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1. 
CHAPTER • 1 

INTBp]XTCTIOW. 

1.1  

 

GENERAL : 

Pavements are generally classified in two 
categories. Flexible and Rigid. Flexible pavements 
consists of a series of layers with the highest quality 
material at or near the surface(1). The load carrying .. 	p 
capacity of ,Flexible pavements is brought . by the load 
diet-ributicn characteristics of the layered system. The 
materials used in the layers are considered to have 
negligible flexural strength. The óuzzcu flexible 
pavement layers are. crashed . stone or gravel, Water 
Baird Macadam ("WBM), Bituminous mixes a c. 

Rigid pavements are those .bavibg . ccns derable 
_ flexural strength and high modulus of elasticity, capable 

of distributing load over a. relatively wide area. The major 
portion of structural capacity of the Rigid pavements is 
supplied by the slab itself. Portland cement ecmcrete is 
the onlymaterial considered in the category of - Rigid 
Pavements. Hence at present there are two methods of 
pavement design _ Rigid pavement design when ..considering 
materials which have considerable flexural strength . (.like 
that of cement concrete) . and flexible pavement design when 
considering materials which have negligible flexural 
strength B). 

Though pavement materials like .soil-cement, 
soil.lime.flyash, Pozzuolanic concrete, and lean cement 
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caacrete have web low flexural strength than cesient 
concrete, still they possess noteworthy flexaral strength„ 
The 28 days flexural strength of cement concrete used in 
pavement ccnstructica is in the range of 120 to 180 Kg/m& 
whereas that of soil-cement usually used as base-c rse 
ccnst ii ct c.n . is In the range of 7 to 50 Kg/ &. Hence 
there is a need for an ante mediate classification and 
a suitable method of design for such pavements. This 
category of pavement material may be classified as .semi-
rigid or semi-flexible materials. 

According to Barris( 3)  the semi.»flexible pavements 
should have sufficiently low, elastic modulus and coefficient 
of thermal exansiaz so as to reduce temperature expansion, 
ccntracti©sn and warping to the extent that jointing is not 
necessary* These may be achieved by lowering the strength 
below that of Portland cement concrete and by a judicious 
choice of the aggregates(3)  . However from the stand point 
of thickness and economy it is desirable t.o provide as 
high a strength' as, possible. 

1.2 PPABL+IS IN . I4C[GID PAV 	T .DD$I(V a 
Upto this time th.ró has not been can accepted 

method of design for. ssmi.rigid pavements. Soil cement 
pavements have been designed by a conventional flexible 
pavement design method by sane agencies like the U.S. Corps 
of igineers(4) . British practice is also to consider 
soil-cement as a flexible pavement . This means soil-cement 
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base-course is considered equivalent to the granular 
base-coarse, in thicimess requirement. Highway Research 
Board, U.S.A. has recommended the soil-cement base-coarse 
thickness equal to granular base-course can, good quality 
sub-grades; but an weaker subgrades the thickness of soil-
cement equal to three-quarters of the required granular 
base-course has been recommended. Semi-Rigid pavements like 
soil-cement have been rep orted(s, 7)  to deflect upto a 
considerable distance frcym the loaded area and tints transmit 
the load through .a wider area to the lower layer.. This results 
in noteworthy reducticn In vertical stress transmitted by the 
semi-rigid layer and lover value of maximum deflection in 
ccmparisian.-.to..flexible pavement layer of equivalent,  thickness. 
This means that the thickness requirement of semirigid, 
pavement could, be less than, the granular base-course under 
identical canditiens of subgradey climate and traffic. 

An empirical, flexible pavement design. method 
•like. the C.B.R. method also seems to be nsuitable for the 
design of semi-rigid pavements. This is because the C.B.R. 
value of the semi-rigid material very much exceed 100 % 
which is designated for a standard crushed stogie. The 
soaked C.B.R. values of soil-cement mixes co monly used'  
In base course after 7 days caring vary fran 100 % to over 
500 % depending upou the soil type(8). This means that C.B.R. 
test itself cannot be adopted to assess the strength charac-
teristics of semi-rigid materials. Moreover the total pavement 
thickness  requirement by C, B. R. method does . not depend an the 
strength characteristics of the pavement component layers. 
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This It may be concluded that by the ccnventicnal 

flexible pavement design methods it may not be possible to 
arrive at the exact thickness requirement of sssai-frigid 
pavements. It may be too conservative to adopt the semi-
rigid pavement thickness equivalent to flexible pavement. 
.Empirical approaches based cn load carrying capacity have 
indicated that the thickness requirement of semi-rigid 
pavement weld be less than flexible pavement. 

The thickness of semi-rigid base coarse designed 
by. rigid pavement design methods is . at times even . higher 
than the thickness designed by a flexible .pavement . design 

method. As an example thickness of a 9011-c ment base course 
by Westergaard method of rigid pavement design works out to 

about 60 an (24 inches) when the flexural strength of 
material is 3,5 Kg/& (50 psi) , . subgrade modulus 2.75 Kg/& 
(100 p ei) for a wheel load of 4050 Kg (9000 lbs) . However in 
practice a base-course thickness of l5cm (6 inches) has been 
reported to be adequate to carry the wheel load under these 
ecnditicas(5)  . Therefore it seems that rigid pavement design 
methods may not be directly applicable for the `design of 
semi-rigid pavements. Further analysis of combined stresses 
due to wheel load and temperature changes used careful 
consideration in the case of semi-rigid pavements as these 
are likely to be different from rigid pavements. Further 

f ormati cep of shrinkage cracks in semi-rigid pavements and 
the subsequent behavi oa r of the slabs under varying climatic 
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and traffic conditions are difficult to be predicted 
or evaluated thus making the analysis complicated. Thus 
it may be seen that the design of sesmi-rigid pavements 
cannot be fully based either on a flexible pavement design 
approach or a rigid pavement design approach. This is also 
because of the fact that the behaviour of semi-rigid pavements 

laid over soil subgrade under repeated application of loads 
has not been fully established. In other words the fatigue 

behaviour of semi-rigid pavements have not been Holly 
evaluated. It is also possible that the fatigue behaviour 

of different materials failing in the category of semi-rigid 
pavement materials may have different fatigue behaviour. 

Hence it is necessary to investigate and arrive at suitable 
methods for the analysis and design of semi-rigid pavements. 

1.3 REVIEW OF LITER RH. 

1.3.1 Introduction s 

There has not - been an accepted method of design 
or analysis for semi-rigid pavements. Of the various types 

of semi-rigid pavements that may be crostruoted, soil.-cement 
is the most commonly adopted material and hence considerable 

investigations have been carried out as this material with 

a view to design the base-course thinness. 

The conventional method for the design of semi-
rigid pavements are made In two steps. In the first step 
the mix is designed to fulfil certain criterion of strength 
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or durability or both. In the case of soil-cement there 
are some standerised methods of mix design whereas for 
other semi-rigid materials there are no standard methods 
upto this time. The second step Is the thickness design 
of the semi-rigid base-ccnrse material.. The thickness require-
ment is generally decided by a conventional flexible pavement 

design method and at times suitable modifications in the 

evaluated thickness values are allowed based on experience. 

There have also been attempts to design the base-coarse based 
on Mastic layer System theory, Westergaard theory and by 
certain empirical approaches. 

1.3.2 Thickness Design by Flexible Pavement Design 

Xethods s 

GIs discussed earlier the first step in the design 
is the design of mix so as to ftl fit the prescribed require" 

ments. Soilwcement mix is commonly designed by PCA mix 
design method which considers durability in prescribing 
a design criteria. The durability test consisting of wet-dry 

and freeze-thaw tests have been standardised by AS14. Soil.' 
cement mix is also designed by the.. British method which is 

mainly based on a compressive strength requirement after 
7 days curing. However, standard methods of test and design 
specifications are not available for other semirigid 
materials such as soil-lime-f"lyash and Pozzalanic concrete. 
Whatever be the mix design method the main objective seems 
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to be to - obtain a mix which is durable and strong e©aigh 
to be considered equivalent to the granular base-coarse. 

The various thickness design approaches which consider 
soil-cement as flexible pavement layer are given below. 

u. s. Corps of Engineers Method $ 
The U.S. Corps of Ingineers treats soil-cement 

as a flexible material and the soil-cement pavements are 
designed using the CBR design procedure). The total 
thickness is determined based cn the CBR value of subgrade 
and the traffic load. The Corps of Bagineers assigned a CBR 
value 50 to 80 to soil-cement mixtures based on service. 
behavi our. 

Some investigators consider- CBR test on soil-
cement inapplicable because of the hard and brittle nature 
of the material. 

Highway Research Board Reca®mendatims s 
The HRB (U. S.) carried cut a nation wide survey 

and based on the results recanmended soil-cement thicknesses 
for various subgrade soils. Generally equal soil-cement 
thinness as granular base thickness is rece mended an good 
quality subgrades, whereas, a soil-cement thickness equal to 
three fourth of the required thickness of granular base-
course may be used oa weaker soils. 

California Highway Department Method s 
The California Highway Department designs cement-

treated bases by means of Hveem Cohesiagneter value and the 
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resistance value of the subgxade. Included also in the 

design are such variables as traffic intensity and 
anticipated wheel loads. The California design manual 
corm ily permits soil-cement thicknesses less than the 
required thickness of granular base{4)  . It is reported that 
using the California design method, the required thickness 
of soil-cement is generally 35-50 % less than that required 

for a granular base. This procedure is notable in that it 

recognizes soil-cement as a ecastractian material that can 
be designed for In the same manner as other ca man paving 

materials like asphalt ccncretet  b)  . For example, a typical, 
reductian would be 1 inch of -class 	l entwt4mated base 
for 1.72 inches of gravel. This large reduction in thickness 
is possible because of the use of processed aggregates, . rigid 

quality ocatrol, and inspecticu during construction,, 
British Practice s 

The British. practice is to caasider soil-cement 
as a flexible .pavement material and to design the thickness 
by a flexible pavement design method. Generally the soil- 
cement mix is designed to have 17.5 Kg/cmg (850 psi) compressive 
strength after 7 days curing, 

The British have also investigated the applicability 

of a method based an shear strength of the subgrade. This 

procedure is applied to subgrades having a strength indepen-
dent of the overburden pressure (i.e., When 4 = O) t . In 
this method the shear strength of the subgrade sari], is 
compared with the maXimum shear stress induced at any depth 
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by a given wheel load and tyro pressure, as determined 
by the theory of elasticity. A thickness of soil-cement 
is selected such that at any depth greater than . the base 
thickness, the induced shear stresses are less than the 
shear strength of the subgrade. This method has proven 
satisfactory for the design of pavements over very. Weak 
subgrades. 

Thickness Design For Equal Load Carrying Capacity 
In Terns of Crushed Staue Base- Course. $ 

The load carrying capacity of sail•eement base 
course for equal deflections is reported to be ccusiderably 
higher than equal thickness' of granular .base-coarse. 
Nassbaun and Larsen(6) made a cobparative study of load 
capacities. at the .PCA Research Laboratories. The ratio 
of thickness of soi]-cen t to granular base was about 
1.5 tines for 10' (4' inches) and about 3.3 times for 
25cm (10 inch) thicknesses for both weak and strong 
subg rades. 

