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Field Performance of 
Aggregate-Lime-Pozzolan Base Material 
M. C. Wang and W. P. Kilaresld, Pennsylvania Transportation Institute, Pennsylvania 

State University, University Park 

The behavior and perform111ce of pavements that contain aggregate· 
lime-poz.zolan (ALP) b8le are evaluated and compared with those of a 
pavement that contains a cru1hld-none base. Performance date collected 
include present 111rviceability index, rut dapth, and cracking. The re
spon• of the ALP pavem11nt to 80-kN [18 OOO·lbf (18-kip)) equiva· 
lent axle loadings (EAL1) is analyzed by using an elastic-layer com-
puter program. Pavem1nt respome ii related to parformance data to 
establish limiting criteria. The limiting critaria daveloped constitute 
the basis for the determination of the structural coefficient of ALP 
matlrial. Th• results of the study indicate that th• ALP matarial, in 
comparison with the crushld-stone aggrepte, provided a stiff base th1t 
considerably reduced rutting. FurthermOl'e, th• PSI value decr1ased 
much slo-r In the ALP pavement, and cracking developed much earlier 
and propagated much f81tllf in the crushed-stone pavement. No non· 
traffic-associated cracking appeared In either type of pavement. The 
limiting criteria, which were daveloped for the ALP pavement to with
stand 1 million EALs without significant surface cracking and exces· 
sive rutting, _,. a maximum pavement surface deflection of 0.28 mm 
(0.011 In), a maximum radial tensile strain at the bottom of the base 
course of 41.0 µ.m/m (0.000 041 in/in) , and a maximum compressive 
strain at the top of the subgrade of 160.0 µ.m/m (0.000 160 in/in). 
Within the range of layer thickn8UBI studied, the structural coef· 
ficienta of the ALP material were, approximately, 0.33, 0.29, and 0.25 
for surface layer thicknesses of 3.8, 6.4, and 8 .9 cm ( 1.5, 2.5, and 3.5 
in), respectively. 

There is ample evidence to indicate that lime with fly 
ash is an effective agent in stabilizing aggregate for 
pavement construction (1). The total energy required 
In the production of aggregate-lime - fly-ash (ALFA) 
mixes is very low because the mixes generally require 
a small <\mount of lime. On the other hand, tho required 
fly-ash content is considerably high, usually from three 
to five times that of the required lime content. Thus, 
the use of fly ash for stabilization can at least alleviate 
the problem of disposing of the ever-increasing quantity 
~f fly ash. These two factors have aided in the increas
ing use of ALF A material in recent years. 

In spite of the increase in the use of ALF A material 
in pavement construction, most agencies base the thick
ness and quality design of ALF A layers on empi.rical 
rules. Although it is likely that some degree of empiri
cism will always be required to account for factors that 
are not readily analyzable, improved methods of thick
ness design are needed. General steps required for the 
development of an improved design technique have been 
proposed by the Committee on structural Design of Road
ways of the American Society of Civil Engineers {ASCE) 
(2). Included in these steps are the establishment of 
failure criteria and performance studies in the field. 

A research program on the field performance of var
ious base-course materials was undertaken at the Penn
slyvania Transportation Research Facility of the Penn
sylvania State University. The base-course materials 
studied were aggregate-llme-pozzolan (fly ash), dense
graded crushed stone, aggregate cement, bituminous 
concrete, and aggregate bituminous. The performance 
of aggregate cement and bituminous concrete pavements 
is discussed in papers by Wang and Larson and by Wang 
and Kilaresld elsewhere in this Record. This paper dis 
cusses the performance of pavements that contain 
aggregate-lime-pozzolan base courses. Limiting strain 
criteria and lim.iting deflection criteria were developed 
from field performance data and data on pavement re-

sponse. The results of this study provide information 
that would be useful in the design steps identified by 
ASCE. 

