60

Transportation Research Record 930

Design of Slab Thickness and Joint Spacing for

Jointed Plain Concrete Pavement

JIHAD S. SAWAN AND MICHAEL I. DARTER

A structural design procedure for jointed plain concrete pavement (JPCP) is
presented. The design system considers directly the slab thickness, slab
length, concrete strength, traffic volume and distribution, foundation sup-
port, and thermal gradients, using fundamental structural principles. The
procedure was caiibrated 1o actuai fieia conditions by correlating the actual
amount of transverse cracking and total computed fatigue damage in the
slab. Field data from 11 agencies were used. The design system shows that,
for a given traffic level, climate, and foundation support, there are definite
combinations of slab thickness, strength, and fength (joint spacing) that must
be used to control slab cracking. A thicker slab permits an increase in slab

cracking is tolerated (as on lower-volume roads), a longer joint spacing is
allowed. Decreasing the level of axle load distribution from a heavy to a
moderate level would decrease the slab thickness or allow a longer slab to be
used or both. The effect of foundation support (K) at a higher level of al-
lowable cracking is appreciable compared with the effect at a lower level of
cracking. The modulus of rupture (MR) has a pronounced effect on both
slab thickness and joint spacing.

The structural design of jointed plain concrete
pavement (JPCP) has traditionally been performed by
determining a required slab thickness from fatigue
(1) or serviceability analysis (2) and independently
selecting a maximum joint spacing to minimize joint-
ing costs (particularly when dowels are used). This
practice has led to a substantial amount of inter-
mediate slab cracking over time and under traffic
for the longer slabs. )

For example, the 12-, 13-, 19-, 18-ft random
spacing used by many agencies results in the 18- and
19-ft slabs cracking whereas the 12- and 13-ft slabs
rarely crack. The 25~ and 30-ft slabs constructed
by several states have generally had substantial
intermediate cracking over time under traffic. Most
of the 12-, 13-, 19-, and 18-ft slabs have been 8 to
9 in. thick and the 30-ft slabs 10 in. thick. Many
agencies have now reduced their joint spacing to
minimize slab cracking. Some agencies are also
beginning to construct thicker slabs (10 to 14 in.)
for heavily trafficked routes while using the same
joint spacing as for thinner slabs,

In this paper, a design procedure is presented
that provides both a required slab thickness and a
corresponding maximum Jjoint spacing to limit slab
cracking for given traffic, thermal gradients, port-
land cement c¢oncrete (PCC) strength, and foundation
support. The procedure was developed from basic
structural concepts and correlated with extensive
field data from several agencies.

BASIC DESIGN CONCEPT
The basic concept in developing a design procedure
based on fatigue analysis is to prevent cracking of

the slabs, which is one of the most serious types of
pavement distress requiring rehabilitation.

Finite-Element Model

An evaluation was conducted to determine the best
structural analysis program for Jjointed concrete
pavement. Several programs were evaluated (3), and
the results show that the finite-element slab analy-
sis program developed by Huang and Wang (4) has the
desirable capabilities for analysis of JPCP slabs.
This program has many important capabilities, in-
cluding the determination of (a) stresses and de-

flections in concrete pavement slabs with full or
partial subgrade contact, (b) variable load transfer
of transverse and longitudinal joints, and (c) the
effect of thermal aradients on aorling strescac;
both independently and in combination with traffic
load. The method is based on the theory of minimum
potential energy by dividing the slab into small
elements, considered thin plates, interconnected
only at a finite number of nodal points. Other
majcr 2dvantages of the finite-element wetiwd are
that computed stresses agree well with experimental
results {(3), elements of varying sizes can be easily
incorporated in the analysis, and no special treat-
ment is needed at a free edge.