The load capacity of soil•osueut bases was 
evaluated by the Canadian Good Road issociation(0)  by 
collecting data of Benkelnan Bean rebound defleetiaas. 
They found that if a design rebound deflection. of 0.O?5c* 
(0.03 inch) is ccntewplated, aae unit of soil-cement 
base course is affective as nearly 3 units of crushed 
granular base- course, when subgrade has a rebound 
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deflection of 0.2 	(0.08 inch) . Some of the typical 
ratios obtained by there are given below: 

Sabgrade . 	Ratio of depth of crushed gravel to depth 

	

Deflecticn 	of CTB for variotas design deflectic* s. 

cen 	la. 	0.0?5an(0.03in) 0 *1 cm(O.44in) . a.185c~a(o t)5iU) 

	

0.10 .O Gt 	2.1 	- 	- 

	

0.20 Q•"- 	2.9 	. 2.3... 	28 

	

0.40 0.16 	2.8 	2.8 	23 

Design by JKtasti c Layer Theory : 
Sowers and Vesic~l©) showed that the vertical subgrade 

stress values under soil-cement bases were comparable with 
those .ca~guted by elastic two-layer theory. VesicC' ) suggested 
that the Mastic Two.-layer theory is valid only when the 
reinforcing layer possesses an appreciable tensile ,strength 
as -in the case of soil-cent. 

Mitchel and Shen 	that soil-cEEnt 
base caerse thickness may be designed by the Three-layer 
theory, considering the horiza ;tal tensile stress-strain 
at the bottca of soil-cemment layer and a vertical ccnpressive 
strain at tap of subgrade. 

. 1.3.3 Rigid Pavesent Design Approach $ 
Attempts have been made to design semi-rigid 
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pavements using rigid-pavement design approaches also. 
Some Investigators have indicated that rigid pavement 
design methods are suitable for the design of semi-
rigid pavements too, whereas others have indicated that 
they are not suitable as, a thickness reequireaient works 
out to be ccrasideribly high. 

Westergaard' Method s 
Baker and Papazian 2) shoved that the fleaaical 

stress obtained by using Vestergaard and HRiaister 
approaches were almost identical for the same loading 
cmditiazs. Mat calf and Fryman 2) have suggested the 
use of 'Westergaard ec uatic s for .evaluating teasia,e 

_ stresses in soil-cement pave~n®uts. They ccnsidered the 
corner loading cwditiQ as most critic. 

KeyerhofS Method: 
Thickness design of Lime-Flyash aggregate bases 

was investigated by Baranberg(.13) . He suggested the use 
of Maayerhof• theory for ultimate failure of slabs. The 
desired factor of safety may be given based cn fatigue 
studies. 

1.3.4 Thickness Design by &rperimeutal Methods: 
A comprehensive research programme to -develop 

a thickness design procedure for soil-cement pavements 
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was initiated at the PCA laboratories 6)  . The first 
part of the study was in establishing relationship 
between load and deflectiaa for soil-cement slabs by 
plate load tests. The seccnd part was aimed at oval 
of the fatigue properties of the soil•coment.. A best-fit 
straight line -equation was obtained from a naa-dimeo.si©aal 

AK 	a 
1 ogaritbmi c plot of test datat ~~-- VS..—:: . The equatiui. 

P 	h 
was of the fora t 

R 
P 	h 

Where 
A 	the deflection 

= modulus of subgrade reaction 
p = applied pressure. 
a = radius of loaded area 
h 	thickness of Boil-cement base 
aC = a parameter, the ordinate on the best-fit 

a 
line corresponding to an abscissa $ = 1 

.. . # = slgae of regressiau i. to . 

iu*la i,(4) has also suggested a similar design equation. 
Snorting the value. of 40. and p fr©m the best-fit 

line and sloping the design values of A, K, p and a, it 
is possible to find the desired thickness h, of the soil-
cement base, 

9 
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Based on the fatigue study, an equation of 

fatigue fiction was given as = 

 = V N' 
R 

Where 
Re = critical radius of curvature which is 

constant for a given materiel, but varies 

with thickness. 

R = allowable radius of curvature for R► number 
of load appl1.caticros. 

V = factor varying with thickness b of base, 

V 

dimensionless exponent dependent on soil 
type. 

The allowable stress ratio should be determined 
from fatigue studies for any desired number of stress 
repititicns. N. 

1,4 SCOPE OF PRESENT S DT. 

• 1.4.1 Ob3ects 

Design of semi-rigid pavements by flexible. 
pavement design approaches have mainly two drawbacks. 
The first drawback is in the mix design as the mix Is 
assumed to perform in the same manner as the flexible 
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ps ent, materials or the crushed. stone base. Sixes 
designed totally based vn durability criteria are likely 
to cause greater variation with respect to the strength 
and load transmission characteristics of the resulting 
mixes, The ascend drawback is in assuming the gravel 
equivalence during the thickness design process. As 
reviewed abode. same agencies assume the thickness 
requirement of semi-rigid layer to be equivalent to the 
granular base-course, whereas others allow a, reduction 
in thickness based an some gravel equivalence factor. 
Various agencies have suggested different values of this 
factor, some of thus based as performance studies and 
others based an acme strength test results. Further the 
flexible pavement design method itself may be either fhUy 
or partly empirical. This there are difficulties in 
arriving at a rational design approach for semni-rigid 
pavements by flexible pavement design methods. However, 
based as the studies of Bowers and Vesic(lo) and the 
report of Vesic~ the elastic layer theory appears to 
be a probable solutionfor a rational approach in the 
analysis of semi- rigid pavements. 

The recommendations of Metcalf and. Fry dman 
for the use of Westergaard method for analysing soil.' 
cement pavements seems to be worth investigating further, 

Similarly the suggestions of Barenberg(13) for adapting 
Meyerhof ultimate load anhlysis also needs further 
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investigation with a view to arrive at a rational method 

in the design and analysis of semi-rigid pavements. 

In this investigation it is aimed at evaluating 
suitability of the various theoretical approaches for 

the design and analysis of semiu rigid pavements. For 
this purpose the stifftess ratiP F'K is considered 
to be in the range from 100 to 10,000 to represent a wide 

range of semi-rigid pavement materials. The suitability 

of Mastic layer theory, Westergaard0s . analysis and 

Keyerhof% ultimate load analysis for the analysis and 
design of semi-rigid pavements of the above range, was 
the main objective of the study. 

1.4.2 Socks $ 
Wising the &Lastic teo-layer theory, charts were 

prepared for the maximum vertical stress as subgrade 

o-, , flexural, stress due to Interior load Li and maximum 

flexural strain e for various values of Ej f =2 and 
thickness h. These charts can also be used for design 

purpose to limit the values of allowable stresses and 

strains in the base-course layer. There has been ccasi- . 
derable discustion over the deflection critericm in pavement 

design as it is argued that it is more reasonable to 

specify the allowable minimum radius of curvature in a 
pavement slab. Hence the variati oa in the minimum radius 

of curvature R0 in the two layer system due to variation 
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in loading 'characteristics and slab thickness was 
theoretically analysed. The chart for calculating the 
radius of curvature of the two layer system given by 

Odemark(14)  was extended for higher ratios of 	2 
upto 500, using an electronic Cdnputor IBK 1620. The 
theoretically evaluated values, were compared with the 

experimental values of another investigation. 
"Westerggaards exp ressians for load stress of 

pavement slabs are commonly adopted for cement concrete 
slabs. The validity of these expressions for semirigid 
materials having lower values of elastic modulus B„ were 
studied. Charts were prepared for evaluating the load 
stresses due to interior, edge and corner loading for 
various stiffness ratios F/K and varying thicknesses h. 

These charts could also be useful for thickness design by 
adopting appropriate strength values. 

The breaking load for cement concrete pavements 
estimated by elastic theory is reported to be much 
lower than actual values and hence the Meyerhof% ultimate 

load analysis is preferred by se investigators. The 
applicability of Meyerhof analysis for the range of 
semi-rigid materials was studied . Charts were prepared 
for evaluating the flexural stress in slabs of different 

values of E and h. The failure loads estimated 

theoretically by Westergaard and MeyerhoAs methods of 
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analysis were empared with the experimental results 
of another investigation. The results thus obtained were 
critically analysed and a comparative study was made. 



CHAPTER 2 
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CHOOT'TER-2. 
.rWALYSIS BY ELASTIC L1YER TH~}RY. 

2.1 TAFORETI CA QN.ALYSI S $ 
:In the analysis by Lastic Layer theory here 

the two-layer system is being considered, though generally 
semi-rigid pavements fall in the category of three-layer 
system. The. semi-rigid base-course material need a 
bituminous wearing course at the tep and hence the 
pavement system consists of three layers. However, in 

this Country the bituminous wearing course consists of 
a bituminous surface treatment of relatively small 
thickness. The thickness values of these surface courses 

seldom exceed 2 cep in the case of bituminous surface 
dressings and 2.5 as in the case- of bituminous carpet. 
Such a thin bituminous layer cannot be considered to add 
to the structural strength. The bituminous coarse may be 
considered as the first layer of the three-layer system 
only when the bituminous concrete of thicuiess greater 
than 5an is provided over the semi-rigid base-course. 
Hence when thin bituminous surface dressings/ carpet is 
used as a wearing course it is justified to consider the 
pavement' as a two layer system. However, the bituminous 
wearing surface would slightly reduce the stresses in 
the pavement system due to the increase in effective 
loaded area to be considered on the top of the base 
course. 



19. 

In a two-layer system increase in the modular 

ratio j,/Z2 causes considerable reduction in vertical 

stress on the subgrade but at the same time the radial 
tensile stress in the reinforcing layer increases rapidly. 

Thus the design of a two layer system has to take Into 
account the following factors : 

(1) the allowable vertical stress at the subgrade, 
(ii) the allowable flexural stress under the pavement 

slab. 
(iii) the allowable deflection of the slab. 

( iv) the allowable maximum tensile strain of the slab. 

The tensile strain is dependent at the, flexural 
stress and the radius of curvature of the slab and the 

slab thi dcness. The radius of curvature is likely to be 

influenced by the maximomum deflection, loaded area and 

the values of elastic modulus of the two layers.. In a 
0 

seam-rigid pavement where the modular ratio is fairly 

high ( as compared to flexible pavements) the governing 

factor for the design would be. the flexural stress or the 

tensile strain and not the vertical subgrade stress. 

Ivaluatian of Stresses!  Strains and Deflections s 

The common range of modular ratios in the case 

of soil-cement base coarse have been reported(10,11) to  

be 100 to 200. Taking into consideration the possibility 

of having base-courses of higher rigidity, the range of 

21/12  considered in this Investigation was from 100 to 
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For a design. wheel load of 4100 leg (axle load 

of 8200 Kg or 18000 lbs) and an average tyre pressure 

of 5.8 Kg/ems (commonly applied tyre pressure in track 

t=ree), the radius of equivalent circular contact area 

works out to lbcu. Uen ee the vertical subgrade pressure 

(o) expressed as a ratio of contact pressure (p) was 

evaluated fOr.varioas ,mo filar ratios and slab tbidkness 

values C h) ranging from 10 to 30 an making Use of the 

charts given by Fox(15) . _ Figure 1 shows variati an in 

vertical subgrade pressure o with slab thickness for 

modular ratio E1/E2' equal to 100, . 200, 300 and 500. 