AGGREGATE-LIME-POZZOLAN 
MATERIAL 

The aggregate-llme-pozzolan (ALP) base material s tud
ied was composed of 3 percent by weight of lime , 15 
percent by weight of fly ash, and 82 percent by wet.;ht 
of aggregate. The mix design was determined by 1~.e 
Bureau of Materials, Testing, and Research of tht> p,. .,n. 
sylvania Department of Transportation (PennDOT l f ' e 
aggregate was a crushed limestone. The tables ~I . ., 
summarize the gradation and the basic properties r · "P 

aggregate, lime, and fly ash (1 mm= 0.039 in): 

Sieve Size (mm) 

50 
19 
9.5 
4.75 
2.36 
1.18 
0.6 
0.3 
0.15 
0.075 
0.045 

Property 

Specific gravity 
Loss on ignition 

Percentage Passing 

Aggregate 

100 
93 
53 
28 
17 
10 
7 
4 
2 

Percentage 

Aggregate 

2.78 

Lime 

97.7 
85.4 
82.9 

Lime 

16.0 
Chemical composition 
Si02 Trace 
Fe2 0 3 2.0 
Ai 2 0 3 

CaO 47.4 
MgO 32.6 
c 1.3 

94.7 
82.7 
68.8 

Fly Ash 

2.40 

45.3 
15.6 
24.6 
4.2 
1.3 
2.4 

The chemical properties of lime and fly ash given in the 
second table are taken from the work of Cumberledge ind 
others (:!). 

TEST PAVEMENTS 

Four test pavements that contained ALP base were con
structed at the Pennsylvania Transportation Resear h 
Facility. Two were installed in the summer of 1972 . and 
the other two were constructed in the fall of 1975 (the 
construction of the base course took place from October 
22 through November 3). Each of the four pavements 
contained a 6.4-cm (2.5-in) bituminous concrete sur fa ce 
and a 20.3-cm (8-in) subbase layer. The first two pave
ments had a 20 .3-cm base; the other two pavements con 
tained a 15.2-cm (6-in) and a 10.2-cm (4-in) base, re
spectively. One of the first two pavements was in a cut, 
and the other was in a fill section. The fill section was 
replaced by the last two pavements after about 1.1 mil-
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lion applications of 80-kN [18 000-lbf (18-kip)J equiva
lent axle loads (EALs) (EAL, as us'ed in this paper, re
fers to an 80-kN load). Each of the first two pavements 
was 67.1 m (220 ft) long, and the length of each of the 
last two pavements was 30.5 m (100 ft). All pavements 
were 3.7 m (12 ft) wide. 

The ALP material was mixed in a central plant at 
Talmage, Pennsylvania. The 10.2-cm (4-in) and 15.2-
cm (6-in) ALP bases were placed in one lift, whereas 
the 20.3-cm (8-in) bases were placed in two 10.1-cm 
(4-in) compacted layers. The top of the first lift was 
scarified before placement of the second lift. Compac
tion was achieved by using a tandem-axle steel-wheel 
roller. After compaction, a bituminous seal coat was 
applied to the surface of the ALP base course. The 
moisture content and dry density were 6. 7 percent and 
2251 kg/m3 (139.6 lb/ft3

), respectively, which corre
sponds to the optimum moisture content and maximum 
dry density of the modified American Association of 
State Highway and Transportation Officials (AASHTO) 
compaction effort. 

In addition to the ALP pavements, the research fa
cility also contained one pavement with a 20.3-cm (8-in) 
dense-graded, crushed-stone base and several other 
pavements with different base materials. The crushed
stone base had a 6.4-cm (2.5-in) bituminous concrete 
surface and a 20.3-cm subbase. This pavement was used 
to provide a comparative basis for the data obtained at 
the research facility with- AASHO Road Test findings as 
well as with numerous other published findings on 
crushed-stone base courses. The design data for the 
crushed-stone base material are given below. The mate
rials used were bituminous concrete fine aggregate and 
Pennsylvania 2B aggregate at a maximum dry density of 
2327.7-kg/m3 and an optimum moisture content of 7.5 
percent. The field data represent an average of nine 
tests (1 mm= 0.039 in): 

Percentage Passing 

Sieve Size Specification 
(mm) Limits Field Data 

50 100 100 
19 52-100 85.0 
9.5 36-70 55.1 
4.75 24.50 41.2 
2.36 32.2 
1.18 10-30 21.3 
0.6 14.8 
0.3 10.9 
0.15 8.8 
0.075 0-10 

The crushed-stone pavement was overlaid with 6.4 cm 
(2. 5 in) of bituminous concrete after approximately 
940 000 EAL applications. 

