s el P KRV o e A e |

o

e

| m—

7.1 INTRODUCTION
7.1.1 Objects and Requirements of Pavements

The surface of the roadway should be stable and non-yielding, to allow
wheel loads of road traffic 10 move with least possible rolling resistance. The road
surface should also be even along the longitudinal profile to enable the fast vehiclsls

move safely and comfortably at the design speed. The earth road may not be able!

11:' s :'J.-'.-

any of the above requirements, especially durin | 3 g
: : g the varying conditions of traffic loas™

and the weather, At high moisture arying 1C 103

1= contents, the soil becomes weaker and soft and st
yielding under heavy wheel loads, thus increasing the tractive resistance. = I
unevenness and undulations of the surface along the longitudinal profile of he roud
causes v?m::al oscillations in the fas moving automobiles, increasing the fuel
consumption and the wear of the vehicle components, resulting in a considerable Incress )
In the vehicle operation cost.  Apart from this uneven pavement surface GHSS-

discomfort and fatigue to the passengers of fast moving vehicles and cyclists. * T

In order to provide a stable and even surface for the traffic, the roadway is provided Wi

d suilably designed and constructed pavement structure. Thus a pavement cons sting 014

lew layers of pavement materials is constructed over a prepared soil subgrade t0 Ve s
a carriageway. _ L

|
. 3

I'he pavement carries the wheel loads and transfer the load stresses lhfﬂ“ﬂﬁl _F "o
arca on the soil subgrade below. Thus the stresses transferred to the subgmées
through !hf: pavement layers are considerably lower than the contacl pres ;_'
tompressive stresses under the wheel load on the pavement surface. The reductio® =g
wheel h{ad_ !-.In.'_ss due to the pavement depends both on its thickness
Fharatlzte:rlrat{cﬁr of the pavement layers. A pavement layer is considered more efleCtls
superior, 11 1s able to distribute the wheel load stress through a Jarger arcd per UM e
of the layer. However, there will be a small amount of temporary , »
good pavement surface when heavy wheel loads are applied. One of the objectiV=r S
well designed and constructed pavement is th i PRYER, —aatiofl
the pavement within the .
number of repeated load a

pav refore to keep this elastic di" 1'r'r

Ptr_lﬂl.*f!ilhlﬂ limits, so that the pavement can SU

pplications during the design life. Sl
_i'l- .
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Based on the vertical alignment and the envirosmentsl condtions of the sue, the
pavement may be constructed over an embankment, cut or simost &t the wround levet
itself, 1t is always desirable to construct the pavement well above the maximam level of
the ground water 10 keep the subgrade relatively dry even during monsoons

7.1.2 Types of Pavement Struciure

Based on the structural behaviour, pavements are generally classified mio two
calegories :

(i) Flexible pavemenis
(ii) Rigid pavements

Fiexible pavements

Flexible pavements are those, which on the whole have low or neghgibie fleaural
strength and are rather flexible in their structural action under the loads. The fiexinie
pavement layers reflect the deformation of the lower [ayers on-to the surface of the loyer.
Thus if the lowér layer of the pavement or soil subgrade is undulated. the flexible
pavement surface also gets undulated. A typical Mexible pavement consists of f;mr
components : (i) soil subgrade (11} sub-base course (iii) base course and (1v) surface
course. (See Fig. 7.1 a).

SURFACE LOQURSE
gASE COURSE
SuUB-BASE COURSE

SOIL SUBGRADE

(o). FLEXIBLE PAVEMENT

"D hw gl aim b e s bl e CEMENT CONCRETE SLAB
ey BASE COUREE

SOIL SUBGRADE

(b) RIGID PAVEMENT
Fig. 7.1 Components of Flexible and Rigid Pavements

The flexible pavement layers transmit the w_!rli:a] or Eﬂmp{'ﬁil::t st:rg::: 10 the l:mu:
layers by grain to grain transfer through th:bpﬂmu of contact 3:?; gran - mumﬂ s
well compacted granular structure consisting of strong grade aﬁ*ﬂi ! miw
aggregate structure with or without binder materials) can ma lhwrmwl“ht Wit
stresses through a wider area and thus forms 2 aood flexible pavement Laxer,

1als and the mix
spreading ability of this layer therefore depends on the type of the matenals