Figure 2 shows the relationship between the 

flexural stress (06) at the bottom of the slab expressed 

in terms of contact pressure (p) U*  e., % /p ) and slab 

thic mess h for various modular ratios E1/K2  equal to 

100, 200, 300 and 500 for a = 15 an. These charts have 
( been obtained from the charts presented by adesnaii 14)  . 

Fran Figure 1 and 2 it is seen that both the vertical 

stress and flexural stress decrease with increase in slab 
thic ess. Thais it is possible to find vertical subgrade 

stress and flexural stress in the slab for any slab 

thickness h for the design wheel load of 4100 Kg and 

a = l5cm provided Fl  /82 of the two layer system is knc n. 

I f the allowable values of the stresses with material 
are decided, it is possible to make use of these charts 
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directly for finding slab thickness required for the 

design wheel load. 
The tensile strain in the slab depend upon 

slab thickness and deflection under a certain loaded 
area. The tensile strain under the se ►i-rigid slab is 
also a factor to be considered is the design. Hance the 

maximum tensile strain (e) under the design load (a = 15cm 
for varying slab thicknesses were calculated for different 

11/32  ratios and deflection levels making use of the 
tables of combined car7ature-. deflection fnncticn(16) 

in terms of E1/E2 , q/h , poi.sscns ratio of pavement 

layer land poissians ratio of lower layer2, 
derived from the analyses of Bumister and Od©mark. 
Figure 3 shows the relationship between tensile strain e 
and slab thickness h for . /H2  100 and 200 at deflec.• 
tica levels (A) of 0.01., 0.03, 0.05 and 0.1. cM. The 

principle of obtaining such a chart has been illustrated 
in Appendix-I. This chart is tbts useful to find the 
strain for any desired slab thickness and a given set 
Of values of 21/$2 and deflection (A) for the design 
load (a = 15 an). The chart can also be usefal for 

estimating the thickness requirement of the slab for 
any allowable strain value in a certain case. it may be 

seen that in most of the cases there is no noteworthy 
change in the magnitude of the strain by ranging the slab 
thickness, if the deflection value is mentioned constant. 
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This is a very useful observation which ,indicates 
that a deflection criterion is 3ustified for the design 
of such slabs. 

The deflection values under the design wheel 
load ( P = 4100 leg, a = 15em) were calculated for various 
values of slab thicknesses.. h, subgrade modulus E2. and 
varying ratios of F1/E2 using Harmister two-layer theory. 
Figure 4 . shows such a chart of deflection values for FS/Ts. 
values varying from 20 to 500 and thickness values ranging 
from 10 to 30cm. This chart . will be of use for finding the 
deflection of a given slab, for estimating the slab 
thickness for limiting the deflection to any desired 
value. 

Tvaluti cn of Radius of Curvature: 

As indicated, earlier the radius of curvature is 
considered to be a morereliable measure of stress. and 
strain conditions of a slab subjected to a certain load. 
Larsen, Nussbaum and Colleq(16)  consider the minimum 
radius at which the specimen falls under the static load 
as a measure of flexural strength. Hence it was decided 
to find the radius of curvature of slabs of different 
thickness and modular ratio when sab3ected to a certain 
design load. Odemarkt14)  has given the function FR  for 
the radius of curvature, for modular ratios E1/E2  equal 
to 2 to 100 for varicus !/a ratios. Since semi-rigid 
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pavements are considered to have I,/ R2 values ranging 
upto 500, it was first decided to extend chart for E /FEZ 
values between 100 and 500. 

The equations used in analysing the values of 
the minimum radius of curvature Ro are given below: 

R . o VF x 	.••- 	(2.1) p 

Where 
Ro = minima 	radius of curvature. 
a - radius of loaded area. 
F1 M modulus of Rlasticity of soil•CMM- t 

layer. 
p = applied pressure 
FR = a function given as 

E2 
FR -..--. 	. a Fi 	 (2.2)  

RJ. 

Here 	E a modulus of elasticity of subgrade 
• Fi a function depending upon !a/a and 

/E2 ratios and is given as. 
1. 

Fi =     1 	,. .- ( 2.3) 

('pg E1 
+ (Ma) 

(l 	2)/2 

1+4"% 
V 0.9xWa 
~►~= ~0.9xb/axa 	R2 

Where 	h s thickness of pavement layer. 
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?..a Experimental Verification : 
The theoretical values obtained in this 

investigation have been ccatpared with score of the 
experimental results of another investigati tn(17) . 
carried out in the university using soil-cement slabs. 

The values of BI/ER  for the soil-cement slabs 
reported here were evaluated using 8armi.ster' approach. 
Using a set of dial gauges the deflection profile of the 
slabs were obtained for different loading conditions upto 
loads corresponding to ultimate failure of slabs. The 
flexural .strength of these slabs was determined by testing 

beams which were sawn out from the slabs. 
Using the observations of the 'above investigation 

on soil cement , four slabs of thiclmesses 8, 10, 12 and 
l5an were selected. Deflection profiles were drawn for 
various load values and the minimum radius of curvature 
Ro  of the each slab was found graphically in each case. 
The experimental values (obtained from these tests) of 
deflection, Strain, minimum radius of curvature and 

flexural stress were ecepared with theoretically calculated 
values. 

Deflection s 

The value of load required on 30 cm diameter plate 
to produce 0.05c deflection were noted for the four slabs 
(cement-content 8 %) of thicknesses 8, 10, 12 and 15 an. 
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pavements are considered to have I,/ £2 values ranging 

upto 540, it was first decided to extend chart for E /F 2 

values between 100 and 500. 
The equati cn s used In analysing the values of 

the minimum radius of curvature Ro are given below : 

4 ~,~ 
Ro = 4 B,a xFH 	-... 	(2.1) 

3p 

Where 
Ro = minimum radius of curvature, 
a 	= radius of loaded area. 

= modulus of Elasticity of soil cement 
layer. 

p 	= applied pressure 
FR = a f m eti cu given as 

FR = -- 2-- x Fi 	-•- 	(2.2) 

Here E2 = modulus of elasticity of subgrade 
• Fi = a function depending upon !/a and 

F.2/E2 ratios and is given as. 

1 	 ---(2.3) 

 
25/s 

1+4~,s 

\, *0.9Xh/a 
= 0.9 x k/a x 9 	F2 

Where h = thickness of pavement layer, 
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In order to extend the existing plot given by 

Odemark(14) , for E1/E2 values ranging from 100 to 50+0 
the main variable required to be found cat is the 

unction FR. A ccmputor programme was prepared for this 

function and fed into the electronic Camputor IBM 1620. 

The Car ton' programme as veil as the table showing the 
values of the FR. for various &1/E2 and 1/a ratios are 

given in the appendix II. 
For any given value of Wa ..and 1 E2 the Qglue 

of the iunctiou FR can be found cut using the table 
( Appendix ...• II) . Using this function the value of the 

minimum radius of curvature R. can be easily calculated 

using the Squatitn 2.1. 

The variation of theoretical values of minimum 
radius Ro with variatiai in contact pressure p for various 

El /E2 and h/a ratios and 	E2 values were graphically 
rep resented. Some of the graphs obtained (Ro vs p ) for 

k/ a = 1 and El /E2 = 100, 200, 300 for various E2 

values are shown in -Figures 5, 6 and 7. These figures 
can ' be used to determine the theoretical vales of Ro in 
a two layer system for a given set of values of l~/a , 
El/E2 and E2 for a given contact pressure p of the 
applied load. Figure $9 shows the variation of Ro . with 
slab thickness h for Fl/B2 = 100, El = 7000 l:gf ans, 
p = 5.8 Kg/ceps and a =. iSan. -It is seen that the value 
of Ro increases with h, other factors remaining unaltered. 
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z.2 Experimental Verification 
The theoretical values obtained in this 

investigaticn. have been ccElpared with same of the 
experimental results of another investigaticn(1?) . 
carried out in the university using soil-cement slabs. 

The values of Ej/E2  for the soil-cement slabs 
reported here were evaluated using Harmister4 approach. 
Using a set. of dial gauges the deflection, profile of the 
slabs were obtained for different .loading conditions upto 
loads corrospcnding to ultimate failure of slabs. The 
flexural strength of these slabs was determined by testing 
beams which were sawn out from the slabs. 

Wring the observations of the 'above investigation 
an soil-cement , four slabs of thicicnesses 8, 10, 12 and 
15cm were selected. Deflection profiles were drawn for 
various load values and the minimum radius of curvature 
Ro  of  the each slab was found graphically in each case. 
The experimental values (obtained fran these tests) of 
deflectiai, Strain, miiasinum radius of curvature and 

flexural stress were cc*npared with theoretically calculated 
values. 

Deflection : 

The value of load required on 30 an diameter plate 
to pro ice 0.O6an deflectiai were noted for the four slabs 

( cement-caitent 8 %) of thicknesses 8, 10, 12 and 15 em. 



The theoretical values of deflection at the above 
load values were computed using Thin istei4 two-layer 
theory. The deflection and load values corresponding to 
ultimate failure of slabs due to interior loading (When 
cracks were formed at the tap surface of the slab) were 
noted and the theoretical values of deflection were also 
evaluated corrospanding to the failure loads. The loads 
at 0.05 cm deflection were only a fraction of the ultimate 
load ca *ing failure. The experimental and theoretical 
values of deflection for the four slabs are given below 
in Table 2.1 for ccmparisen. 

TABLE 2.1 
Camparisoa of Experimental and Theoretical Values of 
Deflection in 3oil•Cement Slabs, 

Si. Ratio of load 	Deflection Deflectiaa at 
Mo. corresponding to 	 failure 

0.05cm deflection 
to ultimate load. Actual Theorem. Actual Theoretical 

ti cal 
an 	an 	cm 	an 

1 	0.140 0,05 0.448 0.33 0.28 

2 	0.3400 0.05 0.047 0.38 0.28 

3 	0.330 0.05 0.051 0.94 0.22 

4 	0.339 0005 0.042 0.25 048 



It may be seen that the load applied at 0.05cm 
deflectiaa is only about 30 percent or less of the 
ultimate load corrsspcnding to failure conditions. 

Hence these loads applied may be ccnsidered well within 
the elastic limits of the slab. It may be seen from columns 
3 and 4 of Table 2.1 that the theoretical and experimental 
values of deflection quite closely tally with each,  other. 

However, at failure loads the theoretical deflections 

(column 5 and 6) are found to be ecnsiderably lower 
than the experimental values of deflection. The higher 

values of observed deflection at failure may be explained 
as given below. 

When the load an the plate at the interior, of the 
slab is increased, first failure starts from the bottom 
of the slab at the, subgrade interface by forming fine 
cracks starting from bottom. At this stage cracking is 
not visible from top whereas deflection increases rapidly 
with frther increase in load. Thus higher values of 
observed deflection are obtained as the loads are 
increased upto the stage when the cracks are visible at 
the tvp. 

Minimum Radius of Curvature : 
The deflection profile of the slabs for various 

loads were plotted as shown in Figure 8 from the deflected 
shape of slab the minimum radius of curvature corresponding 



to various values of contact pressure were graphically 
obtained. The values of minimum radius Ro t hu s 
experimentally determined for soil-cement slabs were 
found to be much lower than the theoretically determined 
values, of Ro for identical canditi ans (of Fj/E2.  , la/a 
and $2). The variation of minimum radius Ro  with 

caatact . pressure p obtained for two of the slabs have 
been plotted in Figures 5 and 7 for cc,nparisc a with the 
theoretical values, The probable reason for lower value 
of Ro in the soil-cement slabs is that the material has 

been canparatively more flexible with respect lab the 

high modular ratio determined based on maximum deflection 
criterion. It is also possible that Hurmistex 
two-layer theory Is not applicable for the analysis 
of soil-cement slabs. The value of minimum radius of 
curvature at failure determined experimentally for the 
fair slabs mentioned above have been given in Table- 2.2 
below along with the theoretically determined values for 
catnparis cn which shows a considerable difference between 
the two set of values. 

