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ABRIDGMENT 

eTHE FIRST PART of this report is devoted to a critical review of existing theories 
of structural behavior of rigid pavements. These theories differ principally in the 
model selected to represent the subgrade supporting the pavement slab. Two principal 
models are being used: the elastic-isotropic solid, characterized by a modulus of de
formation E8 and a Poisson's ratio v8 ; and the Winkler subgrade, characterized by a 
coeffici ent of subgrade reaction k. 

It is shown that, with a suilablt:J selection of coefficient k, theories based on the 
Winkler model for the subgrade can also furnish adequate answers for slabs resting 
on a subgrade behaving as an elastic-solid. However, there is no single value of k 
that can give perfect agreement of all static influences in a particular case, unless 
the subgrade thickness is limited to a maximum of 2.5 stiffness radii of the slab. The 
following analytical expressions are presented for evaluation of k for a slab of thickness 
h with deformation characteristics E, v, resting on a subgrade of depth H with deforma
tion characteristics Es, vs= 

Subgrade of infinite depth (H .... m) 

(1) 

or in simplified form, 

(2) 

Subgrade of finite depth (H s 1.38 ~ h) 

E 
ko1 = 1.38 s 

(1 - Vs2)H 

(3) 

The second part of the report is devoted to study of structural behavior of rigid 
pavements of the AASHO Road Test. It is shown that the overall response of the AASHO 
subgrade to loads is comparable to response of an ideal isotropic-elastic solid. How-
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Figure 1. Relationship of performance to 
maximum combined tensile stress. 
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ever, with proper selection of the coeffi
cients of subgrade reaction k, the Winkler 
subgrade model (used in the well-known 
Westergaard theory of rigid pavements) 
can also lead to good predictions of pave
ment stresses and deflections. As sug
gested by Eqs. 1 and 2, the coefficient k 
for the AASHO pavement/ subgrade systems 
is a variable quantity that is inversely 
proportional to the pavement slab thickness. 

It is also demonstrated that the combined 
tensile stress in pavement slabs represents 
the best indicator of pavement performance. 
If the critical stresses for each loading 
case and slab are plotted vs the number of 
load repetitions N2. s needed to reduce the 
serviceability index to 2.5, a unique rela
tionship results for all slabs regardless 
of type of loading (Fig. 1). 

This most significant finding confirms 
the soundness of a rational, mechanistic 
approach to design of rigid pavements. 
It demonstrates beyond doubt that failure 
in pavement performance is not a phemon
enon of chance, as some statistical ap
proaches tend to suggest, but a phenomenon 
that has a definite mechanical cause. 

It can be shown that the data in Figure 
1 can be fitted by the expression 

( fc)
4 

N2.s = 225,000 a (4) 

in which fc represents, as before, tensile strength of the pavement s lab material in 
bending (for AASHO slabs fc = 790 psi), and a represents the maximum combined 
tensile stress in the pavement slab caused by traffic load Q moving in the anticipated 
average wheelpath position. (In existing design procedures, a is computed as the 
absolute maximum stress caused by loads placed in some extreme positions such as 
slab edge or slab corner.) 

Using Eq. 4 and considering the fact that the pavement stress a for AASHO Road 
Test conditions is found to be proportional to wheel load Q and inversely proportional 
to approximately the 1.25 power of the slab thickness h, the following general relation
ship between principal variables in the AASHO Road Test can be established: 

(5) 

where C is a constant. 
Equation 5 suggests that slab thickness should be increased as the fifth root of the 

anticipated number of load applications. This means that, under otherwise equal cir
cumstances, the pavement life may be increased 1.8 times by adopting a 9-in. instead 
of an 8-in. slab thickness, and 3 times by adopting a 10-in. instead of an 8-in. slab 
thickness. At the same time the pavement life can be reduced to half by adopting a 
7-in. instead of an 8-in. slab thickness. 

It also follows from Eq. 5 that the pavement life varies as the fourth power of the 
concrete strength. This points out the importance of the quality of materials in pave
ment construction: a 10 percent increase in strength may mean a 50 percent increase 
in pavement life; a 20 percent increase in strength may mean doubling the pavement 
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life. At the same time, a 10 percent reduction in concrete strength may mean reducing 
the pavement life to 65 percent of the normal expectation; a 20 percent reduction in 
strength may mean reducing the life to 40 percent of the normal expectation. 

Equation 5 may give us a rational basis for evaluation of effects of overload and 
mixed traffic on pavement life. A consistent 10 percent overload may reduce the pave
ment life to half the normally expected time. One application of double load is equiva
lent to 16 applications of normal load. At the same time 16 applications of the half
load in a mixed traffic should be equivalent to one application of normal load; 6,500 
applications of a 2-kip axle load should be equivalent to one application of an 18-kip 
load. 

The analyses leading to Eq. 5 furnish a rational basis for evaluation of equivalency 
of single and tandem loads under much more general conditions than possible in the 
past. With such an expression it becomes possible to predict in a rational way what 
would be the effect of using, on a certain pavement, tandem axle loads with different 
axle spacing or with a different distance between extreme wheels. Moreover, it be
comes possible to predict with somewhat greater certainty the potential life of a rigid 
pavement subjected to traffic by a new vehicle that may be of entirely different char
acteristics than any other vehicle used in the past on similar pavements. 




