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1.
CHAPTER = 1
INTRODUCTION,,

lA.ln GENERAL @

Pavements are generally classified in two
categories. Flexidle and Rigid, Flexible pavements
 emsists of a series of layers with the highest quality
~ materisl at or near the mrfacefl). The lo0ad carrying
capacity of Flexible pavements is broaght by the load
distritution characteristics of the layered system. The
. materials used in the layers are camsidered to have
negligible flexursl strength, The camon flexible
pavemént layers are crushed sttne or gravel, Water
Baind Macadam (WEBM), Bituminous mixes ete, -

~ Rigid pavements are those having cmsiderable
nemral strength and high nodulus of elast:leity, capable
of distributing load over a relatively wide area. The major
_ portim of structural capacity of the Rigid pavements is
supplied by the slab itself, Portland cement cancrete is
the mly material csidered in the category of Rigid

) Pavements. Hance at present there are two methods of

 pavement design - Rigid pavement deslign when cansidering

- materials which have cmnsiderable flexursl strength (like
that of cament cancrete) and flexible pavement design whm
cansidering matertals which have negngible flexural '
stmsth( 2)

Thmgh pavement materials like 8011-cement,,
- soil.lime-flyash, Pozzuolanic concrete and lean cement
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ccncreté have mmch low flexural strength than cement
cancrete, still they possess noteworthy flexmral strengthQ
The 28 days flexural strength of cement encrete used in
pavement censtmction is in the range of 120 to 180 Kg/»?
vhereas that of soil-cement usually used as base-course
constructin 1s in the range of 7 to 50 Kg/en®, Hence
‘there 1s a need for an intemediate classificaticn and
a suitable method of design for such pavements. This
cat;gory of pavement material méy be classified as semi~
rigid or semi-flexible materials,

 according to Harris(3) the semi-flexible pavements
should have sufficlently low elastic modulus and coefficient
of themal ‘exp.ansicn 80 as to reduce temperature expansiam,
camtraction and warping to the extent that jointing is not
- necessary. These may be ac_hiéved by lowering the strength
below that of Portland cement camerete and by a Jﬁdi_c:lms
cholce of the aggrqgates( 3) +« However from the siand point
of thicikmess and econamy 1;t is desirable to provide as
high a strength es possilble. |

1.2 PRORLENS IN SRI-RIGID PAVRMENT DRSIGN s

| Upto this time these has not been m accepted
~method of degign for semierxigid p‘avments. Soilecement
pavements have been designed by a conventicnal flexible
pavement design method by sdne Qgencies like the U,S. Comps
of Bngineers{4), British practice is also to ensider
sclil-cament as a flexible pavement( 5?. This mesns soil-cement
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base-course is considered equivalent to the granular
base-cours'e, in thickness requirement, Highway Research

Board, U,S.A., has recanmended the soll-cement base~course
thickness equal to granular base~course n good quality

‘ sub.grades; but am weaker subgrades the thickness of soil-
cément equal to three-quarters of the required gramular
base-course has been recummended, Semi-Rigid pavements like

- 8oll-cement have been rep_ortedfs' 7? to deflect upto a

~ cmsiderable distance fram the losded ares and thus transmit
the ioad through a wider area to the 1ower‘ layer, This results
in notevorthy reductim in verticel stress transmitted by the
semi-rigid layer and lower value of maximum deflectim in
ecmparis.ic'n;tott‘:li_.ex‘ible pavement layer of equivalent thickmess.

' This means that the thickness requirement of semi-rigid

pavement ceuld be less than the gramular base-course under
identical coanditims of subgrade, climate and traffic,

An empirical, flexible pavement design method.
.1ike the C.B.R. method alsc seems to be dnsuitable for the
design of seml-rigid pavements, This is because the C.B.R.
value of the semi-rigid material very mmch exceed 100 4
which 1s designated for a standard erushed stne., The
sogked C.B,R, values of soil-cement mixes camanly used
in base course after 7 days curing vary from 100 4 to over
500 £ depending upen the soil type(8), This meens that C.B.R.
test itself cannot be adopted to ass;ss the strength charac-
teristics of semi-rigid materials, Moreover the total pavement
thiciness requirement by C.B,R. method does not depend cn the
strength cheracteristics of the pavement campment layevs.
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Thms it may be concluded that by the canventionsl
flexible pavement design methods it may not be possible to
arrive at the exact thiciness requirement of semi-rigid
pavements, It may be too canservative to adopt the semi-
rigid pavement thickness equivalent to flexible pavement,
Empirical approaches based an load carrying capacity have
indicated that the thickness requirement of semi.rigid
pavement would be less than flexible paverent,

The thickness of semi-rigid base ccurse designed
by rigid pavement design methods is at times even higher
than the thickness designed by a flexible pavement design
method, As an example thicimess of a sm—c@mt baée corse
by Westergaard methad of rigid pavement design worké aut to
about 60 an (2 inches) when the flexural strength of
material 1s 3,5 Kg/en® (50 psi), subgrade modulus 2,75 Kg/cm®
(100 pe1) for a wheel load of 4050 Kg (9000 1bs), However in-
practice a base-course thickness of 15em (6 .inches') has been
reported to be adequate to carry the wheel 1cad under these
ccndit:lms(5) Therefore it seems that rigid pavement design
methods may not be directly applicable for t_he design of
' s-emj.-rigid pavements, Farther analis:ls of combined stresses
due to wheel 10ad and temperaturs changes need careful |
consideratim in the case of semi-rigid pavements as these
are 1ikely to be different from rigid pavements, Further
formation of shrinkage cracks in gemi-rigid pavements and
the subsequent bghaviocur of the slabs under var}ing climatic
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and traffic eondificns are difficult to be predicted

or evaluated thus making the analy.sis camplicated, Tims

it may be seen that the design of semli.rigid pavements
camot 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 fatigune
behaviour of semi-rigid pavements have not been m:!.ly |
evaluated, It is also possible that the fatigue _beh&viour |
of d:lffei'ent materials falling in the category of semi-rigiad
pavement materials may have different fatigue behavicur,
Hence 1t is necessary to investigate and arrive at suitable

methods for the analysis and design of semi-rigid pavements,
1,3 REVIEW OF LITERATURE,

1.3,1 Introductiom :

There has not been an accepted method of design
or analysis for semli-rigid pavements., Of the various types
of semi.rigid pavements that may be castructed, soil-cement
1s the most conmonly adopted material and hence considerable
investigatims have been carried out an this material with
& view to design the base—cmrse thickness,

The ccnventimal method for the design of semi-
rigid pavements are made in two steps, In the first step
the mix is designed to fulfil certain eriterim of strength
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or durability or both, In the case of gsoil-cement there

are sane standerised methods of mix design whereas for -

other semi~rigid materials there are no standard methods

npto this time. The secand step 1s the thickness design

of the semi-rigid base-course material, The thicimess require-
ment is generally decided by a conventimal 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~course based
on méstic layer System theory, Westergaard theory and by
certain empirical approaches, -

1,3.2 Thickness Design by Flexible Pavement Design
 Methods 3 | ”

As discussed earlier the first step in the design
1s the design of mix so as to fulfil the prescribed require-
ments, Soll-cement mix is camaiiy designed by PCA mix
design method which considers durability in prescribding
a design criteria. The durability test consisting of wet-dry
~and freeze~-thaw tests have been standardised by ASTM, Soile
cement mix is also designed by the British method which is
mainly based m a campressive strength requirement after
7 days curing., However, standard methods of test and design
spee:lficatims are not available for other semi-rigid
materials such as soil.lime-flyash and Pozzolanic ecnerete,
Whatever be the mix design method the main objective seeams
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to be to obtain a mix which is durable and strong enocugh

to be emsidered equivalent to the gfamlar base-ecorse,

The varicus thickness design approaches which ecmsider

80il-coment as flexible pavement layer are given below,
U,8, Corps of Engineers Method :

The U,S, Corps of Engineers treats soil-cement
as a flexible material and the soil-cement pavements are
designed using the CBR design procednre“) The total
thickness 1s determined based on the CBR vame of subgrade
and the traffic load. The Corps of Elgineers assigned a CBR
value 50 to 80 to soil-cement mixtures based m service.
behaviour,

Sane investigators cansider CBR test on soil-
cement inapplicable because of the hard and brittle nature

of the material. |
 Highway Research Board Recommendaticns

| The HRB (U,8.0 carried cut a natim wide survey
and based cn the results recamended scil-cement thidmesses
for variaus subgréde soils, Generally equal soil-cement
thickness as granular base thickness is recommended on good
quality subgrades, whereas a soil-cement thickness equal‘ to
three-fourth of the required thickness of gramular base-
course may be used en weaker soils,

Califormia Highway Department Method

The Califomia Highway Department designs cement-

treated bases by means of Hveem Cohesicmeter value and the
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resistanee value of the subgrade. Included also in the
design are such variables as traffic intensity and
anticipated wheel loads, The Califomia design mamual
commanly permits soll-cement thicknesses less than the
required thiclness of granular base“) It is reported that
using the Califomia design method, the required thickmess
of sou-cement is genera.l].y 35«50 § less than that required
for a granular base. This procedure is notable in that it
recognizes soile-cement as a camstruction material that can
.be designed for in the same mgnner as other cammm paving
materials like asphalt concrete' 9, For example, a typical
reduction would be 1 inch of class A eement-treated base
for 1.72 inches of gravel, This large reduction in f_hiclmess
is possible because of the use of processed aggregates, rigid
quality cantrel, and inspection during canstmuction,
" British Practice 3

|  The British practice is to consider soil-cement
as a flexible pavement material and to design the thicimess
by a ﬂéxible pavement -des:lén methed, Generally the soil-
cement mix 1is designed to have 17,5 Kg/ o.m‘ (250 psi) compressive
strength after 7 days curing, | |

~ The British have also investigated the applicability

of a method based m shear strength of the subgrade. This |
procedure 13 applied to subgrades having a strength indepen-
dent of the overburden pressure (i.,e., When 0 0)(5) In
this method the shear strength of the subgrade sod) 1s
compared with the maximum shear stress induced at any depth
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by a given wheel load and tyre pressure, as determined
by the theory of elasticity., A thickmess of gsoil-cement
is selected such that at any depth greater than the base
thickness, the induced shear stresses are less than tho;.
shear strength of the subgrade, This method has proven
satisfactory roi the design of pavements over very weak
subgrades,

Thicimess Design For Equal Load Carrying Capacity

In Terms of Crushed Stcne Base- Course t |

The load carrying capacity of scilecement base
course for equal deflectioms is reported to be cmsiderably
higher than equal thicimess of gremular base-course,
Fussbaum and Larsan‘ 6) made a comparative study of 1oad
capacitges at the PCA Research Laboratories, The rat:l.o
of thickmess of soil-cement to granular base was a.beat
1.5 times for 10 em (4 inches) and about 3;3 times for
25cm (10 inch) thicimesses for both weak and stroang
subgrades, | |

The load capacity of soil-cement bases was
evaluated by the Canadian Good Road associatin'® by
collecting data of Benkelman Beam reboumnd defleetiams,
They found that if a design rebound deflection of 0,075em
(0.03 inch) 1s contemplated, e unit of soil-cement
base course is effective as nearly 3 units of crushed

granular base-course, when subgrade has a rebound
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deflection of 0,2 em (0,08 inch). Scme of the typical
ratios obtained by them are given below

[ el

Subgrade .  Ratio of depth of crushed gravel to depth
Deflecticn  of CTB for varicus design deflectims.