. rnazerials.
e e - hest flexible pavement layer _
design factors. Bituminous concrete is one of the lar materials with or without

: || granu
Other materials which fall under the group arc. @ iy il
bituminous binder, granular base and sub-base Course materials like the Bound

i ixes elc.
Macadam, crushed aggregate, gravel, soil-aggregalc i o
al maximum on the pavement surface directly under

The vertical compressive stress is oressure uadet the wheel. Due to the ability to

the wheel load and is equal to the contact

-
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distribute the stresses 10 a larger arcd in the 5'_“"'"{ of a truncated cone, the SUregsae R
decreased at the lower layers. Therefore by taking full advantage of the Stress distrs gn '
characteristics of the flexible pavement, the [(ayer system  concept was devela e
According 1o this, the flexible pavement may be E{IHSIFUFIE{I in a number of layer Enl‘:M |
top layer nas to be the strongest as the highest compressive stresses are to be sustajp Edm;i—{
this laver, in addition to the wear and tear due to the traffic. The lower layers have to b?“
up onlv lesser magnitudes of stresses and there is no direct wearing action due tgo Ilih
loads. therefore inferior materials with lower cost can be used in the lower |vzt1-'l':1‘slmm:tI

3,

lowest laver is the prepared surface consisting of the local soil itself, called the subgrade. 4
rypical cross section of a flexible pavement structure is shown in Fig. 7.1 (a); this ¢ ﬂﬂsisg ji
of a wearing surface at the top, below which is the base course followed by the Ellh-hau

course and the lowest layer consists of the soil subgrade which has the lowest stabil;
among the four typical flexible pavement components. Each of the flexible pave n?"'hi*.;‘
lavers above the subgrade, viz. sub-base, base course and the surface course may .;ﬂnsi“.arg._:::

one or more number of layers of the same or shightly ditterent materials and specifications.

Flexible pavements are commonly designed using empirical design charts or equations
taking into account some of the design factors. There are also semi-empirical 'a'ﬁﬂé'f"
theoretical design methods. ] AT}

wl

Rigid pavements ' T

tl':."llil.l I

- & i i 1 -_|l|' & .
Rigid pavements are those which possess note worthy flexural strength or flexural
=

rigidity. The stresses are not transferred from grain to grain to the lower layers as inthe
ease of flexible pavement layers, The rigid pavements are made of Portland cement

concrete-either plain, reinforced or presgﬁszd concrete. The plain cement concrete slahsr:f:f
are expected to take-up about 40 kg/cm” flexural stress. The rigid pavement has the slahl%i;

action and is capable of transmitting the wheel load stresses through a wider area below 5

o+

The main point of difference in the structural behaviour of rigid pavement as comparedto”
the flexible pavement is that the critical condition of stress in the rigid pavement is the
maximum flexural stress occurring in the slab due to wheel load and the Iempemn&éﬁgf
changes where-as in the flexible pavement it is the distribution of compressive EH'ESEHE-:E

]
a'c'.‘-,E':,:i_

As th_i: rigid pavement slab has tensile strength, tensile stresses are developed due to I‘.h:.-r: -
bending of the slab under wheel load and lemperature variations. Thus the t:,r::rl.'-sﬁ"f‘::j{JE

stresses developed and their distribution within the cement concrete slab are quite’

'fﬁfffﬁ“[; Ther iEiFt pavement does not get deformed to the shape of the lower surface 8
It can bridge the minor variations of lower layer. e

o 1 :'

-F-' -‘ 11
The cement concrete pavement slab can very well serve as a wearing surface as well an =

pavement structure consists of a cement =

effective base course. Therefore usually the rigid

INTRODUCTION

layer has considerably higher flexural strength than the

layers. However these bonded materials do not possess as much flexurs)

Fln:ng.!h as the Eﬂl'l:lﬂlll concrele pavements. Therefore when this intermediate class of
: 15 are used In the base or sub-base course layer of the pavements, they are called

cemi-rigid pavements. This third calegory of semi-rigid pavements are cither designed as
flexible pavemcnts wnh‘ some currect‘mn factors to find the thickness requirements based
on experience, or by using a new design approach. These semi-rigid pavement materials

ha

ve low resistance 10 impact and abrasion and therefore are usually provided with
(exible pavement surface course.