The subgrade soil at the research facility was pre
dominantly soil classification A-7. The first two ALP 
pavements (constructed in 1972) were subjected to traffic 
approximately two months after completion of the base
course construction. For the last two ALP and crushed
stone pavements (constructed in 1975), traffic was 
started about one month after the base course was com
pleted. The traffic was initially provided by a conven
tional truck tractor that pulled a semitrailer and a full 
trailer. After about 1.5 million EALs, another full 
trailer was added to increase the rate of loading. The 
single-axle loading was within the range of 80-107 kN 
(18 000-24 000 lbf). Complete information on design, 
construction, material properties, and traffic operation 
is available elsewhere (~ ~· 
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FIELD EVALUATION 

Field testing of pavement performance was conducted 
periodically. Rut depth was measured biweekly every 
12.2 m (40 ft) in both wheel paths by using an A-frame 
that was attached to a 2.1-m (7-ft) long base channel. 
Surface cracking was surveyed and mapped biweekly. 
Surface roughness was measured in both wheel paths by 
using a MacBeth profilograph. The roughness factors 
obtained from the profilograph data were converted into 
pavement present serviceability index (PSI) by using 
Equations 1 and 2 given in the paper by Wang and Larson 
elsewhere in this Record. 

Surface deflections were determined in the wheel paths 
by using the Benkelman beam and road-rater measure
ments. Pavement temperature profile and distribution 
of subgrade moisture were measured by using thermo
couples and moisture cells. Two frost-depth indicators 
were installed at the research· facility to measure the 
depth of frost penetration. Weather data such as wind 
velocity, precipitation, and temperature were collected 
by using various meteorological gages. 

DISTRESS BEHAVIOR 

The distress behavior of the test pavements was eval
uated in terms of rutting and cracking. Figure 1 shows 
the rut-depth data for the ALP and crushed-stone pave
ments (the two short ALP pavements are not included 
since they did not cure properly because of cold weather 
during construction). The figure also shows the seasons 
in which the rut depths were measured. The two ALP 
pavements show almost the same ail}ount of rutting until 
the point at which the fill section was replaced, which 
indicates that the material properties of the two pave
ments were quite consistent. Figure 1 clearly indicates 
that the ALP pavement has mu~h greater resistance to 
rutting than the crushed-stone pavement. The rate of 
rutting seems to vary insignificantly with the seasons 
while the pavements are in structurally sound condition 
but to increase rapidly in the spring season when the 
pavements approach a state of failure. 

Figure 1 shows that the crushed-stone pavement dis
played rutting of about 25.4 mm (1.0 in) at the end of 1 
million EAL applications, whereas the ALP pavement had 
only about 3.8-mm (0.15-in) rutting. The ALP pavement 
reached a rut depth of 6 mm (0.25 in) at about 1.4 mil
lion EALs, whereas the crushed-stone pavement reached 
this rut depth at only about 0.2 million EALs. The 6-mm 
rut depth is widely used as a criterion in the design of 

Figure 1. Rut depth versus EAL for pavements with ALP and 
crushed-stone bases. 
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flexible highway pavements (6, 7). These data will be 
used later as a basis for the aetermination of the struc
tural coefficient of the ALP materiai. 

The results of a crack survey showed that there was 
no cracking in either 20.3-cm {8-in) ALP-base pavement 
at the time when the fill section was removed. A few 
hairline cracks appeared in the wheel paths in the cut 
section at approximately 1.12 million EAL applications. 
After about 2.3 million EALs, two potholes had formed 
in the ALP pavement. The first pothole developed at 
about 1.17 million EALs and the second at about 1.36 mil-

Fi;ure 2. Crack p:tt:m: ir; ALP ?a'-"Sirr&nt: April 1976. 