Strain at Failure s 

The strain at failure of the slabs were 
determined from the minimum radius of curvature at failure 

using the relation s 

h e f 
 = 2B0 

0 



Where 
of = failure strain in flexure 
h = slab thickness 
Re  = minimum radius of curvature at failure. 
The experimentally determined values of minimum 

radius of curvature at failure were substituted to get 
the experimental failure strain'. values. Similarly, the 
theoretically evaluated values of minimum radius at 
failure were substituted to evaluate, theoretical failure 
strain values. As the theoretical values of minimum radius 
are higher than experimental values, the theoretical strain 
values are lower than the experimental. values. , The theoretic. 
cal and experimental values obtained for the fear slabs have 
been compared in Table 2.3. 

Table. 2.2 
Caipariscn of Theoretical and Experimental values of. 
Minimum radius of Curvature at . failure in 3cd.1-Cement Slabs. 

31.N o. 	Minimum Radius at failure, l0s  an 
BX erim®nt ally 	Theoretically determined 
determined fran 	by Two-layer theory. 
deflection profile. 

1 	1.? 	 3.54 
2 	2.1 	 4.40 
3 	2.6 	 10.10 
4 	3.0 	 11.45 
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Table 2.3 
Catnpariscn of Experimental and Theoretical values of 
Strain at Failure in Soil- Cement Sllabs. 

Sl. No 	 Failure Strain 
Exp erimental 	Theoretical 

1 	0.00236 	0.00113 

2 	0.00238 	O. OQ113 

3 	0.00230 	0.00060 

4 	0.00250 	000O70 

Flexural Stress s 
The theoreticalvalues of flexural stress for 

the for slabs were determined for the loads corresponding 
to 0.05 cm defleaticn as before. The flexural stress 
values were calculated using the charts given by 
0demark(14)  . Table 2.4 gives the values of flexural 
stress calculated for the four slabs and the flexural 
strength values found experimentally for these slabs. 

It may be seen that for Slab 1 the applied load 
is cnly 0.14 of the ultimate load and the flexural stress 
by two layer theory was 9.46 I.g/eas  whereas the actual 
flexural strength of the slab was ceLly 6.8 Kg/ ana l 
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Similarly in other slabs too it may be seen t that the 
theoretical floral stress values exceeded flexural 
strength values of soil cement in all the four cases 
though the applied load was only a fraction of the ultimate 
load. This means that the flexural stress values ford 

from two layer theory are much higher than the actual 
flexural stress. found in soil-cement slabs. This is 
contrary to the minimum radius of curvature and failure 

strain evaluated by the two-layer theory. Hence forther, 
research is needed to verify the validity of various 
aspects of the two—layer theory before being used for 
semi -rigid pavement design. 

Table 2.4 
Comparison of Theoretical. flexural Stress with Ei eriment al 
Flexural Strength for Soil.. Cement Slabs. 

Sl.N8. Ratio of Load Flexural Stress actual flexural. 
applied to 	by twoolayer 	Strength determined 
failure load, theory 	~erimentilly. 

Kg/ cm .. 	Was. 

1. 	0.140 	9.46 	6.8 

2 	0.240 	11.00 	6.6 

3 	0.30 	9.78 	6.9 

4 	4.339 	9.78 	6.5 



CHAPTER 3 
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CHAPTER-3 
£4LYSI3 BY WESTERGUR1 THROW 

3.1 THEDR :TI C/AL i LYSIS s 

'Westergaard "analysis is generally used in the. 

analysis of stresses in the rigid pavements at the 
Interior, edge and corner regions. The application of 
Westergaard theory for semi-rigid pavements has been a 
controversial issue. Whereas Mitchel and Frietag( 5) have 
indicated that the thickness requirement by Westergaard  
analysis in soil-cement will work out to be verysu ch a i 

the higher side than the flexible pavement design approach, 
Hog st ran, Chambers and Eg en st en s(  l s)  have indicated the 

application of Westergaard s theory for the design of 
flexible pavements.- ( bituminous concrete). Baker and 
Papazian(12) have compared flexural stress obtained by 

Westergaard and Harmister approaches for the same loading 
conditions and pavement thicknesses and have reported that 

the stresses were practically the same by the two methods. 
These reports indicate the possibility of the application. 
of Westergaard analysis In the design and analysis of 
soil-cement pavements also. Hence it was decided to 
investigate the application and limitations of 
Westergaards theory for semi-rigid pavements. Metcoif 
and FrydFnan(2)  have also suggested the use of iestergaard 
analysis in soil-cement base. course design for a certain 
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range of tensile strength values. He considered corner 
load stresses to be the most. critical one for the 
analysis. However it is known that the edge load stresses 
may exceed corner load stresses under certain ecn►diti©ns. 
Hence it was decided to investigate the critical loading 
condition for a range of relative stiffness values of the 
serii.rigid.  pavements. 

1estergaard's radius of tkelative stiffness value 
is also caalsidered(12)  as "stiffness ratio", which is a 

ratio of resistance offered by the slab to the resistance 
offered by the subgrade. The stiffness ratio is represented 
by SZ/K where Sl  Is the elastic modulus of.  the slab and K 
is 'Vestergaar& modulus of subgrade reactica. This stiffness 
ratio E1/K is also emsidered by Baker and Papazian(12)  to 
be similar to Burmisters ratio B/Tn 

Considering the variation that may be anticipated 
in the B1  values of the semi-rigid base-courses and the 
K value of soil.subgrade, the stiffness ratio E1jK 
considered in this investigation range from 300 to 5000:. 
The load stresses for the Interior, edge and corner 
load positions were calculated for different B1/S 
values and various values of slab - thicknesses, h. The 
stress values were expressed as a .ratio of contact 
pressure p. 

Figure 10 shows the relationship between stress 
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. values represented as a ratio of contact pressure 

and the slab thickness h for E1j1C ratios 300, 500, 
1500 and 5000 and loading at interior, edge and comer. 

As may be expected the. general trend has been a redaction 

in. stress with Increase in slab thickness. However, it 
is seen that at lower range of E1/K ratios a peak in the 

stress curve is obtained indicating that with increase 
_ in slab thickness, stress first increases and then shows 

a decrease in trend. The valve of slab thicknesses 

corresponding to maximum stress for a particular ratio 
Of 31/K is found cut. to be different for the different 
loading conditions such as interior, edge and comer. 
As an example for Es/K ratio equal to 300 the maximum 
stress for.  interior loading occurs at 12a, for edge 
loading at 14.5 an and corner loading at slab thickness 
greater than 30 em. The maximum stress due to edge loading 
for /K equal to 300 occurs at slab thickness 14.5cs, 
for R/k 500 at 13.5 an and for C 150 at ll an.. 
However, it is not logical to expect a redo ct ica in 
stress if the slab thickness is reduced below the values 

indicated by the peak stress in these carves. As for 
example for F(K equal to 300 the stress ratio due to 
edge load at 30, 20, 14.5 and 8 cros slab thickness are 

(Figure 9) 0.64, 0.86, 1.14 and 0.74 respectively. In 
this case as the slab thickness decreases from 14.5 to 
8 an stress ratio also decreases from 1.14 to 0.74 as per 
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the Westergaard analysis. The ally a planaticri that 

can be given for this type of variation is that the 
theory is not applicable for finding the edge load 
stresses for YX  value less than 300, 'When► the slab 

thickness Is less than 14.5 an for the assumed loading 

ccnditicn (edge load, a = . l5an) . The general finding of 
this fnvestigatiai is that Westergaard~s analysis is 

applicable for low I /K ratios only when the thickness 
of the slab is greater than the minimum value which is 

indicated by the summit of the stress vs thickness curves. 

At low E,/K ratios the minimum thickness needed by the 

corner load formula to be applicable is higher than that 
for edge load formula. The minimum thickness requirement 
for any particular El/IK value is lowest for interior 
load fosmnla. 

Another important observati cn of the analysis 
(Figure 9) is that for a range of FZ/K values 300 to 

1500, the edge load stresses are highest followed by 
corner and then by interior load stresses for a ccnsi.• 

derable range of slab thickness values. However, the 
stress curves for edge, corner and interior loadings 

cross each other (for any particular E/K ratio) at 

certain thickness values. At 4/K equal to 300 for the 

thickness range 20 to 30 an the edge load stresses are 

the highest and the corner load stresses are the lowest; 



36. 

the interior load stresses fall in between the two. 
it :.for thickness values less than 19cm the interior 

load stresses are the highest. However, at high range 
of II/K in the range of 1500 to 5000 the edge load 
stresses are the highest and the interior load stresses 
are the lowest; whereas the corner load stresses fall In 
the intermediate range. In the .case of rigid pavments 
with very high value of E/8, corner lead stresses 
becanes most critical in a ecusiderable range of 
thickness values. 

In semi-rigid pavements with E1/IC values 
ranging from 300 to 5000 the corresponding base-canrse 
thicknesses will also be higher with decreasing stiffness 
ratios. , ,s such it may be stated that within this range 
the most critical ccnditici of loading is the edge load. 
Hence the design and analysis of semi.-rigid pavements by 
Westergaard analysis may be carried nut using Westergaard 
edge load stress equaticn. This finding is cco,trary to the 
argument given by Metcalf and Frydman~ 2) that the corner 
load stresses are more critical, for the .analysis of 
tensile stresses In stabilised soil-cement pavements. 

As the edge loading is found to be the critical 
cne for semi-rigid pavements., it is suggested that stress 
analysis and base-course thickness design may be carried 

it curly for the edge-load ccriditiapt.. This is further 
justified because of the fact that in semi-rigid pavements 
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expansicn and contraction Joints are not provided and 

as such a comer.load cozditicti does not exist. Even if 

the shrinkage cracks formed across the pavement slabs 
are through cracks, the Interlocking that exists between 

the two p orticn are considerable that a corner loading 
condition seldom occurs. The curves given in Figure 11 
may be used for evaluating the edge load stresses and 
for estimating the thickness requirements for any allowable 

stress,, for the range of semi- rigid materials with E'/K 

ratios 100 to 109 000 and base course thickness values upto 

30 cm. 

3. 2 El~P REM 11 TL VEAI FI C,ITION : 

The experimental values of the tests ccznducted 
on the four slabs referred to in article 2.2 were analysed 
using iestergaard~s theory for comparison with the theoretical 

values. For the plate load tests In the interior region the 
maximum deflection was calculated using the following 
relation given by Westergaard : 

P 
(3.1) 

Where 
&i = Maximum deflection at interior. 
P = Total load applied cn the plate. 
K = Modulus of subgrade reaction. 
~. 

 
= radius of relative stiffness. 
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Here Bl = elastic modulus of pavement layer 
h = pavement thickness. 
ul = Poisscnt ratio of pavement layer. 