W R g
e Im, 0. 075&(0 03in) 0.1@(0 Oﬂn) 0.125@(0 Oﬁin)

e . A e A

B e

0,10 0,06 21 - -
0,20 0,68 2,9 .28 . 2.2
0,40 0,16 2,8 2,8 21

Des:l@ by Elast:lc Layer Theory 3
- 8owers and Vesic(lo) showed that the vertical subgrade

stress values under soll-cement bases were comparable with
. those camputed by elastic two-layer theory, st-icf 7? suggested
_ thgt the Elastic Two-layer theory is valid only when the
reinforcing layer possesses an appreciable tensile strength
as -in the case of soil-cement,

- Mitchel and Shm‘u? suggested that soil-cement
base course thickness may be designed by the Three-layer
theory, cmsidering the horizamtal tensile stressestrain
at the bottam of soil-cement layer and a vertical coampressive
strain at top of subgrade.

. 13,3 Rigid Pavement Design approach
Attempts have been made to design semi-rigid
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pavements using rigid-pavement design approaches also,
Same 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 thiciness requirement works
ot to be cmsidertbly high.

Westergaards Method 3 . |
\ ~ Baker and Papazianua) showed that the flexural
stress obtained by using Westergaard and Bumister
apprecaches were almost identical for the same ioadjng
 coanditimms. Matcalf and Fryaman' @ have suggested the
'_u.s.e of Westergaard equaticms for ,&unatmg tensile
~ stresses in soil-cement pavements, They cmmsidered the
- comer loading candition as most critical.

- Meyerhofs Method s |

| Thickness design of Lime~Flyash aggregate bases
 was investigated by Baranberg{13), He suggested the use
of Meyerhof theory for ultimate i‘a:llure of slabs, The

~ desired factor of safety may be given based an fatigue

swd,jv,e,s'

1,34 Thiciness Design by Experimental Methods
¥ § eomprehensive research programme to develop
a thicimess design procedure for soil-cement pavements
i



12,

was initiated at the PCA laboratories'®). The first

part of the study was in establishing relationship
between load and deflectim for soll-cement slabs by
~plate load tests, The secnd part was aimed at evaluaticn
of the fatigue properties of thelson-cement. 4 best-fit
straight line equatim was obtained from a nmm-dimensicnal
: logarithmic plot of test data, e-;-— Vs -E— . The equat:l._cn.
. was of the fom 3

22 . € (— P

. T

Where

= the deflection

modulus of subgrade reactim

’" -

= applied pressure,

radius of loaded area

= thickness of soil-cement base

= a parameter, the ordimate n the best-fit
line corresponding to an absc:lssé s = ]

P = slope of regressim lime . .

& v p v m >
]

nri.oilsm“) has also suggested a similar design equatian,

Knowing the values of & and P from the bestfit
line and adc;ing the design values of A, K, p and a , it
is possible to find the desired thickness h, of the soile
cement base,
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Bagsed an the fatigue study, an equation of
fatigue functim was given as 3
Re &

.&..n—-.- - vn-

R
Where ’

Re = criticel radius of curvature which is
constant for a given materiesl, btut varies
with thickness.

"R = allowable radins of ecurvature for N number
~ of load applicatiems, '

V = factor varying with thickness h of base,
- p3/s

R -
' (2.1h -1)

~ § = aimensimless expment dependent an soll
type. |
The allowable stress ratio should be determined
from fatigue studies for any desired numﬁer of stress
repititims N, |

1.4 SCOPE OF PRESINT STUDY,

1.4.1 ﬁbjects
Design of semi-rigid pavements by flexible-
pavement design approaches have mainly two drawbacks,
The first drawback 1s in the mix design as the mix is
assumed to perform in the same manner as the fliexidle
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pavanent materials or the emshed stone base, Mixes
 designed totally based an durabllity criteria are likely
to cause greater variatim with respect to the strength
and Yoad transmission characteristics of the resulting
mixes, The secand drawback is in assuming the gravel |
equivalence during the thickness design process, as
reviewed above sane agenclies assume the thickness
recjuirwent of semi-rigid layer to be equivalent to the
granular base-course, whereas others allow a reductim
in thickness based an same gravel equivalence factor,
Various agencies have suggested different values of this
factor, sane of them based am performance studies and
others based cn same strength test results. Further the
flexible pavement design method itself may be either fully
or partly empirical. Thms there are diffieculties in
arriving at a ratimal design approach for semie-rigid
pavements by flexible pavement design methods, However,
based an the studies of Sowers and Vesic(w) and the
report of Vesic{?? the elastic layer theory appears to
be a probable sclutiom for a ratimal approach in the
analysis of semi- rigid pavements, |
The recamendatioms of Metcalf and Prydman(a
for the use of Westergaard method for analysing _soil;-
cement pavements seems to be worth investigating further,
Similarly the suggestins of Barenberg{13) for adopting
Meyerhof ultimate losd andlysis also needé further
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investigatian with a view to arrive at a rational method
in the design and analysis of seml-rigid pavements,

In this investigation it is aimed at evaluating
suitab:u:lty of the varicus theoretical approaches for
the design and analysis of semi~-rigid pavements. For
this purpose the stifmessratio(lg) r(K is considered
to be in the range froam 100 to 10,000 to represent a wide
range of semi-rigid pavement materials, The suitabdbility
of Klastic layer theory, Westergaards analysis and
Meyerhofs ultimate load analysis for the analysis and
design of semli-rigid pavements of the above range, was
the main objective of the study. o

1.4,2 Scope 3 |
Using the m.asfie two-layer theory, charts weie

prepared for the maximum vertical stress on subgrade
03 , flexural stress due to interior load $i and maximum
flexural strain e for various values of E/E; and
thickness h, These charts can also be used for design
~ purpose to limit 'bhe'values of allowable stresses and
strains in the base-course layer. There has been censi-.
derable discusiion over the deflectimm criterim in pavement
design as it is argued that it is more reasmmable to
specify the allowable minimmm radius of curvature in a
pavement slab, Hence the variatim in the minimum radius
of curvature Rog in the two layer system due to variatim
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in loading characteristics and slab thickness was
theoretically analysed. The chart for caleulating the
radius of curvature of the two layer system given by
Odemark( 14) was extended for higher ratios of E§/ By
upto 500, using an electronic Computor IBM 1620, The
" theoretically evaluated values were compared with the
experimental values of another investigation, o

Westergaards expressims for load stress of
pavement slabs are cammly adopted for cement ccrete
slabs, The validity of these expressions for semi-rigid
materials having .lo-wer values of elastic modulus E, , were
studied, Charts were prepared for evaluating the load |
stresses due to interlor, edge and éomer loading for
varicus stiffness ratios 'K and varying thickmesses h, |
These charts cmld also be useful for thickness design by
adopting appropriate strmgth values,

The breaking load for cement cancrete pavements
estimated by elastic theory is reported to be much
lower than actual values and hence the Meyerhofs ultimate
load analysis 1s 'preferred by some Investigators, ‘rhe
applicability of Meyerhoft 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 Meyerhoft methods of
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analysis were campared with the experimental results
of another investigatio, The results thms obtained were
critically analysed and a camparative study was made,



CHAPTER 2



18,

CHAPTER-2,
AVALYSIS BY ELASTIC LAYER THEORY,

2,1 THEORETICAL #VALYSIS 3 .

In the analysis by Elastic Layer theory here '
the two-layer system is being cons:ldered, though generally
semi-rigid pavements fall 1n the category of three-layer
system, The semi-rigid base-course material need a
bituminous wearing course at the top and hence the
pavement system cansists of three layers., However, in
this Country the bituminous wearing course‘ ctnsists of
,a bituminous surface treatment of relatively small
thicimess. The thickness values of these surface courses
‘seldom exceed 2 cm in the case of bituminous surface.
dressings and 2,5 em in the case of bituminous ‘caxpet.
Such a thin bituminous layer camot be considered to add
to the structural strength., The bituminous course may be
casidered as the first laier of the three-layer system
qnly when the bituminous conecrete of thickness greater
than &com is provided over the semi-rigid base-course,
Hence when thin bituminous surface dressings/ carpet is
used as a wearing course it 1s justified to casider the
pavement®as a two layer system, _However, the bituminous
wearing surface would slightly reduce the stresses in
the pavemezit system dne to the increase in effective
loaded area to be ecnsidered en the top of the base
course, |
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In a two-layer system increase in the modular
ratio E)/B, causes cmsiderable reduction in vertical
stress an the subgrade tut at the same time the radial
tensile stress in the reinforcing layer inereases rapidly.
Thus the design of a two layer system has to take into
account the following factors 3

(1) the allowable vertical stress oo the subgrade.
(11) the allowable flexural stress under the pavement

slab. .