Figure 3. Crack patterns in ALP pavement: March 19n. 
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Figure 4. Crack patterns in ALP pavement: November 19n. 
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lion EALs. Figures 2-5 show crack patterns mapped 
at four different times to illustrate the growth of surface 
cracking in the ALP pavement. It is interesting to note 
that nearly all cracks initiated in the longitudinal direc
tion. The more numerous longitudlnal cracks along the 
left side of the pavement were probably a result of the 
installation of a skid-testing facility adjacent to the left 
edge of the pavement. The construction of the skid
testing facility could have disturbed the original support 
along the edge of the test pavement. As a result, the 
edge of the test pavement is under less confinement and 
is thus more susceptible to the fo1·mation of longitudinal 
cracking. 

Figure 6 shows crack patterns deve.loped in the 
crushed-stone pavement. Hairline cracks initiated in 
both wheel paths at approximately 56 500 EAL applica
tions. The contrast in the development of surface c rack 
patterns in the ALP and crushed-stone pavements is 
shown in Figures 2-6. In the ALP pavement , s\Jrf:i ce 
cracking initiated in some localized areas; in thP 
crushed-stone pavement, surface cracking devPl·11i ... 1 ·~ 
the wheel paths at almost the same time throu~h·-. 1 · -. 
entire pavement. One possible reason for the r11:•rr-·c~ 
could be the nonuniformity of the ALP material. • • : ~ 
is probably attributable to imperfect mixing. f1 ,, , 
attempt was made to verify this. Figures 2 -6 .1: • • • • 
that the rate of growth from class 1 to class 2 .a · ~1 , • • 

3 cracking was much faster in the crushed-star.. • - . 
ment than in the ALP pavement. Furthermore . ;, . 
parent temperature or shrinkage cracking was • '-I .. -1 

in either pavement. 
The total areas of class 2 and class 3 crack1 "" · · .. ' 

developed in both ALP and crushed':'8tone paven· .. ,.,,, "• 
shown in Figure 7. The area of cracking inc re ~""' • n 
rapidly when the pavements approached a state " t • J .. . r .. 

A rapid increase in cracking occurred in the ALP ; · ~ ·," -
ment during thlil spring of 1976, primarily becau~.. f 
the development of the second pothole. During t~ ... -; r -41 
season, the thawing of frozen material and r el a: 1 • ... :. 

heavy rainfall contributed to the formation of pot r-. • .. • 
It should be noted that, among the many test pavef'· p·•• 
at the research facility, potholes were observed · ; , 
in the ALP pavement. Possible reasons for this .• r• ... , 
to be investigated. 

PAVEMENT PERFORMANCE 

The variation of PSI with EAL applications for tr. .. ' : •' 
and crushed-stone pavements is shown in Figure • · .,. 
initial PSI values for the three pavements were a!: : ,, 

the same, approximately 3.8. The performance ~ : · •!' 
of the two ALP pavements were also nearly equa l ·r 1:1 

Figure 5. Crack patterns in ALP pavement: March 1978. 
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Figure 6. Crack patterns in crushed-stone pavement. 
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the fill section was removed. For the first million EAL 
applications, the PSI value decreased by only about 0.3. 
After that, however, the PSI value dropped at an ever
increasing rate. The data seem to show that the PSI 
dropped slightly faster in the spring-summer seasons 
than in the fall-winter seasons. According to the data, 
it required about 2 .15 million EAL applications to reach 
a PSI of 2.0. 

From the beginning, the PSI value dropped much 
faster for the crushed-stone pavement than for the ALP 
pavement, which would indicate a shorter service life 
for the crushed-stone pavement. The performance data 
also indicate that the crushed-stone pavement can only 
sustain 0. 7 million EAL applications before it reaches 
a PSI of 2 .0. This service life is much shorter than 
that of the ALP pavement. The PSI value immediately 
after overlay was only about 2.6, which is much lower 
than the PSI after initial construction. A possible rea
son for this could be that the crushed-stone pavement is 
so short-only 33 m (100 ft) long-that it is rather dif
ficult to control the thickness of overlay uniformly by 
using routine construction equipment. 