Critical Fatigue Location in Slab

The location of the critical point at which cracking
initiates in the PCC slab is vital to the develop-
ment of a fatigue analysis when the objective is to
prevent slab cracking. The location of the critical
point is approached by using both fileld studies and
a comprehensive slab fatigue analysis. Results from
highway field studies (5,6) indicate that in slabs
of normal thickness (>8 1in.) cracking usually
initiates at the slab edge and propagates trans-
versely across the slab, These cracks are usually
located in the center third of the slab. Available
data (8) aiso indicate that transverse cracking
occurs much more often than longitudinal or corner
cracking. However, where serlous pumping has oc-
curred at the transverse joint, corner breaks or
diagonal cracks also occur. Longitudinal cracking
in the wheel path or in the center of the slab is
believed to be initiated by either large compressive
stresses from joint infiltration or foundation set-
tlement. However, some longitudinal cracks certainly
are load caused and occur as second-stage slab
breakup.

A comprehensive fatigue analysis was conducted by
using the finite-element program and Miner's fatigue
damage hypothesis to determine theoretically the
critical point in the slab where cracking should
initiate if caused by truck loadings. Two critical
positions in the slab were evaluated based on the
results from the field studies: (a) near the trans-
verse joint in the wheel paths, where longitudinal
cracking often initiates, and (b) along the outside
edge at midslab between the transverse joints, where
transverse cracking initiates. A fatique analysis
was conducted by considering typical variations in
truck axle weights, axle types, and lateral dis-
placement across the slab. Stresses in the slab
were computed by using the finite-element program
for different magnitudes and lateral positions of
the 1load. Stresses were computed over a range of
slab thickness (H) and modulus of foundation support
(K). Fatigue damage (D) was then computed by using
these stresses and Miner's cumulative damage hypoth-
esis (7).

Results from the analysis for midslab show that,
when the mean lateral placement is less than 36 in.,
the critical fatique damage point is clearly at the
slab edge (see Figure 1l). In addition, the fatigue
damage at the midslab edge loading is much greater
than the fatigue damage near the transverse joint
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for any lateral distance. These analytic results
agree with the field studies mentioned earlier, in
which extensive pumping has not occurred. Beams cut
from slabs show that the fatigue cracks initiate at
the bottom of the slabs and work their way toward
the top with increasing load applications.

DEVELOPMENT OF FATIGUE DAMAGE ANALYSIS

A comprehensive fatigue damage analysis for PCC
slabs was developed based on the following:

1. The critical fatigue damage location in the
slab is at the longitudinal edge midway between
transverse joints. ) R

2. Critical edge stresses caused by both traffic
loads and thermal gradient curl are considered to
prevent transverse cracking.

3. Both load and thermal curl stresses are com-
puted by using the finite-element program, which has
been shown to provide accurate results.

4. The proportion of traffic occurring near the
slab edge is used in the fatigue analysis.

5. Concrete strength changes with time and thus
the fatigue analysis must be time-dependent.

6. Fatigue damage is computed according to the
Miner hypothesis.

7. A correlation between computed fatigue damage
and measured cracking was detérmined, and thus a
limiting damage to control slab cracking can be
selected.

PCC Fatigue

Several laboratory studies have shown that plain PCC
beams experience fatigue failure when subjected to
high repetitive flexural stresses (8-17). 1In addi-
tion, several road tests and many in-service PCC
slabs have been observed to experience fatique fail-
ure when subjected to many applications of heavy
truck traffic (5,18). Fatigue damage is obvious on
many multilane pavements where the outside truck
lane has much more slab cracking than the inner
lanes. However, no correlation between laboratory
and field fatique results has been attempted.

The results from laboratory studies provide sig-
nificant information about the fatigue properties of
PCC applicable to pavement fatigue conditions:
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1. The number of repeated loads that PCC can
sustain in flexure before fracture depends on the
ratio of applied flexural stress to the ultimate
static flexural strength or modulus of rupture.