(111)  the allowable deflection of the slab,
(1v)  the allowable maximum tensile strain of the slab,

| The tensile strain 1s dependent an the flexural
stress and the radlus of curvature of the slab and the
slab thickness, The radius of curvature is likely to be
influenced by the maximumum deflection, loaded area and
the values of elastic modulus of the two layers, In a
seml-rigld pavement where the modular ratio is fairly
high ( as campared to flexible pavements ) the goveming
factor for the design would be the flexural stress or the
tensile strain and not the vertical subgrade stress,

Evaluatim of Stresses, Strains and Defleetims
The camen range of modular ratios in the case
of soil-cement base course have been reparted‘le'll) to
be 100 to 200, Taking into consideration the possibility
of having base-courses of higher rigidity, the range of
E)/E, comsidered in this investigation was fram 100 to
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500

>

. For a design wheel load of 4100 Kg (axle lcad
of 8200 Kg or 18000 1bs) snd sn average tyre pressure
-of §,8 Kg/em® (commenly applied tyre pressure in truck
tyres), the radius of equivalent circular cantact area
works oat to 18cm, Hence the vertical subgrade pressure
(o3 ) expressed as a ratio of cantact pressure (p) was
avaluated for varicus modular ratios and slab thidmess
values (h) ranging fram 10 to 30 en making use of the
charts given by melS) . -Pigure 1 shows variatim in
vertical subgrade preg;xure -eg with slab thickness for
modular ratio E)/E, equal to 100, 200, 300 and 500,
Figure 2 shows\ the relatimship between the |
flexural stress (0p.) at the bottam of the slab expressed
in tems of cantact pressure (p) (i.e.,05 /p ) and slab
thicdmess h for various modular ratios E,/E, equal to
100, 200, 300 and 500 for a = 15 cm, These charts have
been obtalned from the charts presented by Odemark(14),
From Figure 1 and 2 1t 1s seen that both the vertical
stress and flexural stress decrease with inerease in slab
thickness., Thus it 1s possible to find vertical subgrade
stress and flexural stress in the slab for any slab
thickness h for the design wheel 1load of 4100 Kg and
a= 16cm prévided E)/Bg of the two layer system is known,
If the allowable values of the stresses with material
are decided, it 1s possible to make use of these charts.
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directly for finding sladb thickness required for the
design wheel load, |

The tensile strain in the slab depend upm
slab thickness and deflection under a certain loaded
area, The tensile strain under the semi-rigid slab is
also a factor to be ccnsidei-ed in the design, Hence the
maximn tensile strain (e) under the design 1oad (a = 15cm)
for varying slab thicknesses were calculated for different
E/By; ratios and deflection levels making use of the
tables of cambined curvature- deflection lmnctim‘ls)
in terms of Ey/E; , a/h, polssms ratio of pavem’enﬁ
| layer | )/al_and poissims' ratio of lower layer ug ,
derived fram the analyses Of Burmister and Odemark.
Figure 3 shows the relaﬁimship between tensile strain e
and slab thickness h for E/E, 100 and 200 at deflec-
tian levels (4) of 0,4, 0,03, 0,05 and 0,1 cm, The
prine:lﬁle of cbtaining such a chart has been illustrated
in Jdppendix.l. This chart is tims useful to find the
strain fo'rkW desired slad thickness and a given set
of values of ¥/Es and deflectiam (A) for the design
load (a = 16 cm)s The chart can also be useful for
estimating the thicmess requirement of the slad for
any allowable strain value in a certain case, It ma& 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 1s mentianed constant,
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This is a very useful observation which indicates
that a deflection eriterion is justified for the design
of such slabs, |

The deflection values under the design wheel
load ( P = 4100 Kg, a = 15cm) were calculated for various
values of slab thicimesses h, subgrade modulus Ez‘v and
varying ratios of E,/E; using Bummister two-layer theory.
Figure 4 shows such a chart of deflectim values for E,/E,
values varying frem 20 to 500 and thickness values ranging
from 10 to ‘30cm. This chart will be of use for finding the
~deflectim of a given slab, for estimating the slab
thickness »for limiting the deflection to any desired

- value,

Evalution of Radius of Curvature $

s mdiéa_ted. earlier the radius of curvature is
considered to be a more reliable measure of stress end -
strain conditions of a slab subjected to a certain load.
Larsen, Nussbaum and ‘_Coiley_(lﬁ) cansider the minimum
‘radius at which the specimen falls under the static load
| as a nieasure of flexural str'ength. Hence it was decided
to find the radius of curvature of slabs of different
thicdmess and modular ratio when sublected to a certain
design load, Odemark‘1%) has given the functim Fy for
the radius of curvature, for modular ratios El/Eé equal
to 2 t0 100 for various /a ratios. Since semi-rigid
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pavements are cansidered to have E/ K, values ranging
upto 500, it was first decided to extend chart for E/E,
values between 100 and 500,

The equatims used in analysing the values of
the minimum radius of curvature Rg are given below 3

Re =
Where
R, =
a =
El -
p -
F'R =
FR =
Here Ez =
Fq =
, .
", =
Wy =

Where h =

3p

4
‘—"ﬁg“ XFB - ‘ (201)

ninimm rédiu of curvature,

: radius of loaded area. |

modulus of Elasticity of soll-cement
layer. |
applied pressure

a functio given as

ol X Fi ‘ - wew (2‘2)

By

modulus of elasticity of subgrade
a function depending upon h/a and
E;/E, ratios and is given as,

1 |

QG-I o5, 1 @
-W ! (¥na)

(1 4w, %) %/3 |

1+ a3

O.Qxh/é

= 0.2 x e x 3/R/E,

thicdmess of pavement layer.
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Experimental Verificatien ¢ |
The theoretical values obtained in this
investigation have been campared with same of the
experimental results of another MVestigatimu”v
carried out in the university using soil-eemmt slabs,
The values of B/E;, for the soll-cement slabs
reported here were evaluated using Bummisters approach.

- Using a set of dial gauges the deflectimm profile of the

slabs were obtalned for different loading ceditiens upto
loads corrospomding to ultimate failure of slabs. The
flexural strength of thesé slabs was determined by testing
beams which were sawn out from the slabs,

Using the observations of the above -mvestigaiim
an scilecement , four slabs of thicknesses 8, 10, 12 and
15cm were selected, Deflectiem profiles were' drawn for
various load values and the minimum radius of curvature

- Ry of the each slab was found graphically in each case.

The experimental values (obtained fram these tests) of
deflectim, Strain, minipum radius of curvature and
flexural stress were campared with theoretically calculated

values,

- Deflectimm 3

The value of load required an 30 em diameter plste
to produce 0.06em deflecticn were noted for the four slabs
( cement-content 8 4) of thicknesses 8, 10, 12 and 15 om,
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pavements are casidered to have K/ E, values ranging

upto 600, it was

first decided to extend chart for E/ Eo

values between 100 and 500,
The equations used in analysing the values of
the minimum radius of curvature Rp are given bhelow 3

RQ =
Where
Ry, =
a =
El =
p -
FR =
FR =
Here Ez =
Fqf =
Fp =

P

| Where h =

4
"‘_E‘a— X FR Ll (201)

minimm radius of curvature,

radius of loaded area,

modulus of Elagsticity of soll-cement
layer,

applied pressure

a functim gilven as

By -~
———— Y Fi ‘ wes (2.2)

B

modulus of elasticity of subgrade
a function depending upon h/a and
El/Ez ratios and is given as, |

1.

1-1 &  __1
| q ! (4 TH]

(1 49, %) %3

1w+ 4{\" ‘

0.9 x Wa

eee (2,3)

= 0,9 x h/a x 3./ E; Ea

thidmess of pavement layer,
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In order to extend the existing plot given by
Odemarx(1¥) | for E,/E; values ranging from 100 to 500
the main variable required to be found cut is the
functim FR. A camputor programme was prepared for this
functin and fed into the electranic Camputor IBM 1620,
The Camputor programme as well as the table showing the
values of the Fp for various E/E, and I/a ratios are
given in the Appendix II,

~ For any given value of i/a and K)/E, the valuo
of the functian FR can be found out using the table
(appendix -. II). Using this functim the value of the
minirunm raﬂius of curvature Ro can be easlly calculated

us:lng the Equatim 2.1. |

| The varlation of theoretical values of minimm
radius Ro with varistio in cetact pressure p for variaus
E,/E; and Wa ratlos and B, values were graphically
represented. Scme of the graphs obtained (Ro vs p ) feor
Wa=1 and E/Eg = 100 , 200, 300 for various Eg
values are shown in Figures 5, 6 and 7. These figures
can be used to determine the theoretical vales of Rq in
a two.layer system for a given set of values of NWa,
E\/E; and Ep for a given contact pressure p of the
applied load, Figure 89 shows the variatiom of R, with
slab thickness h for E/Ey = 100, E, = 7000 K¢/ cm?,
p = 58Kg/m? and a= 15cm, It is seen that the value |
of R§ increases with h, other factors remaining unaltered.
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2.2 Experimental Verificatim $

The theoretical values obtained in this
investigation have been campared with same of the
experimental results bf another mvestigatimu”v |
carried aut in the university using soilocaméxlt élabs.

The values of E\/E; for the soil-cement slabs
reported here were evaluated using Burmmister: approach,

. Using a set of dial gauges the deflectin profile of the

slabs were obtained for differmt.loading cenditions upto
loads corrosponding to ultimate fallure of slabs, The

flexural strength of these 8labs was detemined by testmg

beams which were sawn out from the slabs.
Using the observations 61‘ the above mvastigafim
on soil-cement , four slabs of thicknesses 8, 10, 12 and
15em were selectéd. Deflection profiles were. drawn for
various 1oad values and the minimum radius of curvature
" Ro of the each slab was found graphically in each case,
The experimental values (obtained fram these tests) of
deflectin, Strain, minimum radius of curvature and

flexural stress were campared with theoretically calculsted

V&].\!GSQ

-~ Deflection 3 | | |
The value of load required on 30 cm diameter plate

to produce 0,05em deflectin were noted for the four slabs
( cement-content 8 ) of thicknesses 8, 10, 12 and 15 cm.
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The theoretical values of deflection at the above

load values were computed using Burmistert two-layer
theory., The deflectiom and load values corresponding to
ultimate failure of slabs due to interior locading (When
cracks were formed at the top surface of the slab) were
noted and the theoretical values of deflecticn were also
evaluated corrosponding to the failure loads. The 1oads
at 0,06 cm deflection were only a fractiam of the ultimate
lcad cawsing failure. The experimental and theoreticel
values of deflection for the four slabs are given below
in Table 2,1 for coampariso,

| - TABLE 2,1 |
Camparison of Experimental and Theoretical Values of
Deflectin in Soil-Cement Slabs.

e b b

Sl. Ratio of load Deflectin Deflection at

Nio, correspanding to fallure
0,06cm deflectian - : — -
to ultimate l1oad., Actual gixnge- Actual Theoretical

cm cm cm cm

1 00140 G.os 0.“8 0.33 0.28

2 0, 240 0,06 0,047 0,38 0.28

3 0,330 0,08 0,051 0. 44 0,22

4 0,339 0,06 0,042 0,25 0,18
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It may be seem that the load applied at 0,06cm
deflection is enly about 30 percent or less of the
ultimate load correspanding to failure conditioms,