MATERIAL PROPERTIES 

The strength and fatigue properties of the ALP material 
were determined based on specimens both compacted in 
the laboratory and taken from the pavement. The 
laboratory-compacted specimens were 15.2 cm (6 in) in 
diameter and 25.4 cm (10 in) in height and were molded 
by using the modified AASHTO compaction effort to the 
same moisture content and dry density as those in the 
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Figure 8. Variation of PSI with number of EALs. 
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pavement. The compacted specimens were embedded 
in the soil at the research facility to cure under the same 
environmental conditions as the test pavement. Several 
cme samples 10.2 cm (4 in) in diameter and 20.4 cm -
(8 in) in height were taken from the test pavement after 
about 1.1 million EALs. Note that the 1.1 million EALs 
were achieved after approximately 20 months of traffic. 
Test results indicated that the laboratory-compacted 
specimens had almost the same strength properties as 
the core samples. 

Triaxial compression tests were conducted on four
week-old and one-year-old specimens under various con
fining pressures up to 0.14 MPa (20 lbf/in2

). Test re
sults indicated no significant effect of confinement on 
the compressive strength within the range of conditions 
studied. Based on the results of six tests, average com -
pressive strength and strain at failure were 17 .1 MPa 
(2480 lbf/ in2

) and 0.0142, r espectively& for one-year-
old specimens and 5.2 MPa (750 lbf/in ) and 0.010, re
spectively, for four-week-old specimens. 

The tensile strength of the test specimens was de -
termined by using the double-punch test (8). For speci
mens aged 4 weeks, 10 weeks, 1 year, and 2 years, the 
tensile strengths were 0.24, 0.39, 0.84, and 0.97 MPa 
(34, 57, 121, 140 lbf/in2

), respectively. By comparison 
with the previous values of compressive strength, the 
ratios of tensile to compressive strength are approxi -
mately 4. 5 and 4. 9 percent for 4-week-old and 1-year -
old specimens, respectively. These two ratios are close 
to the lower limit of the range of values documented 
elsewhere (9). 

The fatigue property was evaluated by using repeated -
load flexural tests on beam specimens. The beam speci
mens, which were compacted in the laboratory, had di
mensions of 8.25x8.25x45.75 cm (3.25x3.25x18 in). The 
beam specimens were simply supported at both ends and 
were subjected to repeated loading at two points within 
the span. Each loading point was located at equal dis
tance from its nearest support to ensure pure bending 
at the middle of the span. The repeated loading had a 
duration of 0.1 sand a frequency of 20 cycles/min. Test 
results gave K1 = 2. 80 x 10-4 and Kz = 2 .17 for the fol
lowing fatigue equation: 

(I) 

where N = number of load repetitions to failure and £ = 
tensile strain. 

In addition, repeated-load triaxial compression tests 
were conducted by using the same repeated loading to 
determine the modulus of resilient deformation. For 
confining pressures up to 0.21 MPa (30 lbf/in2

) and de-
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viatoric stresses up to 0.45 MPa (65 lbf/in2
), the re

silient modulus was found to be practically independent 
of confining pressure, deviatoric stress, and the number 
of load repetitions. The resilient modulus was averaged 
at 16 400 MPa (2.38 million lbf/in2

). 

PAVEMENT RESPONSE AND 
LllrUTING CRITERIA 

Pavement response was analyzed for the weather con
ditions that are most critical to pavement performance 
by using an elastic-layer computer program and the ap
propriate material properties. The computer program 
adopted was the BISAR program developed at Koninklijke 
Shell in Denmark. Material properties needed are the 
modulus of elasticity and Poisson's ratio of each pave
ment constituent material. The elastic modulus of the 
ALP material has already been given. Poisson's ratio 
is taken to be 0.15, according to previous research re
sults (11). 