2. PCC does not have a fatique limit within 20
million load applications; hence, there is no limit-
ing repeated stress below which the life will be
infinite (8-10). The mean fatigue strength of PCC,
which is the strength expressed as a percentage of
the static ultimate strength, is approximately 55
percent at 10 million applications of load (11). '

3. Application of varying flexural stress levels
gives different fatigue results depending on the
sequence of applied loads of varied intensity
(10,11). Thus, Miner's damage hypothesis, which
assumes linear accumulation of damage, does not give
an exact prediction of PCC failure. However, data
from recent tests indicate that the inaccuracy of
Miner's hypothesis is not very significant compared
with the large variability in strength and fatique
life that is typical of PCC (19). Hence, it was
concluded that Miner's hypothesis represents the
cumulative damage characteristics of concrete in a
reasonable manner (19).

4, Fatigue life of PCC is highly variable; coef-
ficients of variation range up to 100 percent.

5. Repeated rest periods during a fatique test
increase fatigue strength, and thus some recovery
occurs during the rest periods (11).

6. The effect of moisture conditions of PCC
under flexural fatigue has not been fully deter-
mined. Some limited tests indicate that high mois-
ture content gives lower fatique strength (10,20).
A recent limited study tends to indicate that satu-
ration affects fatigque life but does not signifi-
cantly change fatigue strength (21); however, the
results are not conclusive.

7. The increase in PCC modulus of rupture with
time significantly affects the increase in fatigue
life but not fatique strength as long as the modulus
of rupture at the specific time is used to compute
the stress ratio (21).

Fatique data were obtained for plain PCC beams
from three studies (9,19,21). A plot of stress/
strain versus number of load applications for 140
tests from these studies is shown in Figure 2. The
data from the three studies generally overlap each
other. )

The applicability of these 1laboratory fatigue
results from beam specimens to the fatigue of actual
pavement slabs under field conditions has never been
established. Many of the differences that exist
between laboratory and field conditions probably
result in different fatigue responses, Moreover,
the uncertainty about many factors that might affect
PCC fatique life is so great and available informa-
tion so limited that any laboratory curves used to
estimate fatique damage in field slabs must be cali-
brated based on field data, as done later in this
paper.

A fatigue curve must be selected for design pur-
poses. After consideration of a number of factors,
the following curve was selected for design:

LogioN = 16.61 - 17.61(R) 1)

where N is the number of stress applications to
failure and R 1is the ratio of repeated flexural
stress to modulus of rupture. This expression, com-
pared with the mean reqression curve (Pp = 0.5),
provides a safety margin of one decade of load ap-
plication, as shown in Figure 2, and represents a
failure probability of 24 percent.
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Figure 2. Summary of PCC flexural fatigue daia with curve used.
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Figure 3. Change in PCC modulus of rupture with time.
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PCC strength data were obtained from five projects
located in as ‘many states (22-25) and also from the
Portland Cement Association (l). The modulus of
ropture at times ranging from 3 days to 17 years was
obtained from tests on beams cast during construc-
tion and then cured over time and beams cut from
slabs over time (see Figure 3). The following equa-
tion was obtained by using multiple regression tech-
niques:

Fa =122 +0.17 log;oT - 0.05(log, o T)? )

where Fp is the ratio of the modulus of rupture at
time T to the modulus of rupture at 28 days and T is
the time since slab construction (years).

The modulus of rupture can be estimated at any
time T by using the following expression:

F=Fa(Fpg) 3)

where F is the modulus of rupture at time T and
Fog is the modulus of rupture at 28 days (third-
point loading).

The above equations can be used to estimate the
ultimate modulus of rupture at any time over the
life of the pavement for use in the fatigue damage
analysis.
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Figure 4. Lateral distribution of trucks in outer lane on four-lane freeway.
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Lateral Truck Distribution

The lateral placement of trucks in the traffic lane
is crucial because of the high longitudinal edge
stresses that develop when the wheel load is near
the edge. The lateral distribution varies with
several factors, such as the width of the traffic
lane, the 1location of the edge stripe, paved or
unpaved shoulders, any edge restraints such as re-
taining walls, and the existence of curb and gutter.