Hence thase' loads applied may be considered well éithin
the elastic limits of the slab. It may be seen from columns
3 and 4 of Tablé 2,1 that the theoretical and experimental
values of deflection quite closely tally with each other. -
However, at fallure 10ads the theoretical deflectims |
(colum 5 and 6) are found to be considerably lower

than the experimental values of deflectim, The higher
values of observed deflectiom at failure may be explained
as given bel ow,

‘When the load n the plate at the interior of the
slab is inereased, first failure stérts from the bottom
of fhe slab at the subgrade interface by forming fine
eracks starting from bottah.. At this stage crackihg is
‘not visible fram top whereas deflectiom increases rapidly
with further increase in load, Tims higher values of
observed deflectim are obtalned as the loads are
inereased upto the stagé when the cracks are visible at
the top,

Minimum Radius of Curvature :
The deflectim profile of the slabs for various
loads were plotted as shown in Figure 8 from the deflected

shape of slab the minimum radius of earvature corresponding
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to various values of comtact préssure were graphically
obtained. The walues of mhimm radius Rg thus

- experimentally determined for soll-cement slabs were
found to be much lower than }:he theoretically determined
values, Of Ro for identical conditioms (of Ey/Ep , Wa
and Ep). The variation of minimum radius Ry with
contact pressure p obtained for two of the slabs have
been plotted in Figures & and 7 fe;r canpariso with the
theoretical valaés. The probable reason for lower value
of Ro in the soilecement slabs 1s that the material has
been cqnparatively more flexible with respect b the
high modular ratio deternined based an maximm deflectimn
eriterion, It is also possible that Burm:l.sﬁe:’s
two-layer theory is not gpplicable for the analysis

of soilecemant slabs. The vﬂua of minimum radius of
carvature at fallure detemined experimentally for the
four slabs mentiomed above have been given in Table- 2,2
below alang with the theoretically determined values for
comparisen which shows a ensiderable difference between
the two set of values. |

Strain at Fallure : .

The strain at fallure of the slabs were
determined fram the minimum radius of curvature at failure
using the ralatiom

h

2 Re
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Where

ey = failure strain in flexure

h = slab .thicknesa

'R, = minimum radius of curvature at failure,

The experimentally detemined values of minimum

radlus of curvature at failure were substituted to get
the experimental failure strain", values, Similarly the
theoretically evaluated values of minimum radius at
fallure were substituted to evaluate theoretical fallure
strain values. As the theoretical values of minimum radius
are higher than experimental values, the theoretical strain
values are lower than the experimental wvalues, The theoreti-
cal and experimental values obtalned for the fonr slabs have
been compared in Table 2,3,

’ T&ble" 2.
Canparisan of Theoretical and Experimental values of
Minimam radius of Curvature atfailure in Soil~Cement Slabs,

sl.Ne, H:lninmm m Radlus at failure, 10° e

Rt e drteme
deflection profile.

1 1.7 3.5

2 2,1 | 4,40

3 2.6 10,10

4

3.0 - 11.458
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Table 2.3
Camparison of Experimental and Theoretical values of
Strain at Fallure in Soil-Cement Slabs.

Sl. No Falilure Strain
o herémentalr Theoretical

1 0, 00236 - 0,00113

2 0, 00238 - 0,00113

3 0,00230 0, 00060

4 0,00250 | 0, 00070

- Flexural Stress 3 |

| The theoretieal values of flexural stress for

the four slabs were determined for the loads correspanding
to 0,05 em deflectian as before, The flexural stress
values were calculated using the charts given by
Odemark(u) . Table 2,4 gives the value of flexural

stress calculated for the four slabs and the flexural
strength values found vexperimmtauy for these slabs,

It may be seen that for Slab 1 the applied load
1s mly 0,14 of the ultimate load and the flexural stress
by two layer theory was 9,46 Kg/em?® whereas the actual
flemral strength of the slab was cnly 6.8 Kg/en?,
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Similarly in other slahs too it may be seen that the
theoretical flexural stress values exceeded flexural

st rength values of soil-cement in all the four cases
though the applied load was oly a fraétim of the ultimate
load. This mesns thai; the flexural stress values found
from twc? layer theory are mach higher than the actual
flexural stress found in soil-cement slabs, This is
catrary to the minimm radius of c..'urvature_»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 204 .
Camparisam of Theoz:etical_ﬂexural Stress with Experimental
Flexural Strength for Soil- Cement S].abs;

S1.N8, Ratio of Load Flexural Stress Actual flexural .
- applied to by twoelayer Strength determined

. failure load, theolg/ o E:q:erég/eautngny.
1. ‘ 0.140. | 9,46 | 6.8
2 0, 240 11,00 6.6
3 0,330 . 9,78 6.9
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CHAPTER-3
AV ALYSIS BY WESTERGAARI'S THEORY

3.1 THEORETICAL AVALYSIS ¢

‘Westergaard analysis is generally used in the
analysis of stresses in the riglid pavements at the
interior, edge and comer regims. The application of
Westergaards theory for semi.rigid pavements has been a
controversial issue, Whereas Mitchel and Frietagl® have
indicated that the thickness requirement by West}er‘gaardh'
'analys:!.s in soil-cement will work out to be verymuch am
the higher side than the flexible pavement design approach,
Hogstram, Chambers and Egcnstms‘ls) have indicated the
application of Westergaards theory !for the d'esign of
flexible pavements ( bituminous concrete). Baker and
Papaziangla) have campared flexaral stress obtained by
'Véstergaardt -and Burmister approaches for the same loading
conditions and paiement thicknesses and have reported that
the stresses were practically the same by the two methods,
These reports indicate the possibility of the applicatiom.
of Westergaards analysis in the design and analysis of
soll-cement pavements also, Hence it was decided to
investigate the application and limitations of
Westergaards theory for seml-rigid pavements, Metcolf
and Frydman(z) have also suggested the use of Westergaards
analysis in soil-cement base-course design for a certain
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range of tensile strength values, He cmsldered comer
load stresses to be the most critical ome for the
analysis, However it 1s known that the edge load stresses
may exceed comer load stresses under certain eonditims,
Hence it was decided to investigate the critical loading
condition for a range of relative stiffhess values of the
éai-rigid_ pavements, _ .
Westergaards radius of kkelative stiffmess value
is also cmsideredfl-z? as "stiffmess ratio", which is a
ratio of resistance offered by the slab to the resistance
offered by the subgrade. The stiffhess ratio is represented
by E/K where E; 1s the elastic modulus of the slab and X
is Westergaards modulus of subgrade reactim. This st:lffhess
ratio Ej/K is also cansidered by Baker and _P‘apazian‘lz) to
be similar to Bumistert ratio E/E, . |
Cansidering the varistion that may be anticipated
in the E; values of the semi-rigid base-courses and the
K value of soil-mbérade, the stiffness ratio E/K
considered in this investigation range froam 300 i:o' 5000.
The 10ad stresses for the interior, edge and comer -
1oad positims were caleulated for different E,/K
values and various valuwes of slab thicinesses, h, The
~ stress values were expressed as a ratio of emtact

pressure p,

Figure 10 shows the relatimship between stress
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values repregsented as a ratio of camtact pressure
and the slab thickness h for E)/K ratios 300, 500,
1500 and 5000 and loading at interior, edge and comer,
4s may be expected the general trend has been a reduction
in stress with increase in slab thickness, However, it
is seen that at lower range of E)/K ratios a pesk in the
stress curve is obtained indicating that with increase
in slab thickness, stress first increases and them shows
a decrease in trend, The valve of slab thicknesses
correspanding to maxirum stress for a particular ratio
~ of E)/K is found out to be different for the different
loading conditioms such as interior, edge and comer,
As an example for E /K ratio equal to 300 the maximum
stress for interior loading occurs at 12em, for edge
loading at'14.5 cm and comer loading at slab thickmess
greater than 30 am. The maxirum stress due to edge loading
for RB/K equal to 300 occurs at slab thickness 14,5cm,
for E/K 500 at 12,56 cm and for KK 1500 at 11em,
However, it is not logical to expect a reductim in
stress 1f the slab thicimess is reduced below the values
indicated by the peak stress in these curves. 4s for
example for E/K equal to 300 the stress ratio due to
edge load at 30, 20, 14,5 and 8 ems slab thickness are
(Figure 9) O.64, 0,86, 1,14 and 0,74 respectively. In
this case as the slab thickness decreases from 14..5 to
8 om stress ratio also decreases fram 1.14 to 0,74 as per
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the Westergaard analysis, The anly explanatim that
ean be given for this type of varlation is that the
theory is not applicable for finding the edge load
- stresses for VK value less than 300, When the slab
thickness is less than 14.5 om for the assumed loading
condition (edge 1oad, a = 16am). The general finding of
this investigatian 1s that Westergaards analysis is
applicable for low E/K ratios anly when the thickness
of the slab 1s greater than the minimum valune which is
indicated by the sumit of the stress vs thickness curves.
At low Ej/K ratios the minimum thickness needed by the
comer load formmla to be applicable is higher than that
for edge load formula, The minlmum thicdmess requirement
for any partieular E_l/K value is lowest for interior
load formula,

another important observation of the analysis
(Figure 9) is that for a range of E;/K values 300 to
1500, the edge load stresses are highest followed by
comer and then by interior l1oad stresses for a consie.
derable range of slab thickmess values, However, the
stress curves for edge, comer and interior loadings
cross each other (for any particular Ej/K ratio) at
~certain thickness values. At E/K equal to 300 for the
thickness range 20 to 30 cm the edge load stresses are

the highest and the comer load stresses are the lowest;
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the interior 1load stresses fall in between the two.

But for thickness values less than 19cm the interior
locad stresses are the highest, Hov;ever, at high rénge
of E]_/K in the rsnge of 1500 to 5000- the edge load
stresses are the highest and the interior load stresses
are the lowest; whereas the comer load stresses fall in
the intermediste range. In the case of rigid pavements
with very high value of E/K, comér load stresses
becames mest criticsl in a cmsideprable range of
thickness values, | |

In semi-rigid pavements with E;/K values
ranging from 300 to 5000 the corresponding base-course
thicknesses will also be higher with decreasing stiffness
ratios, As such it may be stated that within this range
the most critical condition of losding is the edge load,
Hence the design and analysls of seml-rigid pavements by
Westergaards analysis may be carried out using Westergaard
edge load stress equation, This ﬁ.nd:l.ng is cantrary to the
argument given by Metealf and Frydman'® that the comer
locad stresses are more critical, for the analysis of
tensile stresses in stabilised sb:ll-_cment pavements.