Theaata on subgrade moisture indicated that the 
maximum subgrade moisture content occurred around 
the late spring and early summer. At this time of the 
year, the subgrade moisture content was approximately 
21 percent and the average pavement temperature was 
about 21°c (70°F). The elastic moduli of the bituminous 
concrete surface, crushed-limestone subbase, and sub
grade materials that correspond to these temperature 
and moisture conditions are 965.5 MPa (140 000 lbf/in2

), 

330.9 MPa (48 000 lbf/ in2
), and 68.9 MPa (10 000 lbf/ in2

), 

respectively (10). In addition, Poisson's ratio values 
are 0.40, 0.40,and 0.45, respectively, for the surface, 
subbase, and subgrade materials. The critical response 

Figure 9. Maximum comp1MSlve strain in subgrade versus 
EAL at 8·mm (0.26-inl rutting. 
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Table 1. Layer·thickneu combinations that satisfy 
limiting criteria for ALP paveman11. 

Subbaae 
Thlckneea 
(cm) 

0 

10.2 

20.3 

40.6 

Surface 
Thlckneu 
(cm) 

3.8 
6.4 
8.9 
3.8 
6.4 
8.9 
3.8 
u 
8.9 
3.8 
6.4 
8.9 

analyzed included maximum tensile strain in the surface 
and base courses, maxi.mum vertical compressive strain 
in the subgrade, and maximum deflection on the pave
ment surface. These responses were considered be
cause maximum tensile strain and maximum surface 
deflection are associated with fatigue cracking ( 11-14), 
whereas maximum vertical compressive strain is aS
sociated with rutting (6, 7, 13). 

According to the resuTtsof the response analysis, 
maximum pavement surface deflection, maximum tensile 
strain at the bottom of the base course, and ma.xlmum 
subgrade compressive strain equal 0.27 mm (0.0107 in), 
41.10 um/m (0.000 041 in/in), and 142.78 µm / m 
(0.000 143 in/in), respectively. The field data presented. 
earlier indicate that surface cracking appeared at ap
proximately 1.1 million EAL applications. Thus, it 
would be appropriate to state that, for an ALP pa \·e ment 
to withstand 1 million EALs without surface crack 1n>! , 
the maximum pavement surface deflection and maximum 
tensile strain in the base course should be no grea1 .. r 
than 0.28 mm (0.011 in) and 41.0 µm/ m (0.000 041 1" 

As mentioned before, the number of EAL r ep•' ':· : • • 
required for 6 mm (0.25 in) of rutting is about 1 4 
million (Figure 1) . The maximum subgrade com 1· r· _• 
sive strain obtained above is related to 1.4 milli " '' ' ': 
repetitions in Figure 9. Figure 9 also shows thP ' · • 
tions established for pavements with bituminous ' · · · • 
bases at the research facility (10) and relations ,. ,. • · 
lished by other researchers (6;T, 13). It is estir: ..... 1 
by extrapolation that the SUbgraQe COmpreSSiVe ~: r I!" 
at 1 million EALs equals approximately 160 um "' 
(0.000 160 in/in). These three values-maximum .. , r · 
face deflection= 0.28 mm (0.011 in),. maximum t1 · r .• 1: .. 

strain = 41.0 µm/m (0.000 041 in/in), and maxi mu:" , . ' · 
grade compressive strain= 160 µm/m (0.000 160 1" 
constitute the limiting criteria for the ALP pavenll'nr · 
withstand 1 million EAL applications. Ona millilln f ~ l 
applications was adopted because it is widely ass"' : ': ••t 
with 20-year pavement service life. 

STRUCTUF-.\L COEFFICIENT 

The structural coefficient of the ALP base material 1&·u 
evaluated by following the same approach as that pr" · 
sented before (10). For this approach, the B1SAH •' ·m -
puter program Was USed tO determine pavement S t '• ': '• 

that had various combinations of layer thickness r h .1 t 
satisfied the preceding limiting criteria. Table I , ... , · 
marizes the results of the computation. The layer · · . • · 
nessea in the first, second, and last columns of th 1" 
table provide pavement sections for the calculation r · ·., 
structural coefficient. 