The lateral distribution should be measured for
local conditions, and only general guidelines are
given as to the typical range of the mean distance.
If heavy trucks travel on the average down the cen-
ter lane, the mean distance (for a 12-ft-wide 1lane
and an B8-ft-wide truck) would be 24 in. However,
available evidence indicates that when there is a
paved shoulder and no lateral obstructions, there is
a definite tendency for trucks to shift about 3 to
12 in. toward the slab edge, which gives a mean
value for lateral distribution of approximately 12
to 21 in. Bureau of Public Roads measurements at 15
locations in 1956 for 12-ft concrete traffic lanes
and paved shoulders on two-lane rural highways
showed an average of 11 in. (26). Studies by Emery
(27) in 1975 showed a mean of approximately 16 to 18
in. on rural four-lane Interstate highways. The
lateral distribution obtained from Emery is approxi-
mately normal and the standard deviation is 10 in.,
as shown in Figure 4.

Results from the study by Emery (27) show that on
rural Interstate highways with paved shoulders ap-
proximately 10 percent of loads were within 6 in. of
the slab edge. Several of our own observations tend
to confirm that there is a significant proportion of
loads near the edge. Additional data are greatly
needed to establish lateral placements of trucks for
varying conditions.

Thermal Gradients

The thermal gradient in the PCC slab is defined as
follows:

G =(Ttop - Thottom)/H 4)
where
G = thermal gradient (°F/in.),
Ttop = temperature at the top of the slab (°F),
Thottom - temperature at the bottom of the slab
(°F), and
H = PCC slab thickness (in.).
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A positive gradient indicates that the top of the
slab is warmer than the bottom, which normally oc-
curs during the daytime. A negative gradient indi-
cates that the bottom is warmer than the top, which
normally occurs during the nighttime. A positive
gradient results in tensile stress at the bottom of
the slab, and a negative gradient results in com-
pressive stress at the bottom of the slab. During
times when the gradient is positive (termed day-
time), the total combined stress at the bottom of
the slab edge midway between the joints under traf-
fic load will be much greater than during the times
when the gradient is negative (termed nighttime).

The temperature gradient varies continually
throughout a 24-hr period and also varies from month
to month. A mean monthly positive daytime gradient
and mean nighttime gradient can be used in design.

Computation of PCC Fatigue

A fatigue analysis procedure was developed based on
the results discussed previously to provide a method
of estimating traffic damage that could result in
slab cracking. The basic fatigue design philosophy
for plain jointed pavements is that transverse
cracking must be controlled. This 1is possible
through direct consideration of traffic loadings,
thermal gradients, Jjoint spacing, and foundation
support. The PCC slab is subjected to many applica-
tions of heavy traffic loads. At the same time, it
also experiences stresses due to temperature qgradi-
ents, which have been shown to have a significant
effect. Curling of the slab also results in gaps
between the slab and the subbase that increase the
stress under load.

The major steps in the fatigue analysis are as
follows:

1. Determine the number of axle applications in
each single and tandem axle-load group;

2, Select the trial slab-subbase
transverse joint spacing, PCC strength,
gradients, and other required factors; and

3. Compute the fatigue damage occurring at the
slab edge for a given month, both day and night, by
using Miner's cumulative damage hypothesis (7) and
sum the damage monthly over the entire design period:

structure,
thermal

Damage = 2 % % (nijk/Nijk 5
AMBRCS, 2. 2 & (nijk/Nijk) ®)

where

Damage = total accumulated fatigue damage occur-
ring at the slab edge over the design pe-
riod;

nijk = number of applied axle-load applications
of magnitude over day or night for the
month ; '

Nijk = number of allowable axle-load applica-
tions of magnitude over day or night for
the month determined from the PCC fatigue
curve ;

i = a counter for magnitude of axle load,
both single and tandem axle;

j = a counter for day and night (j=1 is day
and j=2 is night);

k = a counter for months over the design pe-
riod;

m = total number of single and tandem axle-
load groups; and

p = total number of months in the design pe-
riod.