7 1.3 Functions of Pavement Components

o,il Subgrade and its Evaluation

The soil subgrade is a layer of natural soil prepared to receive the layers of pavement
materials placed over it. The loads on the p?vemmt*ara ultimately received by the soil
subgrade for dispersion to the earth mass. It is essential that at no time, the soil subgrade
i5 overstressed. 1t means that the pressure transmitted on the top of the subgrade is
within the allowable limit, not to cause excessive stress condition or to deform the same

beyond the elastic limit. Therefore it is desirable that atleast top 50 cm layer of the
subgrade soil is well compacted under controlled conditions of optimum moisture content

and maximum dry density. It is necessary to evaluate the strength properties of the soil
subgrade. This helps the designer to adopt the suitable values of the strength parameter
for design purposes and in case this supporting la;-,r:r_ does not come uplo the
expectations, the same is treated or stabilized to suit the requirements.

Many tests are known for measuring the strength properties of T:hf': subgrades. Mostly
the test are empirical and are useful for their correlation in the design. Some of the tests

have been standardised for the use. The common strength tests for the evaluation of soil
subgrade are ;

California bearing ratio test
California resistance value test

Triaxial compression test and
Plate bearing test.

These tests have been explained in detail in Chapter 6 and in the
Materials Testing by the authors.

California Bearing Ratio (CBR) test is a penetration b ved 1
method of flexible pavement design. The CBR test i carried out either in the laboratory

.ooolal o is test 15 also
On prepared specimens or in the field by taking in-sifu measurements. Thi

+ i t materials.
Carried out to evaluate the strength of other flexible pavement componen * *
m stabilometer. This test 15 usad in

on soil strength.

book Highwa

test. evolved for the cmpirical

California resistance value is found by UEi_“E Hvee
4N empirical method of flexible pavement design based

; : il
_ Though triaxial test is considered as the most uﬂp:ﬂrtﬂl‘ll S0 This is because only 3 few
'S not very commonly used in structural design of pavem

theoretical methods make use of this triaxial test results
. , jvely large diame! g
The plate bearing test is carried out using a Fﬂlﬂt':glfhc pga.,mm layers. ~ The plate

the loag supporting capacity of supporting power
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usied for dr:h:mﬁningrlhﬂ L‘[ﬂftiﬂ ﬂ'lﬂf:i;ﬂ!»ls of s-:uhgradt and Other | o
m'm of the plate bearing tests are used in flexible Pavemeny des; p%.. :

* ihod and the method based on layer system analysis by Biv: Bn %
the determination of modulus of subgrade reactigp, ; istep ;N

qard's apprﬂuch.

hearing test 18
layvers. 1he e
ke MeLeod met
(he 1est 15 used lor
analysis by Wesiery

¢ b pase and Base Courses and their Evaluation
Sl Tidd e ,

I [ ]
N

These lavers are made of broken sStones, bound or unbound aggregate, Sop. t
<ib-base course a layer of stabilized soil or selected granular soil is als e |

nlaces boulder stones or bricks are also used as sub-base or soling course Howe M Som
h-hase course, it is desirable to use smaller size graded aggregates or sojl. e af the

or soft averegates instead of large boulder stone soling course of brick on eEittmuH

-ourse. as these have no proper interlocking and therefore have lesser regjs dge Soling

into the weak subgrade soil when wet. When the subgrade consists of fine grajn-_-,tiu 5"%3
when the pavement carries heavy wheel loads, there is a tendency for these bnumcf.ml.mﬁ
or bricks to penetrate into the wet soil, resulting in the formation of undulations and i,
pavement surface in flexible pavements. Sub-base course primarily has the similar ﬁwm-
as of the base course and is provided with inferior materials than of base course The
functions of the base course vary according to type of pavement. oy

Base course and sub-base courses are used under flexible pavement prlmanb'm
improve the load supporting capacity by distributing the load through a finite thickness,

Base courses are used under rigid pavement for

—in -

(1) preventing pumping ' #_#

(1) protecting the subgrade against frost action. . ﬂ,;n

s

Thus the fundamental purpose of a base course and sub-base course Is to pm\'ldil

SITESS transmitting mec!iqum 1o spread the surface wheel loads in such manner HE_L
prevent shear and consolidation deformations. R

T|'E|E sub-base and hase course
L'::EIJIIII:LE plate bearing, CBR or ¢
limitations. Some limes these

Wearing Course and iy Evaluation

la : . : gabh s
a bituminoys Surﬂlr:i:g:-:giu;jm s Surﬁi.':e water infiltration. In flexible pavemenk ey
acts like a base coyrse ® @ Wearing course. In rigid pavements, the cement *=

course. There are many types
co
- The type of surface depends upon the aval

magnitude of surface loads.

out bu':EEﬂ on the

MiXtures The 1eg has

Beam 4
L5l ar

Pavem ¢ also 5o
“NLas 4 whole.