The structural coefficient was computed by us in.: r hf' 

Base ThlckneH (cm) Based on 

41.10-µm/m 160.10-µm/m 
0.028-cm Tenalle CompreHlve 
Deflection strain strain Comblmd 

22.1 22.6 16.5 22.8 
21.3 19.6 15.7 21.3 
20.6 17.8 15.0 20.8 
21.3 22.4 18.8 22.4 
20.8 21.3 18.3 21.3 
20.1 20.3 17.5 20.3 
20.3 21.3 18.0 21.3 
19.6 20.3 17.5 20.S 
18.8 19.3 16.8 19.3 
17.3 19.8 14.7 19.8 
16.5 18.8 14.2 18.8 
15.5 17.5 13.5 17.5 

No11: 1 cm • 0.311 in; 1 µm/m • 0.000 001 infln. 

• 
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Figure 10. Structural coefficients of ALP and 
subbasa materials. 
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following basic equation, developed from the AASHO 
Road Test: 

p = 0.64(SN + I )9· 36 (2) 

where p = EALs at failure and SN = structural number 
which is defined as follows: ' 

(3) 

where a1, ~, and a3 = structural coefficients of surface 
base, and subbase materials, respectively , and H 1, H2 ,' 

and Ms = layer thicknesses of surface, base, and subbase 
courses, respectively. 

In the computation, a structural coefficient of 0.44 
which was originally developed from the AASHO Road' 
Test, was used for the bituminous concrete surface 
?Jaterial. It was assumed that the structural coefficient 
of the subbase material does not change appreciably 
within a thickness of 5.1 cm (2 in). A more detailed 
computation procedure is available elsewhere (10). The 
structural coefficients determined are shown in Frgure 10. 

Figure 10 shows that, for a given surface-layer thick
ness, the structural coefficient of the ALP material is 
nearly constant within the range of base thicknesses 
studied. The structural coefficient of the ALP material 
however, is smaller for thicker surface layers. The ' 
same effect was also observed for bituminous concrete 
base material (10). Figure 10 shows that the structural 
coefficients equal' approximately 0.33, 0.29, and 0.25 
for surface thicknesses of 3.8, 6.4, and 8.9 cm (1.5, 2.5, 
and 3.5 in), respectively. These values are close to those 
determined by Ahlberg and Barenberg (15) for other ALP 
materials; the values ranged between 0.34 and 0.20 for 
different qualities of ALP materials. 

The structural coefficient of the limestone subbase 
material is also roughly independent of the subbase layer 
thickness, as shown in Figure 10. For the range of layer 
thicknesses studied, the average structural coefficient 
of the subbase material equals approximately 0.03. This 
value is relatively low compared with 0.10, the value 
that was reported before for bituminous concrete base 
material (10). This deviation could be attributed to the 
difference Tn relative stiffness between the base and sub
base layers. As given earlier, the resilient modulus of 
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the ALP material equals 16 400 MPa (2.38 million lbf/ in2
) 

and that of the bituminous concrete base was approxi
mately 2410 MPa (0.35 million lbf/ in2

) , which corre
sponds to the spring temperature condition (10). Thus 
the relative stiffness between the ALP base and the sub
base is considerably greater than that between the bi
tuminous concrete base and the subbase materials. 
Since the combinations of layer thickness that satisfy 
the limiting criteria depend on the relative stiffness of 
the constituent layers, the effect on the base thickness 
of a unit change in the subbase thickness is less signifi
cant for the system that contains a base course much 
stiffer than the subbase course. As a consequence the 
structural coefficient of the subbase material eval~ated 
with the ALP base was lower than that of the subbase 
material evaluated with the bituminous concrete base . 
A similar effect of one layer's stiffness on another 
layer's structural coefficient has also been observed by 
VanTil and others (16). 