The fatigue damage is computed at the slab longitu-
dinal edge midway between joints.
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Applied Traffic

The applied traffic (nijk) is computed by using the
traffic data for the month under consideration:

nifk = (ADTm)(T/100)(DD/100)(LD/100)(A)(30)(P/100)
(C/100)(DN/100)(TF/100)(CON/100) ®)

where

ADT = average daily traffic at the end of the spe-
cific month under consideration,

T = trucks in ADT (%),

DD = traffic in direction of design lane (%),

LD = land distribution factor (percentage of
trucks in design lane in one direction),

A = mean number of axles per truck,

P = axles in ith load group (%),

C = total axles in the lane within 6 in. of the

edge (%),

DN = trucks during day or night (%),

TF = factor to either increase or decrease truck
volume for the specific month, and

CON 1 for single axles, 2 for tandem axles.

Allowable Traffic

The allowable traffic (Nijk) is computed from the
PCC fatiqgue model. First, the total stress occur-
ring at the edge of the slab for a given axle load
is computed by considering both traffic load and
slab curling for the given month for either day or
night conditions. The stress is computed for edge
loading of both single and tandem axles by using
models developed from the finite-element program,
which realistically considers the combination of
load stress and slab curling stresses: The stress
equations were derived by using multiple stepwise
regression techniques from a factorial of data ob-
tained from the finite-element program over a wide
range of design variables.

A computer program called JCP-1 was developed to
compute the accumulated fatigue damage over the
design life of the pavement. These data can be used
to evaluate and design a JPCP with reference to
fatigue damage.

LIMITING FATIGUE CONSUMPTION

The fatigue analysis that has been developed is
quite comprehensive in that it considers directly
the effects of traffic loadings, thermal gradient
through the slab, joint spacing, loss of foundation
support (pumping), and increase in PCC strength over
time. However, several factors are not considered
because of insufficient information. One of the
most important of these factors may be the use of
PCC fatigue curves obtained from small beams to
estimate the fatigue life of large, fully supported
pavement slabs. In addition, there are considerable
differences between traffic loading conditions in
the laboratory and in the field. Other inadequacies
could be cited, but the point to be made is that the
final accumulated fatigue damage based on the stress
equations computed for a pavement slab must be cor-
related with measured slab cracking before a limit-
ing fatigue consumption can be selected with confi-
dence for design.

According to Miner's hypothesis, a material
should fracture when the accumulated damage eguals
1.0. Even if this hypothesis were exactly correct,
the wvariability of material strengths, loads, and
other properties would cause a variation in accumu-
lated damage ranging from much less than 1.0 to much
greater. For example, the PCC concrete laboratory
data shown in Fiqure 2 indicate a computed damage
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Figure 5. Effect of fatigue damage on cracking of plain jointed 40
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PCC pavements.
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Figure 6. Effect of cracking index on slab thickness and slab length for heavy
axle-load distribution.
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ranging from roughly 5x107"
based on the mean fatigue curve.

Assuming that Miner's hypothesis is exactly cor-
rect, the use of a computed damage value of 1.0 (or
100 percent) in design would result in a 50 percent
chance of fatigue failure if no safety factors were
applied to any of the input parameters. Hence, a
design damage value of much less than 1.0 is essen-
tial to provide for a low probability of fatique
cracking (or high design reliability). This limit-
ing value may vary depending on the type of pavement
under design (i.e., low-volume or expressway).
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The appropriate 1limiting value of accumulated
fatigue damage for use in JPCP design was determined
as follows:

1. Field data were collected from three sources.
The first source was AASHO Road Test sections on
loops 4, 5, and 6, which were under traffic for 2
years (1958 to 1960). Sections with excessive pump-
ing were excluded. For the 28 sections that were
included, slab thickness ranged from 8 to 12.5 in.
the second sourve was ARSHO Road Teat aecctione that
were left in service after the end of the test and
became incorporated as part of I-80. These sections
were under regular mixed traffic from 1962 to 1974.
Extensive measurements of distress were made period-
ically by the Illinois Department of Transportation.
Twenty-five sections were included, and the range of
slab thickness was again from 8 to 12.5 in. The
third source was 37 in-service projects located in
the United States and Canada: New Jersey, Arizona,
California (11), Michigan, Utah (9), Georgia (9),
Colorado (2), Washington, Texas, and Ontario. These
projects were mostly heavily trafficked highways
ranging in age from 6 to 34 years.

2. The total accumulated fatigue damage from the
opening of each project to traffic to the date of
the survey was computed by using the JCP-1 computer
program. The truck lane with the heaviest traffic
was always used in the computations.

3. A plot of cracking index versus total accumu-
lated fatigue damage is shown in Fiqure 5. This
curve dives a S50 percent probability that for a
certain value of fatigue damage the corresponding
cracking index will be higher than the value read on
the curve. With all the uncertainties involved in
measuring the cracking index in the field and in
computing fatigue damage, a more conservative curve
that envelopes most of the data points plotted in
the figure is needed for design.

The relation between slab cracking and computed
fatigue damage indicates the following:

1. A correlation exists between transverse slab
cracking and computed fatigue damage in the slab.
Fatigue damage is computed at the longitudinal edge
and hence should relate directly to transverse
cracking. This correlation provides reasonable
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verification of certain aspects of the fatigue com-
putation procedure.

2. A limiting fatique damage value can be se-
lected for design based on how much cracking is
acceptable in the pavement. The fatigue damage
design limit must be chosen so that it corresponds

Figure 7. Effect of cracking index on slab thickness and slab length for
moderate axle-load distribution. -
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Figure 8. Effect of cracking index on slab thickness and slab length for very
heavy axle-load distribution.
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to a specific tolerable level of transverse crack-
ing. All projects that have less than 10°° damage
either exhibited no cracking or only a very minor
amount. The amounts of probable transverse cracking
for various accumulated damage values determined
from an envelope fit above most of the data are as
follows:

Cracking Index

Fatigue Damage (££/1,000 ft*)
10° 0

107" <5

1072 <10
10 <15
10° <40

APPLICATION TO DESIGN

The proposed JPCP design method provides a compre-
hensive procedure for determining concrete slab
thickness and strength and the maximum joint spacing
needed to carry the expected traffic and climatic
loading conditions throughout the entire design life
of the pavement. The procedure specifically con-
siders slab cracking. The faulting of joints must
also be prevented through adequate load transfer (3).

The design procedures show that, for a specific
slab thickness and other desiqn factors held con-
stant, the amount of slab cracking increases with
the joint spacing. If more cracking is to be toler=-
ated, then either the slab thickness should be de-
creased or the joint spacing should be increased (or
the PCC strength decreased). The design method is
unique in this respect. All other design methods
for rigid pavement design only for the slab thick-
ness. The joint spacing is usually decided on ir-
respective of the slab thickness. The dependence of
slab thickness and joint spacing on each other, with
its effects on different important design variables
and their applications to the design process, is
discussed below.

Cracking Level

As discussed earlier, this design method provides
for designing the concrete slab for different levels
of cracking. It has been shown in Figure 5 that,
the higher the total fatigue damage in the concrete
slab, the higher will be the cracking index. There~
fore, the design engineer has flexibility in decid-
ing on the amount of cracking to be tolerated, de-
pending on the site conditions that will exist dur-
ing the pavement design life.

