBR of the base course increased during 

traffic from 104 to 133 and that the density increased by about l .per

c ent of laboratory dens ity inside the traffic lane . The CBR value of 

the subbase decreased during traffic from 46 to 24 , and the density 

remained about the same . Thi s decrease in the CBR value indicates that 

the subbase developed a shear failure , which resulted in some lateral 

displacement and upheaval . The CBR value of the subgrade remained about 

the same after traffic as before traffic , and the density increased by 
about 1 percent of laboratory density. 
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50-KIP SINGLE-WHEEL LOAD , LANE 3 

SUBITEM 4a 

A general view of subitem 4a prior to traffic  is shown in Fig

ure B51 . At 8 0  coverages ,  severe cracking h�d developed at the west end 

of the subitem (Figure B52 ) . At 170 coverages ,  cracks penetrat ed the 

full depth of the pavement over the entire subitem ,  so it was considered 

failed . Traffic was continued on the subitem to 240 coverages .  

SUBITEM 4b 

A general view of subitem 4b prior to traffic is shown in Fig

ure B53 . Longitudinal hairline cracks were noted in the subitem at 

80 coverages . At 170 coverages ,  cracks penetrated the full depth of the 

pavement , and the subitem was considered failed . Figure B54 shows the 

condition of the pavement at failure ( 170 coverages ) .  Traffic was 

continued on the item to 240 coverages .  

SUBITEM 4c 

A general view of subitem 4c prior to traffic is shown in Fig

ure B55 . At 170 coverages ,  minor . longitudinal hairline cracks were 

observed . At 240 coverages ,  cracks penetrated the full depth of the 

asphaltic concret e , and the item was considered failed. The condition 

of the pavement at failure i s  shown in Figure B56 . 

SUBITEM 4d 

A general view of subitem 4d prior to traffic is shown in Fig

ure B57 . Prior to traffic , a crack developed around the perimeter of 

the subitem at the edge of the lightweight concrete base course , but no 

cracks were observed within the perimeter . At 170 coverages ,  moderate 

surface cracking developed near the east end , and longitudinal cracks 

developed along the entire length of the subitem (Figure B58 ) .  At 

240 coverages ,  severe cracking had developed over the entire subitem, 

and the subitem was considered failed. The condition of the subitem at 

failure is  shown in Figure B59 . 
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SUBITEM 5a 

A general view of subitem 5a prior to traffic is  shown in Fig

ure B60 . At 170 coverages ,  moderate cracking had occurred at the west 

end of the subitem, and a· longitudinal crack had developed in the traffic 

lane near the south edge . An observation pit was opened at the east end 

of the subitem,  and cracks were noted in the lightweight concrete sub

base course that coincided with cracks in the asphalt ic concrete sur

face . At 240 coverages , cracks were severe (Figure B61 ) , and the sub

item was considered failed.  

SUBITEM 5b 

A general view of subitem 5b prior to traffic is shown in Fig� 
ure B62 . At 240 coverages ,  only minor hairline cracks were observed in 

the pavement surface ,  but the pavement was considered failed due to 

pavement deformation that will be discussed later . The condition of 

the pavement at 240 coverages i
.
s shown in Figure B63 . 

SUBITEM 5c 

A general view of subitem 5c prior to traffic is shown in Fig

ure B64 . At 130 coverages ,  numerous cracks were observed in the pave

ment surface that did not appear to penetrate the full depth of the 

asphaltic concrete .  At 240 coverages ,  the cracks had penetrated the 

full depth of the asphaltic concrete surfac e ,  and the item was consid

ered failed . The condition of the pavement at failure is  shown in 

Figure B65 . 

SUBITEM 5d 

A general view of subitem 5d prior to traffic is shown in Figure 

B66 . At 130 coverages ,  cracks were observed in the pavement surface 

that did not appear to penetrate the full depth of the asphaltic con

crete . At 240 coverages ,  the cracks had penetrated the full depth of 

the asphaltic concrete surface ,  and the item was considered failed . The 

condition of the pavement at failure is shown in Figure B67 . 
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PAVEMENT DEFLECTION 

The procedure described previously was followed to obtain deflec

tion measurement s ,  exc ept that the measu.tements were taken under the 

single-wheel assembly load instead of the twin-tandem multiple-wheel 

assembly load . Plots of deflections taken prior to traffic and at 

170 coverages are shown in Figures B68-71 . These plots indicate that , 

except for subitem 4d , the deflections obtained on the subitems that 

incorporated the lightweight concrete material were le ss than the de

flections obtained on subitems that incorporated the polystyrene panels ,  

both before and after traffic .  In subitem 4d , the deflection at 

170 coverages was about the same as that in subitems that incorporated 

the polystyrene panels .  