The load applied P in the experiment was limited 

to that corresp aiding to 0.05 an defl ect i cxn. The flexural 

stress at the interior due to the plate load was calculated. 
using the following iestergaard' equation : 

0.3161' 
e _ — a~--- 4 l og1 0 b + 1.069 	_- • (3.3} 

Where b = equivalent radius of resisting sectiai. 
The ratio of the plate load to be ultimate load 

and the flexural stress values of the slabs were also 
determined as before. The results obtained are given in 
the table 3.1 below s 

Table 3.1 
.dialysis by Westergaard's Theory for Interior Loading. 

S. N 0. Load Ratio Maxì  Actual Flexural Flexural 
applied of load defle_ defle- by Wester Strength 
for 0.O5cgn applied ctian byctirn gaarc 
deflectica 

Kg, 
to fai. Weste~ . 
lure gaarcfs an. 

theor'y, 
Kg/em 

Kg: an na 

load. theory 
cm. 

1 1420 0.140 0.1550 0.+05 7.48 6.8 
2 9400 0.24 0.1536 0.05 8.58 6.6 
3 2'150 +0.330 0.1610 0.45 7.88 6.9 
4 3180 0.339 0.1125 0.45 7.95 6.51 
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The deflection values calculated by Westergaard 
analysis for interior loading as may be .seen from the 

above table are much higher (about 3 times) than the 
experimental valves. Similarly the stress values evaluated 
also appear to be on higher side than the actual st res s 
values because the calculated stress in all the fair cases 
exceed the flexural. strength values, though the applied 
load was only 0.14 to 0.339 of the failure load.. Hence 
if the stresses 	d are calculated at failure load 
values, stresses would have been several times higher 
than the actual strength values. The above observation 
indicate that the deflection and load stress values 
calculated by Westergaard S theory for interior loading 
are higher than the actual values in the case of soil- 
cement pavements. Hence thickness design of base-course 

by Westergaarc theory would be over safe or too ecnser-
vative. However, the stress values estimated by Westergaard 

theory, for the interior loading are lower than those 
found by Bu misters two layer theory (Refer tables 2.4 
and 3.1 ). 

It was shown theoretically In article 3.1 that 
the edge loading is the most critical condition of the 
three load positions. Hence the theoretical values of 
deflection and load stress for edge loading were also 
compared with the experimental values for the four slabs. 
Here again the load values corresponding to 0.05 deflection 
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at the edge of the slab were considered for the 
calculation of edge load stress e and maximum 
deflecticzi of edge oe ' by the Westergaard theory. 

The maximum deflection due to edge load was 
calculated using the following relati s 

• /::2 + 1*2u~ 	 a ©e = P x 	1 ,(0. ?6+ 0.4 u) --- 
E h3K 	1 1 

The edge load stress were determined using 
Westergaar stress equation given below : 

0.572P 	1 
e _ -----a ~— 4 log 10 — + 0.359 	..., 	(3.5 

h 	 b 

The calculated values alcngwith the experimental 
values are reported in Table 3.2. 

Table 3.2 
Analysis by Westergaard theory for Edge loading 

81.. Load Ratio of Xaxm 	Actual F1 exural 	Piexaral 
go. applied applied deflec• defle stress by Strength 

for 0.05aa load to tiara by etion Wester- 
deflection failure 'Wester~ gaard 	• 	Kem 2 

Kg. load. gaard 	an. theory 
theory Kg/ an 
an 

1 	920 0.29 0.0565 ' 0.05 2.97 6.8 
2 	990 0,28 0;0468 0.05 2.83 6.6  
3 	1070 0.2 0.0968 005 3.97 6.9 
4 	1910 0.34 0.1 CBO 0.05 5.31 6.5 

Io~S~G 
r t 	. 
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The calculated values of deflection due to 

edge load have closely tallied with the experimental 

values in two eases, whereas in the other two cases 

the deflection values calculated by Westergaard theory 

are higher by 90 to 100 percent of the actual defleeti on. 

However, the deflection values for edge loading have 

tallied better. with the experimental values than those 

for interior loading. Similarly the stress values 

calculated by Westergaard theory are all less than the 
strength values. In the case of slab 1 the stress is 

1 	 2.97 Kg/an2  when the load applied is 0.29 of the failure 
load and the strength is 6.8 Kg/' as2. This indicates that 

at failure load the calculated edge load stress would 

have exceeded the strength value by about 26 percent 

of the strength value. Hence it may be stated that the 

calculated value of edge load stress is only slightly 
higher than the actual value but is within reasonable 

limits. Design of semi-rigid pavements for edge load 

conditi are is more justified and th s the use of 

Westergaard theory for the design seems to be reasonable 

though the design will be still conservative. For 

thicker slabs as in the case of slab no. 4 the estimated 

value of stress seems to be much higher than the actual 

stress. Hence due ccaisideratien has to be given in the 
design keeping this point in view and also the fatigue 
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aspect of the matarial. The real problemn of thickness 
design of semi-rigid pavements can be solved only after 
thorough investigatl as an fatigue behavi cnr of these 
materials, to decide the necessary factor of safety. 



CHAPTER 4 
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4 ANALYSIS BY NEYERHOP S THEORY 

4.1 TEED RETI CAL ALYSIS : 
It has been shown(19) in various investigations 

that the failure load estimated by westergaardls analysis 
in the case of rigid pavements are much lower than the 
actual values. Meyerhof% analysis is based cc the 
ultimate failure of slabs aswning a certain pattern 

of yield line failure. Bare~b~xrg{ 133 suggested the use 
of Meyerhoi analysis for the design of semirigid 
pavements .emsisting of lime•flyasb aggregate bases. In 
some of the previous investigations carried out oa soil-  
cement slabs ( in the Highway Engineering laboratory, 
University of Roorkee) it was reported that the crack 
patterns of the slabs failed under plate loads at 
interior and edge regicsx.s were saaewhat similar to those 
assumed by Meyerhof. Hence it was decided to study the 
possibility of adopting Me*erhofts theory for the analysis 
of semi-rigid pavements. 

The failure loads were calculated in terms of the 
flexural strength (P/f) for various values of E3/K ratios 
(ranging fray 100 to 10,000) and various thickness (h) 
values for the interior, edge and corner loads. Table 4.1 
gives the values of ultimate load is terms of fleaurat 
strength for the interior, edge and corner loadings 
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Pi 	P  
( ---~- , --L 	

P c 
- , ------) for Tr/K equal to 100, the lowest 

f f f 
value in the range. 

Table 4.1 

Theoretical Values of Failure Load at Interior, Edge. 
and Comer Regicns by Meyerhof Theory. 

$/K Slab 	B' .. 	7Mo h2 j.:L 4WMo 	Pe (4+v)Mo Pc _ 4Mm 
ness 	12(1 2)x6 f f(l- ~) f f'(1- 	) f 	f(1- 

8 

10 

100 12 
15 

20 

30 

It is found that the corner load equation is 

not applicable for low values of Ft/IC (of about 100) . The 

]P /f values are found to be negetive for a considerable 

range of thickness values. As the thickness value increases, 

the radius of relative stifftiess also increases as may be 

seen from the columns 2 and 3 of Table 4.1. When the value 
of 4 1' becomes equal to the value of radius of loaded 

area ' a' , the failure load Pc for the corner becomes 
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infinity as Pc  is given by the equation $ 

4M0  

C 	(1 -.--.-- 
(4.1) 

f h2 
Here 	Igo 	Bending moment, 	

6 

Here 	f 
	fiexural strength 

h = slab thinness 

When the value of it further Increases, the 

value of '' r also increases with the result the failure 
load at corner decreases upto a certain limit of thickness 

value h. Hence it may be concluded that the corner load 
formula of )Ieyerhof's -theory Is not applicable for s=i- 
rigid paTeMents with loon 31/K ratios, particularly when 
the slab thickness values are below certain values, 
depending upon 11/K ratio. 

Figure 12 shows the variationn in P/f Values 

with slab thickness h, plotted for Hl/K equal to 500 
and 2500 for the interior, edge and corner regicns for 
a = 15an. Here also it is obvious that for Es/K equal to , 

500 the comer load formula is not applicable for slab 

thickness mess less than l?cm ( as the failure load increases 

with decrease in slab thickness in this range). 

The edge load equation has also similar limitation 

as discussed above it for a smaller range of thickness values 

as may be seem from Table 4.1 and Figure 12. For E1/K equal 



46. 

to 500 the edge load equation is not applicable only 
if the slab thickness is less than loan. From Figure 12 
It is evident that for higher F~/K values of 2500 the 
critical condition of loading however, is the coiner 
loading. 

Variation of P/f values for interior, edge 
and corner regi©ns with increase In 1/, values from 
100 to 50M are shown in Figure 13 for a slab thickness 

h = 15cm and radius of loaded area a = 15cm. From this 
figure it is obvious that for a a 15cm and h a 15cm the 
edge load condition is most critical for F1fK value upto 
900; for Sl/K values above 900 the failure load at the 
corner region becomes the lowest. 

From the above discussion it may be ccrzcluded 
that for design of semi-rigid base-courses it is 
reasonable to cc cider the ultimate failure load for 

edge load ccnditical keeping in view the limitations of 

the edge load formula for a certain range of thickness 
values. This is also due to the fact that the failure 
load at interior is the highest in all cases. Further the 
corner loading conditions seldom occurs in simti-rigid 
base-courses because through Joints such ads expansion 
Joints in cement concrete pavements, are not .provided In 
semirigid base courses. 

The edge load values (interms of flexural 
strength, i.e. Pe/ f -) for various I /K values ranging 
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from 100 to 10,000 have been graphically represented 

in Figure 14 for vari cu s values of slab thickness h. 

This figure can thus be useftil either as a chart for 

stress analysis or for thickness design by Meyerbof 

theory for edge loading. For a slab of given values of 

h and E1/$ it. is possible to find the stress corres- 
p cnding to an edge load Pe. Similarly for any desing 

vhfel load Pe  and allowable flexural stress f, it is 
possible to design the required slab thickness h for a 
known T,/I( ratio. The portion of the curves k sho by 

dotted lines, for El/ 	100, 3000  500 In Figure 114 are 
the range of thickness values In which the formula is not 
applicable for the analysis. It is seen that for higher 
ratios , of Er/K , this range of thickness decreases. 

4.2 , EVE N 4Td VERIFIC ,TION s 

The results of the fair soil cement slabs tested 

(as reported earlier) were analysed using Meyerhof1  theory. 

The load stresses obtained for interior and edge loadings 

for the applied load causing 0. Qbari deflect i ma of 15 cm 

radius plate are sh 	In Tablo 4.2. 
The stress values calculated by Meyerhofs' theory 

for interior loading seem to be higher than the experimental 

values. Though the calculated stress values for the four 

slabs and the load values selected are less than the 
flexural strength values indicated in Coluib..8 of Table-4.2, 
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these stress values may be considered higher than actual 

values as - the load applied in all cases are less than 30 
percent of the failure load. However,, the interior stresses 

calculated by Meyerhof theory are less than the values by 

Westergaards theory and two layer theory reported in Tables 

3.1 and 2.4. 
The edge load stresses calculated by Meyerhof's 

theory (Co]....? of Table 4.3) seem to tally fairly well with 
a ctu al stress values. However$  the cal eulat ed stress values 

seem to ,be. acs the higher side in all cases keeping in view 

the ratio of the load applied to the actual failure load, and 

the ratio of calculated stress to the flexural strength in 

each ease. 