As the edge loading is found to be the eritieal
me for semi-rigid pavements, it is suggested that stress
analysis and base~course thickness design may be carried
cut mly for the edge-load candition, This is further
Justified because of the fact that m san:l-riéid pavements
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expensicn and cantracticn joints are not provided and

as such a comer.load cardition does not exist, Even if
the shrinkage cracks formed across the pavement slabs

are through cracks, the interlocking that exists between |
the two portion are considerable that a comer loading |
candition 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 10,000 and base course thickness valués‘ upto
30 cm,

3.2 EXPERIMENTAL VERIFICATION : | |

The experimental values of the tests camducted
n the four slabs referred to in artieie 2.2 weére anglysed
uainngestergaard's theory for canpa‘risc,n with the theoretical
values, For the plate 1oad tests in the interior regim the
maximum deflection was calclated using the following
relation given by Nestergaard s |

8 K 12

-

43 = Maximum deflection at interior.
= Totai load applied on the plate,
= Modulus of subgrade reactim,
= radius of relative stiffness.

—— (3.1)

A1

Where

= X v
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Here By = elastic modulus of pavement layer
h = pavement thickness. | |
u; = Polssnb ratio of pavement layer.

The load aspplied P in the experiment was limited
to that correspanding to 0,05 em deflection., The flexural
stress at the interior due to the plate load was caleulated.
using the following Westergaards equation 2

o = Ei?fi 4 logyo =+ 1.069 | --- (3.3)
where ‘b =“equivalent radius ;f resisting section,

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 ¢

- Table 3,1
Analysis by Westergaards Theory for Interior Loading.

poon

e —

S.No, Load Ratio Max™ Actual Flexural Flexural
applied of load defle- defle- by Wester Strength
for 0,05¢m gpplied ctin byetiam gaards

deflectimn to fai- Westep- theory, Kgs em?
Kg. lure gaards om, Kg/ em? .
load. theory -
. G
l 1420 0,140 ©,15580 ©,05 7,48 6,8
2 200 0,240¢ 0,1536 0,05 8,58 6,6 '
4

3180 - 0,339 0,1125 0,05 = 7,95 6.5
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The deflecbim‘ values calculated by West ergaards
analysis for interior loading as may be ,éem from the
above table are mmch higher (about 3 times) than the
experimental valves, Similarly the stress values evaluated
also appear to be an higher side than the actual stress
values because the calculated st'ress in all the four cases
exceed the flexural strength values, though the applied
load was only 0,14 to 0,339 of the failure load, Hence
if bhe stresses womisdl are calculated at fallure load
values, stresseé would have been several times higher
than the actual strength values. The above observation
indicate that the deflection and load stress values
caleulated by Westergaards theory for interior loading‘
are higher than the actual values in the case of soil-'
cement éavements. Hence thickness design of base~course
by Westergaards theory would be over safe or too caser-
vative, However, the stress values estimated by Westergaards
theory for the interior loading are lower than those |
found by Burmisters two layer theory (Refer tables 2,4
and 3,1 ). _ .

It was shown theodretically in article 3,1 that
the edge 1oading 1s the moste critical condition of the
three load positions, Hence the theoretical values 6:!'
deflection and load stréss for edge loading were also |
compared with the experimental values for the four slabs,
Here again the lo0ad values corresponding to 0,05 deflection
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at the edge of fhe siab' were considered for the
calculation of edge 10ad stress o and maximm
deflection of edge Ay "by the Westergaards theory.

The maximum deflection due to edge load was

calculated using the following relatign 3

' 2+ 1.2 U |
Aesz/ : 1'1—(07304111)--—'--(34)

The edge load stress were determ:lned nsing
Westergaards stress equation given below 3

0, 572pP 2
0; = h8 10310

-

1
-+ 0,359
b |

(3.5)

" The calculated values alongwith th_e experimental

values are reported in Table 3.2.

Table 3,2

- Znalysis by Westergaard theory for Edge loading

8l. Boad

for 0,05¢m 1load to tion by ction Wester-

Ratio of Max" Actual Flexural Flexural
No, applied applied deflec- defle stress by Strength

deflection failure Wester- gaard = Kgfem?
- Kg. load. gaard cm., theorx .
' theory Kg/ em
. om
l 920 0,29 0,0565 0,056 2,97 6.8
2 990 0,28 0,068 0,05 2,83 6.6
4 1910 0.3 0.18C 0,05 5,31 6.5

\OISS @

e T 1":’711 138 yan o
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The calculated values of deflectian due to
edge load have closely tallied with the experimental
values in two cases, whereas in the other two cases
the deflectim values caleulated by Westergaards theory
are higher by 90 to 100 percent of the actual deflection,
However, the deflection values for edge loading have
tallied better with the experimental values than those
for interior loading. Similarly the stress values |
caleulated by Westergaards theory are all less than the
strength values, In the case of slab 1 the stress is
2,97 K¢/ an® when the 1oad applied is 0,29 of the faillure
‘1oad and the strength is 6.8 Kg/em®. This indicates that
at fallure load the caleulated edge load stress would
have exceeded the strength value by abo_t:t 26 percent
of the strength value., Hence it may be stated that the
calculated value of edge load stress is énly slightly
higher than the actual value tut 1s within reasmable
1imits, Design of semi-rigid pavements for edge 1oad
canditin 1is more justified and thus the use of
Westergaard theory for the design seems to be reasmable
though the design will be still coservative., For
thicker slabs as in the case of slab no, 4 the estimated
value of stress seems to be much higher than the acfual
stress, Hence due consideration has to be given in the
design keeping this point in view and also the fatigue
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aspect of the material. The real problem of thickness
design of semi-rigid pavements ean be solved mnly after

thorongh investigation on fatigue behaviour of these
materials, to decide the necessary factor of safety,



CHAPTER 4



43,

CHAPTER.4
A ALYSIS BY MEYERHOF* S THEORY

4,1 THBORETICAL ANALYSIS & |

It has been shom(lg) in various investigatims
that the fallure load estimated by Westergaards analysis
in the case of rigld pavements are mmch lower than the
actual values, Meyerhofs anal‘ysis is based on the
ultimate failure of slabs assuming a certain pattermn
of yield line failure, Barenhxrg(la_) suggested the use
of Meyerhoft analysis for the design of semi-rigid
pavements casisting of lime-flyashwaggregate bases. In
some of the previocus investigations carried aut m sAeil-
cement slabs ( in the'H'ighvay'mgkxeering laboratory,
Pniversity of Roorkee) it was reported that the crack
pattems of the slabs failed under plate loads at
:lnterio: and edge regims were somewhat similar to those
assumed by Meyerhof, Hence it was decided to study the
possibility of adopting MeRerhofy theory for the analysis
of semierigid pavements, |

The failure loads were calculated in terms of the
flemral strength (P/f) for varicus values of Ey/K ratios
(ranging fram 100 to 10,000) and various thiciness (h)
values for the interior, edge and comer 1loads, Tadble 4,1
gives the values of ultimate load in terms of flexural
strength for the interior , edge and cormer loadings
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—, —= -r-°- ) for Ei/K equal to 100, the lowest

£

value in the range.

Table 4,1

Theoretical Values of Failure Load at Interior, Edge
and Comer Regims by Meyerhof$s Theory,

F/K

| S].ab

Ratio] Thick|d=

“- e qgenugs | S

[ness 12(1.1:13)1{ £6lr N1
ness |
' (& 1]
8 8,13 10,66
10 9,60 16,66
100 12 11 2 .
' 15 13,02 | 87,6
20 16,2  66.66
30 22.4 150

It is found that the comer load equatim is -
not applicable for low values of E/K (of about 100). The
Ps/f values are found to be negetive for a casiderable
i'anga of thickness values. As the thickness value increases,
the radius of reliative stiffness also increases as may be

seen from the columns 2 and 3 of Table 4,1. When the value

of '1' becames equal to the value of radius of loaded

area ' o', the failure load P, for the comer becomes
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infinity as Pc is given by the equatiom 3

1 M,
Pc - ( a - (4.1)
- 3 )
' £ h?
Here My, = Bending moment, = -é-—-
Here £ = flexural strength
h =

slab thickmess

- When the Yalue of h further increases, the
value of '2' also increases with the result the failure
load at corner decreases upto a certain limit of thicimess
value h, Hence it may be concluded that the corner lcad
fornula of Meyerhofs theory is net‘_applicable for semi-

‘rigid pavements with low E;/K ratios, particularly when

the slab thickness values are below certain values,
depending upon E/K ratio,

- FMigure 12 shows the var:l.atim in P/f values
with slab thiciness h, plotted for E)/K equal to 500
and 2500 for the interior, edge and comer regims for
a = 15am, Here also it i1s obvicus that for Ej/K equal to
500 the comer load formula is not applicable for slab
thickness less than 17cm ( as the failure load inereases
with decrease in slab thickness in this range).

The edge load equation has also similar limitatim

as discussed above but for a smaller range of thickness values

as may be seen from Table 4,1 and Figure 12, For E,/K equal
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to 500 the edge load equation is not applieable only
if the alad thickne_ss is less than 10cm, From Figure 12
it is evident that for higher E,/K values of 2500 the
eriticsl cmndition of loading however, is the comer
1oading,

Variation of P/f values for interior, edge
and comer regions with 1ncreasé in El/K values from
100 to 5000 are shown in Figure 13 for a slab thickness
h = 16em and radius of loaded area a = 15cw, Fram this
figure it is obvious that for a = 15ecm and h = 1Scm the
edge 1oad conditien 1s most critical for E;/K value upto
900; for E,/K values above 900 the fallure load at the
comer region becames the lowest,

From the above discussian it may be cancluded
that for design of semi-rigid base-courses it is
reasmable to cansider the ultimate failure load for
edge load condition, keeping in view the limitatioms of
the edge load formula for a certain range of thicimess
values, This 1s also due to the fact that the failure
load at interior is the highest in all cases, Further th;
comer loading canditins seldam occurs in sémi-rigid
base-courses because through joints such ags expansim
joints in cement cancrete pavements, are not provided in
seml-rigid base-~courses, |

The edge load values (interms of flexural
strength, 1,e, P¢/f') for varicus El/K values ranging
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" from 100 to 10,000 have been graphically represented

in Figure 14 for variocus values of slab thickness h.
This figure can thus be useful elther as a chart for
stregs analysis or for thickness design by Meyerhof
theory for edge loading, For a slab of given values of

h and E/K it is possible to find the stress' corres-
ponding to an edge load Pe' Similarly for any desing
whiel load Pe and allowable flexural stress £, it 1s
possible to design the required slab thickness h for a
known E;/K ratio. The portion of the cuxves X shown by
dotted lines, for Ej/K 100, 300, 500 in Figure 14 are
the range of thickness values in which the formla is not
applicable for the analysis., It is seen that for higher
ratios’ of El/K y this range of thickness decreases.