PERMANENT PAVEMENT DEFORMATION 

Rod and level readings were taken prior to traffic and at inter

vals during traffic at the center and each end of the subitem.  These 

observations were made to determine the magnitude of pavement deforma

tion resulting from traffic . The results of the cross-section measure

ment s prior to traffic , at 170 coverages , and at 240 coverages taken at 

the center of each subitem are shown in Figures B72 and B73 .  Upheaval 

was noted at the edge of the traffic lane in all subitems as indicated 

in the plots . Only very minor upheaval , about 0 . 2  in . , was recorded in 

subitems 5a-d . 

FAILURE INVESTIGATIONS 

After all items in lane 3 had failed , trenches were excavated 

-a-cross -the traffi-c -Jane --fnt-o -untraf'fi:cked areas . In-place CBR tests 

were conducted and water content and density determinations were made 

inside and outside the traffic lane in test trenches in subitems 4a , 4c , 

5a,  and 5c . In-place water content was measured on the surface of the 

stabilized base course in subitem 4b . In-place tests were performed at 

selected intervals of depth in each of the pavement structures . Obser

vation trenches were excavated in subitems 4d, 5b , and 5c for vi sual 

inspection of performance of the insulat ing materials used in each 
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subitem.  Profiles of the investigation trenches are shown in Figures 

B74-77 , and the CBR test results and moisture content and density de

terminations are shown in Table 14 of the main text . 

Subitem 4a . The result s of CBR tests at the surface of the 

stabilized base course in subitem 4a showed a CBR of 67 inside the 

traffic lane and 114 outside the traffic lane . The density of the base 

course was higher out side the traffic lane than inside . The base course 

material above the polystyrene appeared to have sheared during traffic , 

causing the lower CBR and dens ity values .  Below the polystyrene , the 

indicated density was still lower . inside the traffic lane than outside , 

but the CBR value obtained ins ide the traffic lane was 56 and out side 

the traffic lane was 22 . Subgrade CBR values in the top 12 in . inside 

the traffic lane averaged 2 . 8  and outside the traffic lane averaged 3 . 7 .  

The polystyrene panels in subitem 4a were laid transverse to traffic , 

and cracks had developed the full depth of the panels inside the traffic 

lane as shown in Figure B78 . 

Subitem 4b . The condit ion of the surface of the polystyrene in

side the traffic lane in the observation trench in subitem 4b is shown 

in Figure B79 . The polystyrene was placed transverse to the direction 

of traffic , and cracking was primarily parallel to traffic . The cracks 

occurred throughout the traffic lane . 

Subitem 4c . In subitem 4c , CBR values at the surface of the 

stabili zed base course . were lower inside the traffic lane than out side ,  

104 and 130+ , respectively . The density inside the traffic lane was 

85 . 0  percent. of laboratory: density: ,_ and_ o_utside the traffic lane it was 

88 . 3  percent of laboratory density . Under the lightweight concrete , the 

CBR values were 51 and 18 inside and out side the traffic lane , re spec

tively , but the density was les s  inside the traffic lane than out side 

( 86 . 2  and 91 . 0  perc ent of laboratory density , respectively) . CBR values 

inside the traffic lane in the subgrade averaged 5 . 1 and out side the 

traffic lane averaged 6 . 3 .  Cracks had developed parallel to traffic in 

the lightweight concrete at the edge of the traffic lane and near the 

center of the traffic lane . 



Subitem 4d . An observation test trench was opened at the east 

end of subitem 4d and the west end of subitem 5a at 170 coverages to 

observe the condition of the lightweight concrete . The cracking that 

had developed is  shown in Figure B80 .  As can be seen , the crack pattern 

in the lightweight concrete in subitem 4d to the right in the figure 

coincides with the crack pattern in the asphaltic concrete . Small 

hairline cracks had developed parallel to traffic near the edge of the 

traffic lane in the lightweight concrete in subitem 5a.  