Table i4•  2 

• analysis of Stress by Meyerhof% Theory 

Si. 	IN TE OR LO.,DIN G 	EDGE LO.IDiN G 
Load 	Ratio of Stress Load 	Ratio- of Stress flexural 
applied load app of 	applied applied 	oe 	strength 
for 0.05ci lied to 	for 0.05cm load to 
deflection expert Kg/& deflection failure Kg/c na  Kilc 
of l5cm mental 	- 	Kg 	load. 
radius 	value of 
plate;Kg failure 

load. 

1 	1420 4.140 6.38 920 0.29 3.76 6.8 

2 	200 0.240 7.87 990 0.88 8.93, 6,6 

3 	8150 0.330 6.52 1070 4.24 3.22 6.9 

4 	3180 0.389 5.30 1910 0.34 3,82 6.5 
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CIUPTER-5 
COMPARATIVE 3TYDY OF VARIOtYS METHODS OF I PSIS 

The comparative study in this Chapter has been 
divided into two parts : 

	

( i) 	The comparisonof theoretical values by various 
theories studied for the range of values considered 

for semi-rigid pavements. 

	

(ii) 	Comparison of experimental results obtained in a 
previous investigation with the theoretical results. 

5.1 COMPARISON OF THEORETICAL METHODS OF ANALYSIS. 

5.1.1 Interior Loading : 
Nfan-dimensional plots were made with p j/ f c 

the Y-axis and Wa an the X-axis using M*erhof, Westergaard 
and Hurmister~s analyses for interior loading. Here 'pi is 
the unit load causing failure due to the interior loading 
by the above theories, f is . the flexural strength of the 
semi-rigid material, h is slab thickness and a is the , 
radius of loaded area. Figure 15 shows a non-dimenbiaaal 
plot pi/f vs Wa for E1/K values 300, 500 and 1500 
by the three methods of analysis. In all cases the 

Burmisterr analysis by two layer thoery shows the lowest 
ratio of pl/f 	for the entire wage of /a 	(0.5 to 2, 
which are the most comnca values of Wa ) . This means 
that a failure load per unit area determined by Barmister~ 
analysis gives the lowest value. 
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The values of p j/f . by Westergaard theory 
are higher than those of Burmisterr analysis but lower 
than Meyerhof analysis for all values of E /K and l/a 
excluding the range of la/a where the theory is not 
applicable (for E1/IC = 300, Westergaard theory may be 
considered not applicable when 4/a is less than 0.8) . 

Frw Figure 15 it may be , observed that the 

rate of Increase in pi/f values with increase in li/a is 
not same by all the three methods of analysis. Neyerhofh 

method shows a higher rate whereas Westergaard and 
Burmister'b methods shows somewhat similar trend. Hence 

for lower values of 1/a the percentage difference between 
the pi,/f values by the three methods are not significant, 
whereas at higher ti/a values they are considerable. In 
the previous chapter it has been indicated that the 
theoretical estimation of load stress are higher and 
value of failure loads estimated are considerably Vver 
than the experimental values. Of the three methods 

investigated, Meyerhoff method gives results which are 
somewhat closer towards the actual values. From Figure 15 
it may be inferred that the Neyerhof method is likely to 

give results of ultimate load values which are closer to 
the experimental results when 1%/a  values are higher. 
(i.e., in the range of 2 and above ) . 

5.1.2 Edge Loading s 
Figure 16 shows a non.. dimensional plot pe(f vs b/a, 
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where pe  is the failure load per unit area due to 

edge loading. The figure show the rel at i c reship by 
M eyerhof and West ergaard analysis for Fr/K equal to 

300, 500 and 1500. Excluding the perticrt of the carves 
which are not applicable (shown by dotted lines) it may 
be seen that Westergaard analysis gives lower values of 
pe/f than Weyerhof analysis, for. the entire range of 

and IVa values. This means that the failure stress 
values by Westergaard analysis for edge loading are lower 
than Meyerhof values. Further it is seen that the rate of 
Increase in pg/f with j/a values by Meyerhoffs analysis 

is higher than the rate by West ergaardh analysis. This 
indicates that at higher values of F/a the ratio of 
failure stress by )eyerhof and Vestergaard's analyses would 

also increase in the case of semi.-rigid pavements. 
Thus it is likely that in the case of semi-rigid 

pavements, the ] feyerhofh analysis may give failure load 

results tallying more closely with experimental values 
for higher range of F/a ratios (similar to the observaticn 
in interior loading) . 

5.2 COMP tI S OF THEORETI CAL VALUES WITH EXPERIMO T.L 
BES LTS a 

The flexural stresses calculated theoretically-
were shown to be higher than the actual values when comparing 
with the experimental results as already discussed in Chapters 
2,3 and 4. It was hence decided to compare the ultimate load 
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values evaluated theoretically for interior and edge 

loading with the results of ultimate load tests carried 

out oa soil-cement slabs. 

5, 2.1 Interior Loading : 

The results of the plate load tests carried out 

on soil-cement slab (av*ailable in the laboratory) were 

tabulated with details such as the total load at failure, 

plate diameter, slab thickness and the actual flexural 

strength (f) of the slab. From these the values of failure 

load per unit area pi (at the interior) were calculated 

for each load test. The ratio pj/f and 4 a values were 

calculated and tabulated, indicating also the corresponding 
E1/K values of the slabs. The various values obtained 

have been superimposed in Figure 15 so that the experimental 

results can be directly compared with the theoretical 
curves. The points have been divided into two groups of 

B1 /K values in the range 300 to 500 and 500..1500. 

From Figure 15 it is seen that the failure 

loads determined experimentally at interior are much 

higher than the failure loads indicated by &armister, 

Westergaard and Meyerhof analyses in all the cases. Of 

three methods of analysis Neyerhof method gives the highest 

failure load value. The closest agreement with the 

experimental values has been with the Neyerhof analysis. 

However, the failure load by Meyerhof analysis has been 
found to range between 24 % and 75 % of the experimental 
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failure loads and the average value was found to be 
about 50%. 

The average failure load estimated by 
Westergaard analysis for the Interior loading works 
out to be 40 % of the experimental failure loads. This 
observation supports the earlier conclusion that the 
flexural stresses calculated by theoretical analyses are 
considerably higher than the actual stress values in the 
case of semi-rigid pavements. For higher j/a values 
(1.75 to 2) it is seen that the breaking load by M eyerhof~ 
theory is _75 to 80 % of the actual values. This indicates 
that -Meyerhoff theory would give more -dependable results 
for higher, value of ! /a , in the -case of semi-rigid pavements. 

Ghosh and DinakaranC19) have talso indicated that 
the breaking loads by Meyerhof and Westergaard analyses 
in the case of plain cement-concrete pavements are also 
considerably lower than the experimental values. The 
percentage of theoretical failure loads in terms of 
experimental values as reported by them are also roughly 
in the same range as found In this investigation in the 
case of soil-cement slabs. Hance there is a need for 
further investigation on the analysis of load stresses 
and breaking loads.. It is desirable to, arrive at a method 
of analysis by which it is possible to .estimate the load 
stresses and breaking loads, tallying closely with the 
actual values in the case of semi-rigid and rigid pavement 
slabs. 
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5, 2.2 Edge Loading : 
The results of the breaking load tests carried 

out at the edge of soil-cement slabs were analysed and 
plotted in the same way as discussed in article 5.2.1 
above. The breaking loads determined experiment ally have 
been shown by points superimposed in Figure 16 over the 
theoretical curves pe/f vs 	Wa. Here again it is found 
that the actual breaking.  load for edge loading are higher 
than the theoretical values in all the cases. The 
theoretical values determined by Meyerhof and Westergaard 
analyses were found to be about 60 % and 50 % , respectively 
of the actual breaking loads as the average. There is also 
and indication that for estimating the breaking load at 
pavement edge!  the Meyerhof% method would be in better 
agrenent with the actual values when Wa ratios are higher. 
However this is not the case with 3 estergaard analysis 
as the slope of the curve pe/f vs I'/a is rather flat 
in cCi arisaa with Meyerho6 analysis. 

5.3 XPIBIC1L APPROACH FOR S r^MGID PAVEMENT LYSIS 
Nttissbaum and ;Larsen( s)  and Nielsant4)  have suggested 

the use of nca-dimensic al load response equations to correlate 
the load-deflectioncharacteristics of soil-cement slabs. 
Plate load test results are plotted in a log-log scale with 
AN/P on Y-axis and a/h an X- axis. 

Where © = deflection of plate 
p = applied pressure 
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K = modulus of subgrade reaction 

a = radius of ]laded plate. 
h = thickness of base course. 

Plate load tests were carried out at the 
interior region of the slab and the results of the load-  

deflection observations were plotted in the above ,form. 

A best fit line was obtained and the equation of the 

regression line was given in the form r 

AK 

	

p 	h 

	

where cd 	= the ordinate as the best fit line 

correspaading. to an aboissa a/h = It  

(which is reported to be a function 
of h and K) 

= stope of the regression line (which 
is a fu etian of h). 

Values, of cC and were given by the above 
investigators based an their experimental study. 

Based an the above observations it was considered 
desirable to compare the empirical non-dimensicmal approach 

with the other t heoret i cal . approaches for the analysis 

of semi-rigid pavements. As it has been shown that the 
most critical canditia* to be considered for the design 
of semi-rigid pavements to is that of edge loading, the 
empirical naa-dime isiatal approach. may be extended for 
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edge loading candit is i. She results of the soils cement 
slab tests available in the laboratory were made use of 

for plotting the nab-dimensional relaticz 0$/p Vs 4/h 

for edge loading ccz ditia%. 
Figure 17 shows the regressiar line obtained 

from the above nm..divensicnal analysis. The details for 

obtaining the regressia line fran the load•deflecti in data 
are given in Appendix III. Such a relation obtained for 
semi-rigid base course experimentally would be of great 
use to campare with the results of theoretical arnalysks. 
By 'West ergaar&. analysis for edge loading caadit i cry, if 
the deflecticEl value is determined for a design load or 
the contact pressure is found for an allowable defleetica 
it Will be possible to _camppare these values with the results 

of the nan.dimensicna1 plot already obtained for the slab. 
This will enable the investigator to assess the application 

and limitations of the theoretical methods in view of the 
, experimental results. 
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soil.-ce ient slabs, indicate that the calculated stress 

values are ccnsiderably higher than the actual stress 
values. it the calculated values of minimum radius of 
curvature are much higher than the actual values; this 
results in lower strain values than the actual values. 

Thus the stress and strain cal Galati cns cas tt radi ct with 
each other when they are compared with the experimental 

values. However the deflection values fairly tally with 
each other. 

5. There is a certain range of slab thickness when the 
Westergaards load stress equation will not be applicable 
for semi-rigid pavements, particularly for low values of 

ZjA . These ranges have been fairly illustrated in the 
charts for the interior, edge and corner loading canditicas. 
In general it is observed that when El/K decreases the 
Westergaards analysis is applicable only for thicker slabs; 
the thickness value depending upon the positica of loading, 
4/1 ratio, and radius of loaded area. 

6. For sc i-rigid pavements of Tj/K values ranging fram 
300 to 5,000 , edge loading ccnditicn is the most critical 
one and hence may be taken for design. The charts prepared 
for edge loading ccnditicns may be used for analysing the 
load stresses as well as the thickness design for semi'• 
rigid base courses. 