SUMMARY AND CONCLUSIONS 

The behavior and performance of pavements that c• in -

tained ALP base were evaluated and compared with 1 h ~<' 
of pavement that contained crushed-stone base. Th· 
critical response of the ALP pavement was analyud : ... 
using the BISAR computer program and appropriate 
material properties. The response analyzed was n· -
lated to performance data to establish limiting cri-
teria. The structural coefficient of the ALP maten.ll 
was evaluated based on the limiting criteria deve h p 111 

The results of this study indicate that ALP mat e rt .ll 
provides a stiffer base with longer ser.vice life than 
crushed-stone aggregate. The ALP pavement di s p la» l'd 
much less severe rutting than the crushed-stone pa 1·e 
ment. In addition, the PSI value decreased at a much 
lower rate for ALP pavement than for crushed-stone 
pavement. Cracking developed much earlier and faster 
in the crushed-stone pavement. No apparent non-trart1 c -
associated cracking was observed in either type of pa" e -
ment. 

For the ALP pavement to withstand 1 million appl 1 ca -
tions of 80-kN EAL, the maximum surface deflection 
maximum tensile strain in the base, and maximum 1· ~rt1 -
cal compressive strain in the subgrade must be limited 
to 0.28 mm (0.011 in), 41 µ.m/m (0.000 041 in/in), and 
160 µ.m/ m (0.000 160 in/in), respectively. The stru c
tural coefficient of the ALP material remains re la -
tively constant with respect to the base thickness but 
varies with the surface thickness. For surface thick
nesses of 3.8, 6.4, and 8.9 cm (1.5, 2.5, and 3.5 in). 
the structural coefficients equal O .33, O .2 9, and o. 2 5. 
respectively. 
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Structural Design of PCC Shoulders 
Jihad S. Sawan and Michael I. Darter, Department of Civil Engineering, University 

of Illinois, Urbana-Champaign 

A structural design procedure for plain jointed portland cement concnttlt 
(PCC) highway shoulder1 h11 t.r1 developed. The procedure can be used 
to provide PCC shoulden eitherfor rehabilitation of existing pavement or 
for new pavement construction. All major factors that are known to af· 
feet the behavior of PCC shoulden are considered in the mechanistic de
sign approach, including encroeching moving trucks, parked trucks, foun· 
dation support, load transfer acrou the longitudinal joint, shoulder slab 
thicknes1 and tapering, width of shoulder, and traffic lane slab. The finite
element structural analysis technique w11 used along with a model for 
concretlt fatigue dam191 to sum damage for both moving encroaching 
trucks and parked trucks. A relation was established between accumu
lated fatigue damage and slab cracking. The shoulder can thus be designed 
for an allowable amount of cracking, which can vary depending on the 
performance lavel desired. Procedures for tying the PCC shoulder to the 
mainline PCC slab are recommended to provide adequate load transfer 
and avoid joint spalling. Lon~tarm, low-maintenance performance of 
the PCC shoulder, 11 -11 as significant improvement in the performance 
of the traffic lane, can be obtained if the shoulder is properly designed. 

Portland cement concrete (PCC) shoulders have been 
constructed for several years on urban expressways 

and rural highways. They were first constructed · , 
experimental basis but more recently as regular . " · 
structlon: Since no structural design procedure 1 ~ 
available, design has been based on engineering j t. :.: -
ment and the performance of a few experimental "' '' -
tlons. The purpose of this study is to develop a ·" 1 1", . · 

tural design procedure that considers the major d· · ~1._:: 
variables that affect the behavior of PCC shoulde r ~ 
The design includes the placement of PCC shouldl' r; 
for the purpose of rehabilitating existing pavement!! 
and also for new pavement construction. 

Shoulders are an integral part of today's maj or !:i .: h • 
ways and are required to provide structural supµ· .rt t • 

(a) encroaching traffic loads from the adjacent tr.1mc 
lane, (b) emergency parking, and (c) regular tnffi c 1( 

the shoulder is used as a detour around a closed I.i n•· 
or as an additional lane during peak traffic hours . Fi l'l,1 
results of this study(!) have shownthatthe PCC s h.,u1.1.·r 
contr ibutes to the structural support of traffic in Uw 
adjacent lane so that distress in the lane is signific' i: t 1 v 

• 
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