4,2 . EXPERIMENTAL VERIFICATION ¢ e 7 |

 The results of the four soll-cement slabs tested
(as reported earlier) were analysed using Meyerhofs theory.
The load stresses obtained for interior and edge loadings A '
for the applied load camsing 0,06cm deflectian of 16 em
radius plate are shoun in Table 4.2,

The stress values calculated by Meyerhofs' theory
for interior loading seem to be higher than the experimental
values, Though the calculated str_ess values for the four
slabs and the load values selected are less than the
flexural strength values indicated in Columb~8 of Table-4d.2,
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these stress values may be considered higher than actual

values as the 1load applied in all cases are less than 30

percent of the failure load, However, the interior stresses
calenlated by Meyerhofh theory are less than the values by
Hestergaard's theory and' two layer theory reportedv in Tables
3,1 and 2.4, \
The edge load stresses calculated by Heyerhoi's
theory (Col. -7 of Table 4,2) seem to tally fairly well with
actual stress values. However, the calculated stress values
seem t0 be an the higher side in all cases keeping in view
the ratio of the load applied to the actual fallure losd and
the ratioc of caleulated stress to the flexural strength in

each case,

Table-4,2

Malysis of Stress by Meyerhofs Theery

;1. INTERIOR LOADING EDGE LOADING o

o. hand el - —_— ‘ ——
Loaiii q Jl‘iat:(ilo of Stress I.oagi Ratig of stress s’;13!;13:!':\:{rtstl
applie oa. P applied - applied o= rength
for 0.06an lied bo 1 for 0.05cm 1oad to @ gt

deflection experi Kg/cm® deflecticn failure Kg/an’ Ke/ cm’

W oo

of 16cm mental Kg Joad,

radius value of

platesKg fallure

load, - o

1420 0,140 6,32 920 0, 20 3,76 6.8
2400 0,240 7,87 990 0,28 2,91 6,6
2160 0,330 5,62 1070 0,24 3,22 6.9
a80 0,329 5,30 1910 0,24 3,82 6.5
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CHAPTER-S
COMPARATIVE STUDY OF VARIOUS METHODS OF ANALYSIS

The camparative study in this Chapter has been
divided into two parts 3
(1) The camparison of theoretical values by various
theo:ies studied for the range of values cmsidered
for semi-rigid pavements, | | _
(11) Camparisan of experimental results obtained in a
previcus investigation with the theoretical results,

5.1 COMPARISON OF THEORETICAL METHODS OF ANALYSIS,

Selel Interior‘I’.oadv:Lng s

Non-dimensional plots vere made with py/f
the Yeaxis and h/a a the X-axls using Mejerhof, Westergaard
and Burmmisters analyses for interior loading, Here py is '
the unit load causing fallure di:e to the interior 1oading
by the above theories, f is the flexural strength of the
semi-rigid material, h 1s slab thickness and‘ a 1s the
radius of loaded area, Figure 15 shows a nm-dimensicmal
plot py/f vs W/a for /K values 300, 500 and 1500
by the three methods of ané,lysis. In all cases the
Burmisters analysis by two layer thoery shows the lowest
ratio of py/f for the entire mage of h/a (0,5 to 2,
which are the most camman values of K/ a ), This means
that a fallure load per unit area determined by Burmisterd
analysis gives the lowest value,
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The values of py/f by Westéfgaardb theory
are higher than those of Burmistert analysis but lower
than Meyerhof analysis for all values of E}/K and hW/a
excluding the range of h/a where the theory is not
applicable (for E/K = 300, Westergaard theory may be
considered not spplicable when h/a 1is less than 0,8),

From Figure 15 it may be observed that the
rate of increase in py/f values with increase in W/ a is
not same by all the three methods of analysis. Meyerhofs
method shows a higher rate whereas Westergaard and
Burmisters methods shows somewhat similar trend, Hemnce
for lower values of h/a the percentage difference betweén
the p3/f values by the three methods are not significant,
whereas at higher h/a values they are considerable. In
the previous chapter it has been indicated that the
theoretical estimatien .of load stress are higher and
value of fallure loads estimated are ensiderably Ppwer
than the experimental values, Of the three methods
investigated, Meyerhoft method gives results which are
somewhat closer towvardsA the actual values., From Figure 15
it may be Inferred that the Meyerhof method 1s 1likely to
give results of ultimate load values which are closer to

the experimental results when h/a values are higher.
(1.e.,, in the range of 2 and above ),

501.2 Edge I-Oad_ing H . A
Figure 16 shows a nan-dimensienal plot p./f vs W a,
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where p, 1is the failure load per unit area due to

edge loading, The figure show the relatimmship by
Meyerhof and Westergaard analysis for El/K equal to

300, 500 and 1500, Excluding the peortio of the curves
which are not applicable (shoun by dotted lines) it may

be seen that Westergaards analysis gives lower values of
Po/f than Meyerhof$ analysis, for the emtire range of
E;/K and lYa values. This means that the failure stress
values by Westergaard:s analysis for edge loading are lower
than Meyerhof values. Further it is seen that the rate of
inerease in P/ f with a wvalues by Meyerhofs analysis
1s higher than the rate by Westergaards analysis, This
indicates that at higher values of h/a the ratio of
failure stress by Meyerhof and Westergaards analyses would
also increase in the case of semi.rigid pavements,

Thus it is likely that in the case of semi-rigid
pavements, the Meyerhoft analysis may give failure load
results tallying more closely with experimental vilues
for higher range of h/a ratios (similar to the observation
in interior loading).

5.2 COMPARISON OF THEORETICAL VALUES WITH EXPERIMENTAL
RESULTS : = A

, The flexural stresses calculated theoretically

were showmn to be higher than the actual values when ecmpar;lng

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 on soll-cement slabs.

5, 2.1 Interior LOading H

The results of the plate load tests carried out
on soil-cement slab (avkailable in the laboratory) were
tatulated with details such as the total load at failure,
plate dlameter, slab thickness and the actual flexmral
strength () of the slab, Fran these the values of failure
load per unit area p; (at the interior) were caleulated
for each 1oad test, The ratio py/f and i/a values were
calculated and tabalated, indicating also the correspanding
E,/K values of the slabs. The various values obtained
have been superimposed in Figure 15 so that the experimental
results can be directly campared with the theoretical
curves. The points have been divided into two groups of
Ej/K values in the range 300 to 500 and 500-1500,

From Figure 15 it 1s seen that the failure
loads determined experimentally at interior are mmch
higher than the 'failure loads indicated by Burmister,
Westergaard and Meyerhofts analyses in all the cases., Of
three methods of analysis Meyerhoft method gives the highest
failure load value, The closest agreement with the
experimental values has been with the Meyerhoft analysis,
However, the failure 10ad by Meyerhoft analysis has been
found to range between 2¢ ¥ 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
Westergaards analysis for the interior loading works
_out to be 40 £ of the experimental failure loads, This
observation supports the earlier canclusion that the
flexural stresses caleulated by theoretical analyses are
cnsiderably higher than the actual stress values in the
case of semi-rigid pavements, For higher I/a values
(1,75 to 2) it 1s seen that the breaking load by Meyerhofs
theory 1s 75 to 80 % of the actual values. This indicates
that .M‘eyer-_hotk theory would give more dependable results
for higher value of h/a , in the case of semi-rigid pavements,
| Ghosh and Dingkaran‘1®) have Xalso indibated that
the breaking loads by Meyerhof and Westergaardt analyses
in the case of plain cement-concrete pavements are also
considerably lower than the experimental values, The
percentage of theoretical fallure loads in temms of
experimeixtal values as reported by them are also roughly
in the same range as found in this investigation in the
case of soil-cement slabs. Hence there is a need for
further Investigation an the analysis of 1oad stresses _
and breaking loads, It is desirable to arrive at a.mét_h_od
of analysis‘ by which it i‘: possible to estimate the load
st resses and breaking loads, tall_ying 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 experimentally have
been shown by points superimposed in Figure 16 over the
theoretical curves pg/f vs h/a. Here again it is found
that the actual breakling load for edge loading are higher
than the theoretical values in all the cases, The
theoretical values determined by Meyerhof and Westergaards
analyses were found to be about 60 ¢ and 50 £ respectively
of the actual bresking loads o the average. There is also
and indicatio that for estimating the breaking load at
pavement edge, the Meyerhofs method would be in better
agrement with the actual values when I/a ratios are higher.
However this is not the case with Westergaards analysis
as the slope of the curve p,/f vs Na 1s rather flat
in comparison with Meyerhofs analysis.

5.3 EMPIRICAL APPROACH FOR SEMIARIGID PAVEMENT ANALYSIS :
Nussbaum é.nd Larsen( 6) and Nielsm“} have suggested
the use of nan-dimensional load response equations to correlate
" the load-deflectimn characteristics of soill-cement slabs,
Plate load test results are plotted in a log-log scale with
AK/p on Ye-axis and g’h on X-axis,
Where A = deflectimm of plate
P = applied pressure



K = modulus of subgrade reaction
a = radius of Jmded plate.
h = thicdmess of base course,

Plate load tests were carried out at the |
interior regim of the slab and the results of the losd-
deflection observatioms were plotted in the above' 'form.
A best fit line was obtained and the equation of the

regressim line waé glven in the fom

AK a
= =« ()P
P h
Where = the ordinate an the best fit line

correspanding to an abeissa g/h = 1,
(which is reported to be a function
of h and K)
B = slope of the regressien line (which
) 1s a functian of h), |
Values of and B were given by the above
investigators based on their ezpaﬁmtal study, ‘

- Based an the above observations it was. cmsidered
desirable to campare the empiricu ncn-dinmsieml approach
with the other theoretical approaches for the analysis
of semi-rigid pavements, as it has beeh' shown that the
most critical cadition to be cmsidered for the design
of semi-rigid pavements &@ 1s that of edge loading, the
empirical nam-dimensimal approach may be extended for



56.

edge loading ccnditim. The results of the so¢il-cement
slab tests avallable in the laboratory were made use- of
for plotting the nn-dimensional relation AK/p vs o/h
for edge loading canditien.