7. Comparison with experimental results of plate load tests 
as soil- cement slabs has indicated that Kest erg as rd~s 
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CHAPTER-6 
CON CLIISION S 

1. , Semi rigid pavements need special cc*nsideraticn for 
the design and analysis. The theoretical methods for 

design of rigid or flexible pavements may not be directly 
applicable for the semi• rigid pavement analysis. 

2. The charts prepared using Elastic Two Layer theory in 

this investigaticn cmld be very ccaaveniently used both 
for the analysis and thickness design of semirigid 
pavements. Subgrade pressure„ flexural stress and 

maxiniw strain in the pavement,, surface deflecticn and 
minimum radius of curvature of the semi-rigid pavements 
can be easily obtained for E1/E2  100 to 500 and slab 
thickness h 10 to 30 cm. 

3. Fran the elastic two-layer theory and the analysis of 

deflecticn and strain characteristics it has, been shown 

that . it is. reasonable to design semi-rigid pavements 
based ari allowable, deflecticzi criterion for interior 

loading ccnditicz. The car±ant design deflecticn can 
be applied for a material irrespective of the slab 

thickness as the flexural strain practically remains 
constant with increase in slab thickness for a certain 
radius of loading. 

4. The experimental verifi cati ca of the analysis by two-
layer theory by making use of load test results . acs 
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soil cement slabs, indicate that the calculated stress 
values are considerably higher than the actual stress 
values. But the calculated values of minimum radius of 
curvature are much higher than the actual values; this 
results in lower strain values than the actual values. 
Thus the stress and strain calculations contradict with 
each other when they are compared with the experimental 

values. However the deflection values fairly tally with 
each other. 

S. There is a certain range of slab thickness when the 
Westergaards load stress equation will not be applicable 
for semi-rigid pavements, particularly for low values of 

21A . These ranges have been fairly illustrated in the 
charts for the interior, edge and corner loading auditions. 

In general it is observed that when F'/K decreases the 
Westergaards analysis is applicable a ily for thicker slabs; 
the thickness value depending upon the positic i of loading, 
E1/K ratio, and radius of loaded area. 

6. For semi-rigid pavements of Bj/K values ranging frcam 
300 to 5,000 , edge loading condition is the most critical 
one and hence may be taken for design. The charts prepared 
for edge loading conditions may be used for analysing the 
load stresses as well as the thickness design for semi.. 

rigid base courses. 
7. Comparison with experimental results of plate load tests 

can soil cement slabs has indicated that Westergaard 



analysis gives higher stress and deflection values 
for edge load ccmditicus. The theoretical values of 
breaking load were approximately one half of the actual 

breaking load values. 
8. Meyerhoft theory is also applicable for the analysis of 

seni•sigid pavements for a certain range of thickness 
values. Particularly when El/K values are low, the edge 

load and corner load equations are not applicable for 

this slabs. 
9. The charts prepared using Meyerhof theory for edge 

load are usafal for analysing the load stresses or for 
designing the thickness requirement of semi-rigid pavements 
for F1/K values ranging from 100 to 10,000. 

10. When the experimental results of plate load tests an 
soil-cement slabs were compared with the calculated 

values by Meyerhoff theory, it is noticed that there is 

fair agreement when Wa ratios are high (W a > 1.5) . 
11. The Breaking load found by Meyerhoft theory is also 

lower than the actual breaking load for soil-cemient slabs 
and an the average is about 60 % for edge load cmditi ons. 

12. The non-dimensitnal analysis of load+deflectian data 
for interior loading caadition of semi-rigid pavements 

may be extended for edge loading ccn.ditiai also and a 
regression equation obtained. This equation or chart 
could be made use for comparing the experimental results 
with the results of theoretical analysis. 
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SCOPE FOR FURTHER S LUDY. 

1. In the analysis by Elastic Two-Layer theory it has 
been found that the calculated values of flexural 
stress are very much higher and those of tensile 
strain are lower than actual values. These 'contradict 
each other. Hance investigaticns at the .U. itaticns of 
two layer theory for pavement analysis, including cam. the 
fundamental aspects of the theory areneeded. 

2. Based an the actual failure patterns of seti-rigid 
slabs, it is desirable to arrive at equations to find 
the breaking loads making use of ultimate load theory, 

so that the breaking loads may be estimated with greater 
accuracy. 

3. Further study in needed to find cause why 'Westergaard 
analysis gives higher load stresses than the actual 
values, 
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APPFN DIX - I 

Sample Calculations for Plotting Maximum Strain e vs 

Pavement thickness h. 

The Equations used in finding cat maximum strain 

are given below s 
as 

R0 . rA x 'Fc 	 ( 1 4) ~.r'~' 	 psi 

h 
e 	= ~wr.~. _ 	 • • 	C ,A, -2) 

GRp 

Where 

e = maximum strain 

Ro = minimum radius of cu rvatu re 

a = radius of loaded area. 
4 = the deflect ion, 

Ii = pavement thickness 

= a fun ct i an, depending up are W/h , E/ E2 ratios, 
ul and 112. 

The value of the function Fc can be found out 
from the tables given by Larsen, Nussbaum and Coll.ey(16) 
for known values of w/h , F1/E2 and ul and u2 . 

CALCULATIONS s 

For one particular curve we have. 
EVE2 	100, 0 = 0. C3cn. s a = 15 an. 
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16 

1. 	iihen Wh =2 	h = 7.5 
From tables F. = 2,8186 

15 x15 
Ro  - = -------.. x F 00 	c 

= 7500 x 2.8186 
= 21150 cm. 

h 	7.5 
Now e = - 

. 2Ro 	2 x 2'1150 

(for F.1/E2 = 100, a/h = 2 
ul  = 0.2, u2 = 0.5) 

= 1.773 x 10-4  

2. 'Uhc a/h = 1.5 , h = 10 , 
FC  =4.7 

Ra  = 7500 x 4.7 = 35250 

10 
e '_ 	- 1.42 x 10-'a 

2 x 35250 

3. When v'h=1 	, h = 15cm 
F0  = 8.03554 

Ro  = 7500 x 8.O355 = 60270 

15 
e = 

	

	 = 1.214x10" 
2x60270 

4. When a/h = 0.5 , h = 30cm 

FC  = 15.4381 

Ro  = 7500 x 16,4391 = 115800 an 

	

_ 	30 

	

e - 	 = 1.297x10"4  
2 x 115800 



E1/E2 X10 
	= . 03 an , a = '15 an. 

Slab thickness, haul 7.5 10 1 	15 30 
Maximum 3t rain, a 1.773x14- 1.42x10-; 1.2Hx10r~ 1.297x1O`" 
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APPENDIX.. .II 

EXTENSION OF EXISTING ODEARKS  PLOT  FOR  E1/E2  VALUES 

RAtNGING FROM 100  TO 500 

C C CALCULATE FUNCTION KULWANT SINGH 

A=0.5 

30 C=((l.+(0.9*A)y*2.) "'2.5)/(1.+(4.*(0.9;;A)-r*2.)) 

, E=100. 

4G D=({1.+(0.9-'A*(B* .33))', 2.)-*2.5)/(1.+(4.**(0.9*A;;(B;;*.33)) *2.)) 

X=1./(((1.-(1./C))1./6)+1./D) 

P=X/B 

PUNCH 100,A,B,X,P 

100 FCRMAT (4F1~i.4 ) 

B=3+25. 

IF (B-50G.) 40,40,50 

50 A=A+0.25 

IF (A-3.) 30,30,55 

55 STOP 

END 

C C CALCULATE FUNNCTION KUL~IANT B -INGH 

X = FL p: fR 

.5000 100.0CJ0 3.5083 .0351 

.5000 125.0000 4.1257 .0330 

.5000 150.0000 4.7330 .0316 

.5000 175.0000 5.3329 .0305 

.5000 200.0000 5.9268 .0296 

.5000 225.0000  
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.5000 250.0000 7.1010 .0284 

.5000 275.0000 7.6825 .0279 

.5000 300.3000 8.2609 .0275 

.5000 325.0000 8.8367 .0272 

.5000 350.0000 9.4101 .0269 

.5000 375.0000 9.9814 .0266 

.5000 4CO.0000 13.5508 .0264 

.5000 425,0000 11.1184 .0262 

.5000 450,0300 J.1.6844 .0260 

.5000 475.GOCO 12.2489 .0258 

.5000 500.0000 12.8121 .0256 

.7500 100.0000 9.2730 .0927 

.7500 125.0000 11.2287 .0898 

.7500 150.0000 13.1655 .0878 

.7500 175.0000 15,0879 •0862 

.7500 200.3000 16.9990 •0850 

.7500 225.0000 18.9007 .0840 

.7500 250.0000 20.7944 .0832 

.7500 275.0000 22.6815 .0825 

.7500 300.0000 24.5626 .0819 

.7500 325.0000 26.4386 .0813 

.7500 350.0000 28.3099 .0809 

.7500 375.0000 30.1771 .0805 

.7500 400.0000 32.0406 .0801 

.7500 425.0000 33.9006 .0798 

.7500 450.0000 35.7575 .0795 

.7500 475.3000 37.6115 .0792 

.7500 500.0000 39.4628 .0789 

1.0000 100.0000 19.6506 .1965 

1.0000 125.0000 24.0945 .1928 

1.0000 150.0000 28.5090 .1901 
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1,0000 175.0000 32,9010 .1880 

1.0000 200.0000 37.2752 .1864 

1.0000 225,0000 41.6344 .1850 

1.000C 250,0000 45.9811 .1839 

1,0000 275,0000 50,3170 .1830 

1.03CC 300,0000 54,-6434 .1821 

1.C3CO 325.0000 58.9614 .1814 

1.00Ck 350,0000 63.2719 .1808 

1.0300 375,0000 67.5755 .1802 

1.0003 400,0000 71,8730 .1797 

1.0000 425.0300 76.1648 .1792 

1.0000 450,C000 80.4514 .1788 

1.0000 475.0000 84.7331 .1784 

1.0000 500.0000 89.0104 ,1780 

1.2500 100.0000 34.2265 .3423' 

1.2500 125.COCO 42.2530 ,3380 

1.25CC 150,0000 50.2412 .3349 

1.2500 175.0000 58.1996 .3326 

1.2500 200,0000 66.1341 .3307 

1.2500 225.0000 74,0486 .3291 

1.2500 250.0000 81.9462 ,3278 

1.2500 275,0000 89.8292 .3267 

1.2500 330.0000 97.6991 .3257 

1.2530 325.0000 105.5576 .3248 

1.2500 350.0000 113.4056 .3240 

1.2500 375.0000 121.2443 .3233 

1.2500 400,0000 129.0744 .3227 

1.2500 425.0000 136.8965 .2221 

1,250C 450.0000 144.7111 .3216 

1.2500 475.0000 w 	152.5190 ,2211 

1.2500 500.0000 160.3206 .3206 
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1.5000 100.0000 50.3364 .5034 