Figure 6 shows the effect of the level of crack-
ing on slab thickness and joint spacing for a high-
way with a heavy axle-load distribution. As the
amount of c¢racking increases, the slab thickness
decreases for a constant joint spacing. on the
other hand, if the slab thickness is held constant,
longer joint spacing is allowed. For example, if a
slab thickness of 12 in. is obtained and a =zero
cracking index is chosen, a joint spacing of about
10 ft is needed. However, if a higher cracking
index is tolerated (CI <10 f£t/1,000 f£ft*), a
joint spacing fo 25.0 ft is needed. On the other
hand, if a joint spacing of 13 ft is fixed, a slab
thickness of 11.4 in. can be used. This cracking
index effect is also shown in Fiqures 7 and 8 for a
traffic level with moderate and very heavy axle-load
distributions.

Traffic Level
The effect of the level of traffic on slab thickness

and joint spacing is shown in Figures 6 to 8. Three
levels of traffic were analyzed: moderate, heavy,
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Table 1. Determination of axle-load distribution for use in design.

Design Axle-Load Distribution (%)

Axle-Load Group Weight (kips) Moderate Heavy Very Heavy
Single axle 0-3 7.87 7.28 7.28
3-7 17.59 16.28 16.28
7-8 8.37 7.75 7.75
8-12 16.22 15.01 15.01
12-16 5.13 4.75 4.75
16-18 2.10 1.94 1.94
18-20 0.44 1.32 T2
20-22 0.34 1.02 0.81
22-24 0.14 0.42 0.55
24-20 0.05 0.14 0.2
26-28 0.02 0.06 0.05
28-30 0.01 0.02 0.03
30-32 0.01 0.02
32-34 0.01 0.02
34-36 0.01
36-38 0.01
Tandem axle 0-6 VU4 0.57 .57
6-12 10.54 9.76 9.76
12-18 471 4.36 4.36
18-24 6.14 5.68 5.68
24-30 9.64 8.92 8.92
30-32 5.29 4.90 4.90
32-34 2.15 4.30 4.01
34-36 1.70 3.40 1.92
36-38 0.70 1.40 1.06
38-40 0.24 0.48 0.83
40-42 0.09 0.19 0.60
42-44 0.04 0.08 0.35
44-46 0.03 0.06 0.29
46-48 0.02 0.03 0.31
48-50 0.01 0.02 0.27
50-52 0.01 0.02 0.16
52-54 0.01 0.01 0.08
54-56 0.01 0.05
56-58 0.02
58-60 0.02
60-62 0.01
62-64 0.01
f4-66 0.01
Total 100.00 100.00

and very heavy axle-load distributions with the same
overall ADT volume. These axle-load distributions
are given in Table 1.

The figures show that as the axle~load distribu-
tion gets heavier the slab thickness increases or
the joint spacing is decreased for the same cracking
index. A cracking index of up to 5 ft/1,000 ft?
is used to plot Figure 9 which shows the effect of
different axle-load distribution levels on both slab
thickness and joint spacing. Decreasing the traffic
from a very heavy to a moderate axle-load distribu-
tion level decreases the slab thickness by approxi-
mately 1 in. for a constant slab length or increases
the joint spacing by 3 ft for the same slab thick-
ness.

Foundation Support

The effect of the pavement foundation support system
(K) on slab thickness and joint spacing is shown in
Figure 10, Different levels of cracking index are
also shown in this figure. With the high cracking
index (CI <40), using a stabilized base will de-
crease the slab thickness by 1 to 2 in. or (for the
same slab thickness) will allow the use of a much
longer slab. As the level of cracking index de-
creases (CI <10 or CI <5), a thicker slab is
required (12 to 16 in.). Using a stabilized base
will decrease the slab thickness requirement within
the shorter slab range, but it will increase the
thickness requirement within the longer slab range.
This is due to the greater effect of curling condi-
tions on the longer slabs than on the shorter slabs.
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Higher curling stresses are also expected in longer
slabs with a stabilized base than in slabs with a
less stiff foundation. These conditions require a
thicker slab or shorter joint spacing.