Figure 17 shows the regressim line —.obtained
~ from the above nan-dimensicnal analysis, The details for
obtaining the regressimm line from the load-deflecticon data
are given in Jppendix III, Such a relatim obtained for
semi-rigid base course experimentally would be of great
use to campare with the results of theoreticsl analysbs.
~ By Westergaards analysis for edge loading conditicn, if
. the deflecticn value 1s determined for a design load or
the camtact pressure is faund for an allowable deflectim,
it will be possible to campare these 'valuesﬂwith the results
of the nan-dimensicnal plot already obtained for the slab,

. Thls will enable the investigator to assess the applicaticm

_ and limitations of the theoretical methods in view of the
 experimental results. |
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soil-cement slabs, indicate that the calculated stress
values are cmsiderably higher than the actual stress
values, But the calculated values of minimum radius of
curvature are mich higher than the actual values; this
results in lower strain values than the actual values,
Thms the stress and strain caloulations contradict with
each of.her when they are campared with the experimental
values, However the deflection values fairly tally with
each other,

There is a certalrn range of slab thickness when the
Westergaards load stress equation will not be applicable

for semi-rigid pavements, particularly for low values of

Ey/K . These ranges have been fairly illustrated in the
charts foi- the interior, edge and comer loading canditicns,
In general it is observed that when El/K decéreases the
Westergaards analysis is applicable only for thicker slabs;
the thickness value depending upon the positiem of loading,
Ey/K ratio, and radius of loaded area.

For semi-rigid pavements of E,/K values ranging from

300 to 5,000 , edge loading condition is the most critical
e and hence may be taken for design., The charts prepared
for edge loading canditioms may be used for analysing the
1load stresses as well as the thickness design for semi.
rigld base courses, ‘ _
Camparism with experimental results of plate load tests

an soll-cement slabs has indicated that Westergaards
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CHAPTER-6
CONCLUSIONS

ls Semi-rigid pavements need special cmsiderstim for

the design and analysis., The theoretical methods for

design of rigid or flexible pavements may not be directly
applicable for the semi-rigid pavenent analysis,

2.  The charts prepared using Elastic 'Two Layer theory in
this investigatim could be very caveniently used both

- for the analysis and thickness design of semi-rigid
pavements, Subgrade pressure, flexural stress and
maximum strain in the pavement, surface deflectiom and
minipum radius of curvature of the semi-rigid pavements
can be easily obtained for E/E, 100 to 500 and slab
thidmess h 10 to 30 am,

3, Fram the elastic two-layer thecry and the analysis of
deflectin and strain characteristics it has been shown
that it 1s reasmable to design semi-rigid pavements
based en allowable deflectin eritericn for interior
loading caiditicn. The condant design deflection can
- be applied for a materisl irrespective of the slab
thickness as the flexural strain practically remains
enstant with increase in slab thickness for a certain
radius of loading.

4. The experimental verification of the analysis by two-
layér theory by making use of load test results mn
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goil-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 eontradict with
each other when they are campared with the experimental
values, However the deflectin values fairly tally ﬁith
each other, , |
There is a certain range of slab thickness when the
Westergaards 1load stress equatiomm will not be applicable

for semi-rigid pavements, particularly for low values of

E)/K . These ranges have been fairly illustrated in the
charts roi- the interior, edge and comer loading conditioms,
In general it is observed that when El/K decreases the
westergaards' analysis is applicable enly for thicker slabs;
the thickness value depending upon the position of loading,
Ey/K ratio, and radius of loaded area.

For semi-rigid pavements of E,/K values ranging fram

300 to 5,000 , edge loading condition 1s the most eritiecal
me and hence may be taken for design. The charts prepared
for edge loading enditions may be used for apalysing the
load stresses as well as the thickness design for semi-
rigid base courses. | }
Canmparism withqex;oerimmta; resuj_l_.ts of plate load‘ tests
on soll-cement slabs has indicated that Westergaards
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analysis gives higher stress and deflectian values

for edge 1oad conditims. The theoretical values of
breaking load were approximately ane half of thg actual
breaking load values,

8, Meyerhofs theory is also applicable for the analysls of
semi-pigid pavements for a certain range of thiclmess_
values, Particularly when E;/K values are low, the edge
load and comer load equations are not applicable for

~ thig slabs, _ ‘

9, The charts prepared using Meyerhofs theory for edge
load are useful for analysing the load stresses or for
designing the thickness requirement of semi-rigid pavemehts
for Ey/K values ranging from 100 to 16, 000,

10, When the experimental results of plate load tests an
soil-cement slabs were campared with the calculated |
values by Meyerhoft theory, it is noticed that there 1is
fair agreement when h/a ratios are high (W/a > 1'.5).

11, The Bresking load found by geye:ho;‘s. theory is also
lower than the actual breaking load for soil-cement slabs
and an the average 1s about 60 § for edge load canditions,

12, The nan-dimensicnal analysls of load-deflectian data
for interior lqading _emd:l.ti_on of sqni-rigid pavements
may be extended for edge loading cmditien also and a
regressicn Qduatim obtained. This equatian or chart |
could be made use for camparing the experimental results
with the results of theoretical analysis.
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SCOPE FOR FURTHER STUDY.

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. Hence investigatins an the limitatians of
two layer theory for pavement analysis, including an. the
fundamental aspects of the theory are needed., |

Based an the actual fallure pattermns of semi-rigid
slabs, 1t 1s desirable to arrive at equations to find
the breaking loads making use of ultimate load theory,
s‘o that the breaking loadé may be estimated with greater
accuracy, o o ) |
Further study is needed to find cause why Westergaard

analysis gives higher load stresses than the actual

values,
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APPENDIX - I

Sample Calculations for Plotting Maxipum Straln e vs
Pavement thickness h,

The Equations used in finding out maximum strain

are given below

Ry = : x ‘Fg - (g
h )
,_ e =.-‘;;: : eee (2, .2)
Where

¢ = maximm strain
Ro = minimum radius of curvature
a = radius of loaded area.
A = the deflection,
h = pavement thickness
F, = a functim, depending upoan a/h E,/Eg ratios,

ul and‘ua.

The value of the functim F can be found out
from the tables given by Larsen, Nussbaum and Colley(ls)
for known values of a/h, E_l/E and u; and ug .

CALCULATIONS 3
For ane particular curve we have,
E-‘/Ez = 100 ’ A = 0,03em, y & = 15 om,



2 x 115800

€5,

1, When g/h = 2 h = 7,5 |
Fras tables Fo = 2,8186 (for Ey/Ep = 100, g/h = 2
| ul = 0,2, uz = 0,5)
156 x 16 .
s~ R o= x F,
= 7600 x 2,8186
= 21150 om,
| h 7¢5
Now e = =~ =
2R, 2 x 21150
= 1,773 x 104 .
2  When gh=1,6 , h=10 ,
F, = 4,7
~ R, = 7500 x 4,7 = 85250
10 ,
e = = 1,42 x 10™¢
2 x 35250
3. wWhen gh=1 y h=15cem
F, = 8,0355¢
R, = 7500 x 8,03554 = 60270
16
A e = = 1,24 x 107¢
_2 x 60270
4, ¥When 8s’h= 0,5 , h= 30m ,
Fc = 15,4391
R, = 7500 x 15,4391 = 115800 em
30
e = =

1,297 x 10-4



E /By =100 ,

A =.03Gn a=’15mo

Slab thickness, hom

7.5

15

30

Maximum Strain, e

1,773x107

1.297x10°*

10
411 ,42x10"4

1.244x10"4
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EXTENSION OF EXISTING ODEMARKS

RANGING FROM 100 7O 500

CALCULATE FUNCTICN KULWANT SINGH

A=045

PLOT

FOR E1/E2

Co{{le+(0e9%A)XH¥24 )% 2a5)/ (lat(ba¥(0aQ%A)*¥%24))

"BE=100.

67,

VALUES

D=({le+(Ce9%AX(BX%433) ) *¥%24)5%245)/ (Lot (L4edk(DeTNAN(BN*433))%%2,))

X=1le/{((la=(1e/C))%1e/B)+Le/D)
P=X/8B

PUNCH 100sAsBsXsP

FORMAT (4F1844)

B=3+25.

IF (B-500Ce) 40349550

A=A+0425

IF (A-3e) 3043Cs55

CALCULATE FUNCTION KULWANT CINGH

AChfa) | B:(Erfe,)
«5000 100.9C00
5000 125,0000
500 150,0000
L 5000 1750000
5000 200,0000

«50C0 22540000

K= B
34,5088

41257
4e7330
53329

569268

A.RITERO

P: fr
«0351

«0330
+ 0316
«0305

«0296

A mAA A



<5000
«5000
<5000
«5000
.5000
<5000
<5000
<5000
«5000
« 7500
« 7500

e 7500

« 7500

e« 7500
e« 750G
e 7500
« 7500
« 7500
¢« 7500
e« 7500
e 7500
« 7500
« 7500
« 7500
« 7500
« 7500
10000
10000

1.0000C

25040000
27540000
30040000
32540000
35C+0000
37540000
4C040C00
42540000
4504GG0G
4754G0C0O
50C«G0CO
100.00C0
12540000
15040000
175.0000
20040000
225400600
2500000
27540000
30040000
32540000
350.00C0
37540000
40040000
42540000
45040000
47540000
50040000
10040000
12540000

150,0000

741010

7.6825

842609

BeB367

9.4101

9.9814
1345508
1l1.1184
11.6844
1242489
12.8121

942730
11,2287
1341655
15,0879
169990
1849007
2067944
2246815
2445626
2644386
2843099
3061771
32,0406
33,9006
3547575
3746115
39.4628
19.6506
2440945

2845090

e 0264
«0279
«0275
«0272
« 02669
«0266
e 0264
e 0262
« 0260
+0258
« 0256
«0927

« 0898

0878

« 0862

«0850

« 0840

«0332

«0825
« 0819
«0812
«080°
«0805
«0801
«0798
«e0795
«0792
.0789
« 1965
«1928

«1901



100600

1.00¢CC

1.0000
10000
1.00CCC
1.00CC
10000
le2500C
le25CC

le25CC

1e250C
12500
12500
1e¢250C
le25CC
1425C0
1le250C
1.25C0
142500
162500
le250C
142500

1le25C0

1750000
200.,0000
225.5C00
25040000
275,0000
300,0000
32540000
35040600
375400600
40040000
42540000
4504C000
4754C000
50040000
10040000
125.00C0
150400C0
17540000
20040000
22540000
25040000
2754000C
3)040G00
32540000
35040000
375.00C0
400,0000
425,0000
450400C0
47540000

5000000

3249010
3762752
41e6344
4549811
50.3170
5466434
5849614
6342719
6745755
71e8720
761648
BCe4514
84647331
89.0104
3442265
4242530
5062412
5841996
66,1341
7440486
8le9462
89.8292
9746991

10545576

11344056

121e2443

129.,0744

13648965

1447111

15245190

16043206

«1864

«1850

«1839

«1830

«1821

«1814

«1808

«1802

« 1797

«1792

«1788

¢3257

« 3248

¢3240

3233

«3216

«3211

«3206



7.