Subitem 5a . In subitem 5a,  in-place CBR values inside and out

side the traffic lane were 63 and 53 , respect ively , with corresponding 

densities of 100 . 2  and 101 . 7  perc ent of laboratory density . In-place  

CBR values in  the gravelly sand subbase both inside and out side the 

traffic lane were 20 . The subbase showed an increase in density inside 

the traffic lane when compared with that outside the traffic lane ( 104 . 1  

and 100 . 3  percent o f  laboratory density , respectively ) . Test values 

obtained on the subgrade were approximately the same inside and outside 

the traffic lane . Hairline cracks parallel to traffic were noted in the 

surface of the lightweight concrete . These cracks corresponded to 

cracks in the asphaltic concrete surface . 

Subitem 5b . An examination of the surface of the lightweight 

concrete in subitem 5b showed one small longitudinal hairline crack near 

the center of the traffic lane . An observation trench was located at the 

center of the subitem,  and it was determined that only about 0 . 4  in . of 

permanent deformation had occurred . 

Subitem 5c . The results of in-place tests performed in the test 

trench in subitem 5c showed no significant difference for values ob

tained inside and out side the traffi c lane . Data obtained in the test 

trench are shown in Table 14 of the main text . The polystyrene in 

subi tem 5c ":Tas placed with the long dimension of the panels parallel to 

the direction of traffi c . No cracks were noted in the polystyrene 

panels , although about 1 in . of permanent deformation occurred at the 

surface of the pavement in the traffic lane . A view of the surface of 

the panels is shown in Figure B81 . 
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Subitem 5d . Figure B82 shows the surface of the polystyrene in 

subitem 5d . The panels were placed with the long dimension parallel to 

the direction of traffic . No cracks were noted in the polystyrene 

panels ,  although permanent deformation of about 1 . 2  in . occurred at the 

surface of the pavement . 

VARIATION IN CEMENT CONTENT 

During excavation of the test trenches that were cut in the 

flexible pavement for collection of past-failure test data , it was 

observed that there was noticeable layering in the chemically . treated 

soils , indicating possible nonuniformity of di stribution of the chemical 

additives . ( See Figure B83 . ) In order to properly assess this condi

tion , it was decided to undertake a special sampling program to deter

mine actual additive content for comparison with the design mix values . 

The sampling program was conducted in item 2 since the lean clay is a 

more uniformly graded material ·and . only one additive , portland cement , 

was used . The program consisted of first obtaining samples of the 

treated soils at incremental depths from the top of the base course , 

i . e . , directly underneath the asphaltic concrete surface course to the 

top of the heavy clay subgrade . Samples were obtained from the vertical 

walls of the observation trenches at five locations in the item ( see 

Figure B84 . ) At each sampling sit e ,  specimens were obtained in succes

sive increments in thicknesses of about 1 to 3 in . each for the full 

depth of the stabilized base layer . The procedure for determining the 

cement content of each spec imen consisted first of determining the 

calcium oxide (Cao)· content or· the treated· s-otl·, the- raw- soi-1-, and:_ ttre

portland cement used in construction of the test item . By calculating 

the relative CaO content in the specimen , the cement content was then 

determined and expressed as a percent of the dry soil weight . Result s 

of this sampling program are presented in Table Bl . For each sampling 

location , the applicable depths of each specimen below the subgrade 

along with computed cement content s are indicated . From this data, it 

can be seen that there was considerable variation in cement content both 
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horizontally and vertically. These data are also presented in bar graph 

form in Figure B85 .  
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Figure Bl. Item 1 ,  lane 1 ,  flexible pavement t e st section , 
prior to traffic 

Figure B2 . Cracking in western quarter of item 1 ,  lane 1 ,  
flexible pavement t e st s e ction , at 2 500 coverages of 200-kip 
twin-tandem as s embly 
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Figure B3 . Cracking in eastern three-fourths of item 1 ,  lane 1 �  flexible 

pavement test s ection ,  at 3660 c overage s of 200-kip twin-tandem assembly 

Figure B4 . Item 2 ,  lane 1 ,  flexible pavement t est section , prior to traffi c 
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Figure B5 . Cracking at instrumentation grid in item 2 ,  lane 1 ,  flexible 
pavement te st s e ction , at 2500 coverages of 200-kip twin-tandem a s s embly 