Figure 9. Effect of axle-load distribution level on slab thickness and joint
spacing.

18
K = 400 pci
Cracking Index < 5 /1000 ft°
16
Very Heavy Traffic A
E’ Reavy Traffic
g fvderate Traffic
- arric
£ 14 =
w
&
@
£
hod
2
=
0
o
©n 12 2
10 -
8 1 i I

10 15 20 25 30

Slab Length in Feet

Figure 10. Effect of foundation support on slab thickness and joint spacing for
different levels of cracking index and heavy traffic.
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Figure 11. Effect of modulus of rupture on slab thickness and joint spacing for
heavy traffic.

18
Cracking Index < 5 ft./1000 ft.

K = 400 pci

Heavy Traffic )J——’

o

na

Slab Thickness in Inches

Slab Length in Feet

Modulus of Rupture

The effect of modulus of rupture (Mz) on slab
thickness and joint spacing is shown in Figures 11
and 12, A concrete pavement with a stabilized base
under typical traffic and environmental loading
conditions is analyzed. The effect of three levels
of modulus of rupture on slab thickness and length
is shown in Figure 1l. As modulus of rupture changes
by *100 psi, slab thickness changes by about *1 -1.5
in. for the same joint spacing. If slab thickness is
held constant, the joint spacing would be changed by
about *5 ft.

Figure 12 provides an adjustment factor that
could be used to account for the change in modulus
of rupture. For example, the slab length obtained
for a pavement under typical conditions [a heavy
axle-load distribution, a foundation support of 400
pci, a modulus of rupture of 650 psi, a cracking
index of <5 £t/1,000 £t*, and a slab thickness of 12
in. (Figure 6)] would be 16 ft. If My is 750 psi,
then the slab length is 16 * 1.3 = 21 ft. On the
other hand, if Mg is 550 psi, the slab length is
16 * 0.7 = 11 ft.

SUMMARY

The structural design procedure for JPCP described
in this paper takes into direct consideration major
design factors such as slab thickness, slab length,
slab strength, traffic wvolume and distribution,
foundation support, and climatic conditions through-
out the pavement design life. A comprehensive set
of 76 in-service pavements was used to determine a
correlation between the amount of transverse crack-
ing, measured on site, wversus the total fatigue
damage accumulated by each section throughout its
in-service life and computed by the JCP-1 computer
program.
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Figure 12. Effect of PCC modulus of rupture on adjustment factor for joint
spacing for different slab thicknesses.
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In this paper different applications of the

method to concrete pavement design have been shown
and a new concrete pavement design concept of con-
sidering slab thickness and strength with transverse
joint spacing has been developed. It was found that
if a thicker slab were used a longer joint spacing
could be allowed for the same level of cracking.
This has long been known in airfield pavement design
but is now quantified analytically.

The effect of the amount of cracking, traffic
axle-load distribution level, foundation support (K)
and modulus of rupture (M) were also studied. As
more cracking is tolerated in the concrete pavement,
a longer joint spacing is allowed. The effect of
different axle-load distribution levels on both slab
thickness and joint spacing is such that decreasing
the axle-load distribution level from very heavy to
moderate would decrease the slab thickness by ap-
proximately 1 in. or would increase the slab length
by about 3 ft.

Foundation support has a greater effect on slab
thickness and length if a higher cracking index is
tolerated (15-40 f£t/1,000 ft?). A decrease of up
to 1.5 in. is noted in the slab thickness if a sta-
bilized base is used and a high cracking index is
allowed. The modulus of rupture has an appreciable
effect on both slab thickness and length. A change
of *100 psi in Mg will change the slab thickness by
#1 - 1.5 in. or will change the slab length by about
*5 ft.
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