1.5000 100.00066 5043364 | «5034
145000 125,0000 | 6244076  e4993
145000 150.00C0 7444367 e 4962
1.5000 175,0000 86.4331 e 4939
145000 20040000 9844029 «4920
145000 225,0C00 11043504 e 4904
15000 25040000 12242787 e 4891
14500C 275.0000 134,1901 « 4880
15000 200,0C00 14640870 « 4870
1.50C0 525,00C0 15749707 c4861
145003 35040C00 16948425 <4853
145000 37540000 18147034 « 4845
1e50CC 40040000 19345541 « 4839
1.5CC0 42540060 20543952 «4833
145000 45040000 217.2283 e 4827
145000 -~ 47540000 22940530 « 4822
14500¢ 500.0C00 24048705 e 4817
1475C0 10040050 6447788 6478
1¢7500 12540009 8045397 « 6443
1e75C0C 1504G0C0 9642612 e 6417
1e7500 | 17540000 11149517 « 6397
147500 200,6000 127.6168 e 6381
1¢75G0 225,0000 14342606 « 6367
147500 25040000 158.8858 « 6355
147500 27540000 17444947 «6345
1¢7500 30040020 190.0891 «6336
1.750C 325.,0000 20546709 L6328
1e750C 3504,0C00 22142408 e6321
147500 37540000 23648001 «6315
1475C0 43040000 25243493 « 6309

1e75C0 42543000 2678894 « 6303



17500
1. 7500
17500
2435000
240006
20000C
240000
240000
245000
240000
240000
240000
246000
240000
2.0000
240000
20000
20000
240000
240000
242500
24250C
242500
242500
242500
242500
242500
242550

202500

45040000
47540C00
5000000
100.0000
125,0000
150.,0C00
175,0000C
2000000
2250000
250.0000
27540000
300,006C0
225.0000
35040000
37540000
40040000
42540000
45040006GC
475400070
500.00C0
1000000
125.0C00
150.0C00
17540000
20040000
22540000
250.C000
27540000
300.0C00

3250000

35C«C000

2824209
2589444
3144605
75488348
9445201
11341222

121,6978

15042516

16847872
18743067
205,8119
22443047
242,7862
26142572
27947189
29841719
31646167
335.0538
35344539
371.9075

83,6652
10443326
12449735
14545933
16641955
186.7827
20743569
227.9195
24344720

26940151
28945497

a.

«6298
«6294
«6289
« 7588
« 7562
e 7541
e 71526
«7513
« 7502
e 7492
o 7484
« 7477
« 7470

o 7464

e 7454
¢« 7450
e 7446
.?442
e 7438
«8367
8347
«8332
#8320
«8310
«8301
¢ 8294
«8288
«8282

« 8277
«8272



242500
242500
242500
22500
2425C0
242500
2¢500C
245000
245000
245000
245000
2¢5CC0

2¢50C0

25000
250060
245000
245000
245000
25000
25000
245000
245000
27500
247500
24750C
2475060
2475C0
247500
247500

27500

37540000
40040000
425,0000
45040000
47540000
50040000
100.00C0
125.,0000
150400920
175.,0000
20040C00
225,0000
25040000
27540000
300.0000
32£,0000
350,0000
37540000
4C0,0000
42540000
45040000
47540000
500400C2
10040020
12540000
150.0C00
17546000
2004C000
225,0000
25C 40000

275400C0

31040765
33045959
35141087
37146152
39241158
41246109

8848732
110.9095
132.,9251
154,9242
17669096
198.,8831
22Ce8463

24248004

26447462

28646847
30846163
33045418
35244615
3743757
396642849
41841894
44040895

9242091
11542526
138,1802
16140950
18249989
20648936
22947802

25246596

72,
« 8269
« 8265
«8261
«8258
« 8255
«3252
« 8887
«8873
« 8862
« 8853
« 8845
«8839
« 8834
« 8829
« 8825
«8821
«8818
«8814
«8812
« 8309
« 8806
oBéO4
« 8802
« 9231
«e9220
«9212
« 9205
« 9200
«9195
«9191

+9188



247500
247500
247500
2475C0
247500
Z-YSOJV
247500
247500
2¢7500
342000
340060
32+0000
340000
3¢00C0
340000
340000
3¢000C
30000
340000
340C0C
34C000
342000
3«000C
20000
340000
340000

STOP END AT S.

30000006
325.000¢
350.00G0
37540000
400.,0C00
42540000
45040000
4754,0000
50040000
109,0000
125,G000
15040000
17540000
200.00CC
22540000
25040000
27540C00
3004C000
32540000
35040000
37540000
40040000
425,0000
45040000
47540000

500,00G0

0055 + GO0 Le Z

27545326
29843997
32142615
34441184
36609706
389.8186
41246625
42545027
458,3393

9445834
11841297

14146636

16541873

188,7027
21242108
23547125
259.2086
28246996
30641860
32946681
25341462
37646207
40040917
42345596
44740244

47044865

TSe

9184
e9182
«9179
«9176
« 9174
$9172
«9170
09168
9167
¢9458
e 5450
S hby
« 5439
«9435
e 9432
« 9429
69426
$9423
$ 9421
«9419
09417
$ 9416
9414
69412
09411

9410
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APPENDIX - IIIX

The values of 4, K, p, hy and a were obtained fram
the load-deflectim data available in the Highway Engineering
Laboratory, These alangwith the procedure of obtaining the
Regression line (Figure 17) is given below :

Slab , AK -
No. hem aaem, &ah Aem p Kg/em® XK Kg/em® == x 10
- . . P .
1 8 16 1,875 0,05 2.0 5.3 13,26
‘ 0,1 3.13 5.3 16,92
0,05 1.4 8,0 28,55
2 10 16 1.5
. O.lo 204 8.0 33.34
- 0,05 0,85 5,0 29,4
3 8 156 1.875 .
0.10 1.5 5.0 33.33
0,05 1.2 6.5 27,1
4 10 16 1.5 .
0,10 2,175 6,5 29,82
0,06 1,35 4,5 16.66
5 12 16 1.25
0.10 2.275 4,5 19,8
0,05 1.8 7.0 19,45
13 15 i§ 1,0
0.10 4,75 7.0 14,72
. 0,05 2,45 6.5 13.26
15 18 16 1.25
: 0.10 4,0 6.5 ' 16,26
0,05 3.6 6.4 10,5
16 156 1§ 1.0 : .
0.10 6.1 6.4 8,9
' 0,05 2,8 6.0 10,7
17 12 16 1.25
0,10 5.8 6.0 10,35
O, 05 2. 9 60 2 1007
18 10 1§ 1.0 '

0,10 6.2 6.2 11.92
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Calculations for finding the Regression line

s.No a/h =x

xa

- -3
T weet
1  1.87 3. 5156 13,25 24,85
2 1,875 3, 6156 16,92 31.74
'3 1,50 2, 2500 2B, 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 1.5626 19,80 24,74
10,  1.25 1,5626 16,66 20,82
1. 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, 1,26 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
= 40,94

g
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Sy = 3875 x 1073
$xy = 588,7x 1072
Nomal equatims are .
59 = a$x + bN,
Xy = a b x*+ b § x
Putting the values we éet' H
3, 7%= ax28+ Dbx 20 ——- 1.
| 5,487 a x 40,94 + b x 28 - 2.
From equation 1.
3.76 — 28a N
Putting this value in eq-2

b

3.7 = %_9._
20

5,487 = 40,92 a+ 28 (

Solvir}g the above equation 'wé get 3
a = O.'1362
Putting the value of a in Eq.l.
3.7 = ,1362 x 28+ b x 20
20 b = - 0,0636
5 b == ,00818 |
The equatiom of Regressim line is
y = 0,1362 x =~ 0,00318

AK |
or -; = 0,1362 (a&/h) - 0,0032

Calculations for Standard Error of Estimate
{y - ve?
——— . .

Standard Error of Estimate =



.
Where y = yg = deviation of points fram the line

of Regression.
N. = Total number of points,

S:No. (y-yo)x10™? (y-ye) ?x10”*

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 - (77
, Estimate - e S
7 9.'71 %.45 N\
8 7,01 49,25 R
1006, 563x 10~*
9 3,10 9,61 = |
. v 20
lo 0.0 0.m
11 1.42 2,02 = 1072 ./50,33
12 6.12 37.50 = 7,00 x 1073
13 0,45 0.203 = 0,0700
14 3,44 11,83
15 2,80 | 7,84
16 4,40 19,36
17 6435 40,40
19 8,19 867.156
20 9,41 88,70

L y-vo) =1006,563z10~4

W/ Py e
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APPENDIX - IV
LIST OF SYMBOLS USED

thickness of soil-cement base,

radius of loaded area.

the deflectiam,

modnlﬁs_of subgrade reaction,

applied pressure.

modulus of Elasticity of soll~-cement layer.
modulus of Elasticity of subgrade layer.
minimum radius of curvature.

maximum tensile strain,

vertical subgrade pressure,

flexural stress, |

Poission’s ratio of lower layer.
flexural strength,

total load applied,

Pp:lssibn's ratio of pavement layer,
edge load stress.

interior load sti'ess

radius of relative stiffness.
equivalent radius of resisting sectiom,
minlmum radius of curvature at fallure,
bending mament

empirical constant,

empirical constant,



79,

fallure strain in flexure,

number of stress repititims, |
di;nensicnless exp mant dependent o soll type.
A function,

4 function,



il

79,

fallure strain in ﬂemre.

number of stress repititims,

dimensionless expmant dependent o soll type.
4 function,

A function,
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