Figure B6 . Item 2 ,  lane 1 ,  flexible pavement t e st s ection , 
at 3660 coverages of 200-kip twin-tandem assembly 
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Figure B7 . Item 3 ,  lane 1 ,  flexible pavement t e st s e ction � prior to 
traffic 

Ji'i gure B8 . Item 3 ,  lane l ,  flexi.ble pavement t est s e ction � when traffi c 
was terminated after 7820 coverages of 200-kip twin-tandem a s sembly 

192 



Figure B9 . Item 4 ,  lane l ,  flexible pavement t e st s e ction , 
prior to traffic 

Figure BlO .  Cracking in item 4 ,  lane l ,  flexible pav�ent t e st 
s e ction , after 1200 coverages of 200-kip twin-tandem assembly 
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Figure BIL Item 4 ,  lane 1 ,  flexible pavement t e st section , 
at 1380 coverages of 200-kip twin-tandem assembly 

Figure Bl2 . 
traffi c 

Item 5 ,  lane 1 ,  flexible pavement test section prior to 
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Figure B13 . Cracking in item 5 ,  lane 1 ,  flexible pavement test 
section , after 1200 coverages of 200-kip twin-tandem a s s embly 

Fi gure Bl4 . Item 5 �  lane 1 ,  flexible pavement t e st section , 
at 2 5 00 c overages of 2 00-kip twin-tandem assembly 
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Figure B25 . Te st pit profile of  item 3 ,  
lane 1 ,  flexible pavement test section . 
Station 1+04 after 7820 coverages of 
200-kip twin-tandem assembly 
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Figure B26 . Test pit profile of  item 4 ,  
lane 1 ,  flexible pavement test section . 
Station 1+27 after 1380 coverages of 
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Figure B27 . Test pit profile of item 5 ,  
lane 1 ,  flexible pavement test section . 
Station 1+89 after 2500 coverages of 
200-kip twin-tandem assembly 
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Figure B28 . Item l ,  lane 2 ,  flexible pavement t e st s ection 
prior to traffic 

Ji'i gure B29 . Cracking and deformation in item 1 ,  lane 2 ,  flexible pavement 
t e st s e ction , after 600 coverages of 240-kip twin-tandem as sembly 
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Figure B30 . Item 2 ,  lane 2 ,  flexible pavement t e st section , 
prior to traffic 

Figure B31 . Item 2 �  lane 2 �  flexible pavement t e st s e ct i on , a�er 
320 c overages of 240-kip twin-tandem a s s embly 
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Figure B32 . Item 3 ,  lane 2 ,  flexible pavement test s ection , 
prior to traffic 

Figure B33 . Deformation in item 3 , lane 2 ,  flexible :pavement test 
section , at :failure after 620 coverages of 240-kip twin-tandem ass embly 
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Figure B3li.. Item 4 ,  lane 2 ,  flexible pavement test section , 
prior to traffic 

Figure B35 . Cracking and deformation in item 4 ,  lane 2 ,  flexible pavement 
test sect ion , at failure after 120 coverages of 240-kip twin-tandem assembly 
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Figure'· B:36 :"' Item .'5 , lane 2 ,  f'lexible pavement t e st s ection , 
� . . 14· 

prior to trt;i.ffic,,"*-

Figure B37 . Cracking and deformation in item 5 ,  lane 2 ,  flexible pavement 
test se ction ,.  at :failure after 340 coverages of 240-kip twin-tandem ass embly 
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Figure B46 . Test pit profile of item 1 ,  
lane 2 ,  flexible pavement test section . 
Station 0+28 after 600 coverages of 
240-kip twin-tandem assembly 
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Figure B47 . Test pit profile of item 2 ,  
lane 2 ,  flexible pavement test section . 
Station 0+56 after 320 coverages of 
240-kip twin-tandem assembly 
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Figure B48 . Test pit profile o f  item 3 ,  
lane 2 ,  flexible pavement test section . 
Station 1+0 5 after 620 coverages of 
240-kip twin-tandem assembly 
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Figure B49 .  Test pit profile of item 4 ,  
lane 2 ,  flexible pavement test section . 
Station 1+51 after 120 coverages of 
240-kip twin-tandem ass embly 
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Station 1+88 after 340 coverages of 
240-kip twin-tandem assembly 
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Fi gure B51 . Subitem 4a ,  lane 3 ,  flexible pavement t e st section � 
:prior to traffic 