1.5000 125.0000 62.4076 .4993 

1.5000 150.0003 74.4367 .4962 

1.5000 175.0000 86.4331 .4939 

1.5000 200.0000 98.4C29 .4920 

1.5000 225.0000 110.3504 .4904 

1.5000 250.0000 122.2787 .4391 

1. 500 0 275.0000 134. 1901 .4880 

1.5000 300.0CCJ 146.0870 .4870 

1.5000 325.000C 157.9707 .4861 

1.5000 350.000C 169.8425 .4853 

1.5003 375.0000 181.7034 .4845 

1.50CC 400.0000 193.5541 .4839 

1.5000 425.0000 205.3952 .4833 

1.5000 450.0000 217.2283 .4827 

1.5000 475.0000 229.0530 .4822 

1.500- 500.0000 240.8705 .4817 

1.7503 100.00'0 64.7788 .6478 

1.7500 125.0000 80.5397 .6443 

1.75CC 150.0000 96.2612 .6417 

1.7500 175.0000 111.9517 .6397 

1.7500 200.0000 127.6168 .6381 

1.7500 225.0000 143.2606 .6367 

1.7500 250.0000 158.8858 .6355 

1.7500 275.0000 174.4947 .6345 

1.7500 300.0000 190.0891 .6336 

1.750C 325.0000 205.6709 .6328 

1.7500 350.0000 221,2408 .6321 

1.7500 375.0000 236.8001 .6315 

1.7500 4,.)0.0000 252.3493 .6309 

1.7500 425.0000 267.8894 .6303 
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1.7500 450.0000 283.4209 .6298 

1.7500 475.3000 298.9444 .6294 

1.7500 500.0000 314.4605 .6289 

2.0300 100.0000 75.8848 .7588 

2.0000 125.0000 94.5201 .7562 

2.000C 150.0000 113.1222 .7541 

2.0000 175.0000 131.6978 .7526 

2.0000 200.0000 150.2516 .7513 

2.3000 225.0000 168.7872 .7502 

2.0000 250.0000 187.3067 .7492 

2.0000 275.0000 205..8119 .7484 

2.00.00 300.0000 224.3047 .7477 

2.0000 325.0000 242.7862 .7470 

2.0000 350.0000 261.2572 .7464 

2.0000 375.0000 279.7189 .7459 

2.0000 400.0000 298,1719 .7454 

2.0000 425.0000 316.6167 .7450 

2.0000 450.000C 335.0538 .7446 

2.0000 475.0000 353.4339 .7442 

2.0000 500.0000 371.9075 .7438 

2.2500 100.0000 83.6652 .8367 

2.2500 125.0000 104.3326 .8347 

2.2500 150.0000 124.9735 .8332 

2.2503 175.0000 145.5933 .8320 

2.2500 200.0000 166.1955 .8310 

2.2500 225.0000 186.7827 .8301 

2.2500 250.0000 207.3569 .8294 

2.2500 275.0000 227.9195 .8288 

2.2500 300.0000 248.4720 .8282 

2.2500 325.0000 269.0151 .8277 

2.2500 350.0000 289.5497 .8272 
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2.2500 375.0000 310.0765 .8269 

2.2500 400.0000 330.5959 .8265 

2.2500 425.0000 351.1087 .8261 

2.2500 450.0000 371.6152 .8258 

2.2500 475.0000 392.1158 .8255 

2.2500 500.0000 412.6109 .3252 

2.5000 100.0000 88.8732 .8887 

2.5000 125.0000 110.9095 .8873 

2.5000 150.0000 132.9251 .8862 

2.5000 175.0000 154.9242 .8853 

2.5000 200.0000 176.9096 .8845 

2.5000 225.0000 198.8831 .8839 

2.5000 250.0000 220.8463 .8834 

2.5000 275.0000 242.8004 .8829 

2.5000 300.0000 264.7462 .8825 

2.5000 325.0000 286.6847 .8821 

2.5000 350.0000 308.6163 .8818 

2.5000 375.0000 330.5418 .8814 

2.5000 400.0000 352.4615 .8812 

2.5000 425.0000 374.3757 .8809 

2.5000 450.0000 396.2849 .8806 

2.5000 475.0000 418.1894 .8804 

2.5000 500.0000 440.0895 .8802 

2.7500 100.0000 92.3091 .9231 

2.7500 125.0000 115.2526 .9220 

2.750C 150.0000 138.1802 .9212 

2.7500 175.0000 161.0950 .9205 

2.75:0, 200.0000 183.9989 .9200 

2.7500 225.0000 206.8936 .9195 

2.7500 250.0000 229,7802 .9191 

2.7500 275.0000 252.6596 .9188 
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2.7500 300.0000 275.5326 

2.7500 325.0000 298.3997 

2.7500 350.0000 321.2615 

2.7500 375.0000 344.1184 

2.750u 400.0000 366.9706 

2.7503 425.0000 389.8186 

2.750 450.0000 412.6625 

2.7500 475.0000 435.5027 

2.7500 500.0000 458.3393 

3.3000 100.0000 94.5834 

3.0000 125.0000 118.1297 

3.0000 150.0000 141.6636 

3.0000 175.0000 165.1873 

3.0000 200.0000 188.7027 

3.0000 225.0000 212.2108 

3.0000 250.0000 235.7125 

3.0000 275.0000 259.2086 

3.0000 300.0000 282.6996 

3.0000 325.0000 306.1860 

3.0000 350.0000 329.6681 

3.0000 375.0000 353.1462 

3.0000 400.0000 376.6207 

3.0000 425.0000 400.0917 

3.0000 450.0000 423.5596 

3.0000 475.0000 447.0244 

3.0000 500.0000 470.4865 

STOP 	END AT S. 0055 + 00 L. 	Z 

.9184 

.9182 

.9179 

.9176 

.9174 

.9172 

.9170 

.9168 

.9167 

.9458 

.9450 

.9444 

.9439 

.9435 

.9432 

.9429 

.9426 

.9423 

.9421 

.9419 

.9417 

.9416 

.9414 

.9412 

.9411 

.9410 
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PP NDIX _ III 

The values of d, K, p, h, and a were obtained frc c 

the load-deflection data available in the Highway Eagineering 
Laboratory. These alangwith the procedure of obtaining* the 
Regression line (Figure 17) is given below s 

Slab AK 
No, - 	h cm a cm, a/h 0 cmi p xg/ CM2  K Kg/c3 - x 10 2  p 
1 8 15 1.875 0,05 2.0 5.3 13.25 

0.1 3.13 5.3 16.92 
0.05 1.4 8.0 28.55 

2 10 15 1.5 
0.10 2.4 8.0 33,34 
0.05 0.85 5.0 29.4 

3 8 15 1.875 
0,10 1.5 5.0 33.33 
0.05 1.2 6.5 27.1 

4 10 15 1.5 
+0,10 2.175 6.5 29.82 
0.06 1.35 4.5 16.66 

5 12 15 1.25 
0,10 2.275 4.5 19.8 
0.05 its 7.0 19.45 13 15 15 1.0 
0.10 4.75 7.0 14.72 
0.05 2.45 6.5 13.26 15 18 15 1.25 
0.10 4.0 6.5 16.25 
0.05 3.6 6.4 10.5 16 15 15 1.0 
0.10 6..1 6.4 8.9 
0.05 2.8 6.0 10.7 1? 12 15 1.25 
0010 5.8 6.0 10.35 
0.05 2.9 6,2 10.7 

18 10 15 1.0 
0,10 6.2 6.2 11.92 
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Calculations for finding the Regression line 

x 	 ~y x 10`~ 

1 1.875 3.5156 13.25 24,85 

2 1.875 3.5156 16.92 31.74 
1 3 1.50 2.2500 28.55 42,80 

4 1.50 2.2500 33.34 50,00 
5.  1.875 3.5156 33.33 62.50 
6.  1.875 3,5156 29.40 55.10 
7.  1.50 2.2500 29,80 44.80 
8.  1.50 2.2500 27.10 40,65 
9.  1.25 1.5625 19,80 24,74 

10.  1,25 1.5625 16.66 20,82 
11.  1.00 1,0000 14.72 14.72 
12.  1.00 1.0000 19.45 19.45 
13.  1.25 1.5625 16,25 20.30 
14.  1.25 1.5625 13.26 16.58 
15.  1.00 2. 0000 10.50 10,50 
16.  1.00 1,0000 8.9 8,90 
17.  1.25 1.5625 10,35 ' 12.935 
18.  1.25 1.5626 10.70 13.38 
19.  1.50 2,2500 11.92 17.89 
20, 1.50 2.2500 10.70 16.05 

--.. 
 

x = 28.00 
x2=40,94 
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= 375x10 

xy = 548.7x 10'a 

Normal equations are 
><Y = ax + b.N. 

a~x2 + b<x 

Putting the values we get s 
3.75= a x 28 + b x 20 
5.487= ax40.94+ bx28 

From equation 1. 
3.75 28a 

b 
20 

Putting this value in eq-2 

w~M 	1• 

...... 	2• 

3.75 '• 28 a 
5.48? = 40. J4 a + 2B ( 	

20 
	) 

Solving the above equation we get s 
a = 0.1362 

Putting the value of a in Eq.l. 
3.75 = .1362x28 + b x 2Q 

20b = " I.0636 

b = ". !0318 

The equation of Regression line is 

y = 0.1362 x '- 0.00318 

AK 
or 	= 0.1362 (a/h) " 0.0032 

P 

Calcullticas for Standard Error of Estimate 

Standard Error of Estimate = 	(Ye 
N1 
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mere y - 7e  = deviation of points from the line 
of Regression. 

N, = Total number of points. 

3.N o. (yYe)  x10"2 (y•ye) a-4 

1 11.97 143.20 
2 8,30 69,00 
3 8,44 71.35 
4 13.23 175.30 
5 8.11 65.90 Standard Error of 

6 4.18 17.50 (y-y 
Estimate 

7 9.71 94,45 Nt 
8 7.01 49.25 

/10M*563x 0 1 
9 3.3.3.0 g • _ 

20 
10 0.0 0.00. 

11 1.42 2.02 = ].0"s x/50,33 

12 6.12 37.50 = 7.09 x 

13 0.45 0,203 = 0,0709 
14 3.44 11.83 
15 2.80 7.84 
16 4,40 19.36 
17 6.35 40.40 
is 6,00 36,00 

19 8,19 167.15 

20 9.41 88,70 

8 Y`Ye) s=1006.563x10-' 
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,APPENDIX - ITT 
LIST OF S1NBOLS USED 

1. h = thickness of soil-cement base. 
2, a = radius of loaded area. 
3.  A = the deYlecticm. 
4.  K = modulus of subgrade reaction. 
5.  p = applied pressure. 

6.  S1  = modulus of Elasticity of soil-cement layer. 
7.  E2  = modulus of Elasticity of subgrade layer. 
8.  Ro  = minimum radius of curvature. 
S. e = maximum tensile  strain. 

10.  z = vertical subgrade pressure. 
11.  o = flexural stress. 
12.  uu = Poissicn's ratio of lower layer. 
13.  f = flexural strength. 
14. P = total load applied. 
16. ul = Poissian's ratio of pavement layer. 
16. e = edge load stress. 
1?. . of = interior load stress 
18.  = radius of rel at ive sti ffhes s. 
19.  b. = equivalent radius of resisting section. 
20.  Be  = minimum radius of curvature at failure. 
21.  M0  = bending moment 

22.  CC = empirical constant. 
23 empirical constant . 
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24. e f  = failure strain in flexure. 
25. N 	= number of stress repit it ii s. 
26. = dimensionless exp chant dependent an soil type. 

27. Fi  = A fun eti on. 
28. FR  = A funot ion. 
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24. e f = failure strain in flexure. 
25. N 	= number of stress repit it ian s. 
26. g = dimensionless expanant dependent on soil type. 
27. Fi = t AM ct i an. 
28. FR  = A function. 
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