Fi gure B52 . Cracking i n  subitem 4a ,  lane 3 ,  flexible pavement t est 
s e ction , after 80 coverage s of 5 0-kip s i ngle-whee l  as sembly 
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Figure B53. Subitem 4'b , lane 3 ,  flexible pavement test section , 
prior to tra:f'fic 

Figure B54 . Cracking and deformation i n  subitem 4b 5 lane 3 �  
flexible pavement test s ect ion , at failure after 170 coverage s 
of 50-kip s i ngle-wheel a s s embly 
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Fi gure B5 5 .  Subitem 4c , lane 3 ,  flexible pavement t e st section , 

prior to traffi c 

Fifiure B56 . Crack�ng i n  subitem 4c , lane 3 ,  flexible pavement test 
section , at failU!'e �fter 240 coverages of 50-kip single-wheel as sembly 
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Figure B5T. Subitem 4d , lane 3 ,  flexible pavement t e st section , 
prior to traffic 

Figure B58 . 
s e ct i on , at 

Cracking in subitem 4d, lane 3 ,  flexible pavement 
170 coverages of 50-kip s i ngle-wheel assembly 
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Figure B59 . Cracking in subitem 4d , l ane 3 ,  flexible pavement t e st 

failure after 240 coverages of 50-kip single-wheel 

Figure B60 . Subitem 5a , lane 3 ,  flexible pavement t e st 

section , prior to traffi c 
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Figure B61 . Cracking in subitem 5 a ,  lane 3 ,  flexible pavement t e st 
section , at failure after 2.40 coverage s  of 50-kip single-wheel assembly 

Figure B62 . Subitem 5b , lane 3 , flexible pavement t est 
sect ion , prior to traffi c 
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Figure B63 . Subitem 5b , lane 3 t  flexible pavement t e st section, at 
failure after 240 coverage s of 50-kip single-wheel assembly 

Figure B64 . Subitem 5 c , lane 3 ,  flexible pavement t e st s ection , 
prior to traffic 
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Figure B6 5 .  Cracking in subitem 5 c , lane 3 ,  flexible pavement t e st 
section , at failure after 240 coverages of 5 0-kip single-wheel assembly 

Figure B66 . Subitem 5 d ,  lane 3 ,  flexible pavement t est section , 
prior t o  traffi c 

234 



Figare- B61 . Cra�king in- subitem 54 lane_ 3� flexible :pavement t e st 
section , at failure after 240 coverages 
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in subitems 4c and d ,  lane 3 ,  flexible pavement test section 
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Figure B72 . Surface deformation in 
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Figure B73 .  Surface deformation in subitems 5a-d , 
lane 3 ,  flexible pavement test section 
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Figure B74 . Test pit profile of subitem 4a , 
lane 3 ,  flexible pavement test section . 
Station 1+25 after 240 coverages of 5 0-kip 
single-wheel as sembly 
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Figure B75 .  Test pit profile of 
subitem 5c , lane 3 , flexible pave
ment test section . Station 1+85 
after 240 coverages of 50-kip 
single-wheel assembly 
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Figure B76 . Te st pit profile of 
subitem 4c , lane 3 , flexible pave
ment test section . Station 1+45 
after 240 coverages of 50-kip 
single-wheel assembly 
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Fi gure B78 . Cracks in polystyrene panels i n  

subitem 4a , lane 3 ,  f'lexible pavement test 
sect ion , after traffic 
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Figure B79 . Cracks in polystyrene panels in subitem 4b , lane 3 ,  
flexible pavement test s e ction , after traffic 

Fi gure B80 .  Cracks in l ightweight c oncret e  i n  subitems 4 d  an d  5 a , lane 3 ,  
flexible pavement test section , after 170 coverages of 5 0-kip load 

24.7 



Figure B81. Surface of polystyrene panel s  in subitem 5c , lane 3 , 
flexible pavement test s ect ion , after traffic 

Figure B82 . Surfac e  of polystyrene panels in subitem 5 d ,  lane 3 ,  
f�exible pavement t e st s e ct ion � after traffi c  
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Figure B83 . Vertical wall of' test pit where samples 
were obtained to determine cement content of 
cement-stabilized soil layer ( see- Fi�e B84-) 
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Table Bl 

Swmn�r� of Cement Content Data for Item 2 of the Flexible Pavement Test Section 

Sample 2, Station o+55 . 8  
Sample 1 ,  Station o+54 . 4  3 ft North or South Edge 

South Edge of Lane 1 · Of Lane 1 
Cement Cement 

Depth Content Deptl1 Content 
in . 12ercent �- 12ercent 

0-3 . 5 AC* 0-3 ;. o AC 

3 . 5-5 . 5  4 . 6  3 . 0-6:. 0  0 . 1  

5 . 5-7 . 0  7 . 8  6 . 0-7 ;, 5  0. 1 

7 . 0-9 . 0  22 . 4  7. 5-9 :. o  0 . 2  

9 . 0-10 . 0  9 . 7  9 . 0-12 . o  5 . 7  

10. 0-11 . 0  1 4 . 3 12. 0-ll� . 5  7 . 8  

ll . 0-14 . o  16. 1 14 . 5-15 . 5  0 . 2  

14 . 0-16 . 0  3 . 2  15 . 5-18 . 5  3 . 4  

16. 0-18 . 5  6. 8 . 18. 5-2i . O  3. 5 

18. 5-20 . 0  6 . 2  21 . 0-2'.3 . 5  6 . 5  

20 . 0-21 . 5  7 . 3  23. 5-2(, . 0  55 . 6  

21 . 5-24 . 0  13 . 0  26. 0-2'7 . 5 9 . 5  

24 . 0-26 . 0  13 . 4  27 . 5-30 . 5 0 . 1  

26 . 0-28 . 0  13 . 0  

28 . 0-29 . 0  1 . 5  

• Denotes asphalt ic concrete surfac ing . 

Sample 3, Station 0+58 
11 . 4  ft South of North Edge 

of Item 
Cement 

Depth Content 
i n .  12ercent 

0-3 . 0 AC 

3 . 0-6 . 5  10 . 6  

6 . 5-8 . 0  1 . 8  

8 . 0-10 .0 8 . 9  

1 0 . 0-13 . 5  12 . 0  

1 3 . 5-16 .0 0 . 3  

16 . 0-19 . 5  7 . 2  

19 . 5-21 . 5  7 . 5  

21 . 5-24 . 5  9 . 2  

24 . 5-26 . 5  11 . 1  

26 . 5-30 . 0  11 . 9  

30 . 0-30 .75 0 . 9  

Sample 4, Station 0+58 
8 . 7  ft South or North Edge 

of Item 

Depth 
in . 

0-3. 0  

3 . 0-6 . 75 

6 . 75-8 . 0  

8 . 0-9 . 5  

9 . 5-13 . 5  

13. 5-16. 75 

16 . 75-18 . 75 

18. 75-21 . 0 

2i . o-24 . o  

24 . 0-25 . 5  

25 . 5-29 . 0  

29 . 0-30. 0  

Cement 
Content 
12ercent 

AC 

12. 2  

<0.1  

13 . 9  

14 . 4  

<0.1 

13 . 4  

17 . 5  

8 . 6  

8 . 9  

13 . 6  

0 . 3  

Sample 5 ,  Stat ion o+58 
6 . 5 ft South of North Edge 

of Item 
Cement 

Depth Content 
i n .  ;Eercent 

0-3 . 5 AC 

3 . 5-1 . 0  J,3 .1 

7 . 0-8 . 0  2 . 0 

8 . 0-10 . 0  12 . 0  

l0. 0-13 . 5  15 . 3  

13. 5-15 . 7  o . 4  

15 . 7-20 . 2  5 . 7 

20 . 2-22 . 0  9 . 8  

22 . 0-22 . 8  2 . 0  

22 . 8-26. 0  13 . 1  

26 . 0-28 . 5  19 . 7  

28 . 5-29 . 5  0 . 3  
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