Sability dens;

n figid Pay,,,::“ |
R

G
| '__.- .

ey i

lay_ers may be evaluated by suitable strength or M
tabilometer test. Each test has its own ﬂd?ﬂﬂuﬂ‘i;#ﬁ-f
characteristis, ayers are evaluated in terms qf pressure sUES

jability of ™
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13 DESIGN FACTORS

12.1 Factors to be considered in Design of Pavements

pavement design consists of two parts :

(i) mix design of materials to be used in each pavement component layer

(i) thickness design of the pavement and the component layers.

The details of hitumij?-:_:us mix design are given in Chapter 6 and the design of soil-
aggregate mixes and stabilized soil mixes are given in Chapter 9 of this book. The desizn
factors and methods for the structural design of flexible and rigid pavements are

presented in this chapter.
The various factors to be considered for the design of pavements are given below -
(i) Design wheel load
(i) Subgrade soil
(iii) Climatic factors
(iv) Pavement component malerials
(v} Environmental factors
{vi) Special factors in the design of different types of pavements.

The thickness design of pavement primarily depends upon the design wheel load
Higher wheel load obviously need thicker pavement, provided other design factors are the
same. While considering the design whreel load, the effects of total static load on each
wheel, multiple wheel load assembly (if any, like the dual or the dual-tandem wheel loads).
contact pressure, load repetition and the dynamic effects of transient loads are 10 be taken
Into account. As the speed increases, the rate of application of the stress is also increased
resulting in a reduction in the pavement deformation under the load; but on uneven
pavements, the impact increases with speed. Some of the important design factors
associated with the traffic wheel loads have been explained in the subsequent article.

The properties of the soil subgrade are important in deciding the thickness
'equirement of pavements. A subgrade with lower stability requires thicker pavement 10
Protect it from traffic loads. The variations in stability and volume of the subgrade 50il
With moisture changes are to be studied as these properties are dependent on the soil
Characteristics, The stress-strain behaviour of the soil under static and repeated loads
have also significance, Apart from the design, the pavement performance [0 a E£r¢ a;
“Xlent depends on the subgrade soil properties and the drainage. The Jmporiance &7

desirable properties of subgrade soil have been explained in Art. 6.1.
Among the climatic factors, rain fall affects the moisture conditions in the _mw _

ETEE fatures are prevalent during winter, the possibility of frost action in the
am
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ight of embankment and ; i -
r ral factors such as hﬂlgj‘ and its fe il |
e mmnﬂi[::ﬂ;ﬁpth of subsurface water table, etc. affect (he perfy Ongg
dgpti::;ul‘hr;:huice of the bituminous binder and the performange of ”I*-ﬂ‘-:-l:- |
pave 1

I I.;I
]

»ments depends on the variations _in pavement temperature wih 0 ity
Fﬂ:_ﬂn:-’ The warping Strésses in rigid pavements dEpeF[d on the ﬂailj"' g,
:E::;E qure in the region and in the maximum difference in temperature p. oy

€l Detween a

and bottom of the pavemtms.lah. 1ty
tn the case of semi-rigid pavement materials, the formation of gheir.

1K A0
patt

.m and the mode of propogation and the fatigu_: behaviour under
conditions of hair cracks are o be studied before arriving at a rationa] me 4_. i
for the semi-rigid pavements. 100 of gt

7.2.2 Design Wheel Load

The various wheel load factors to be considered in pavement design are ;- ‘-_.I. :

(1) Maximum wheel load 1k fos
(ii) Contact pressure |
(iti) Dual or multiple wheel loads and equivalent single wheel load N
(1iv) Repetition of loads - u _‘1_:.-;' 5.

Maximum wheel load R

The wheel load configurations are important to know the way in which the loadsefs

given vehicle are applied on the pavement surface. Typical wheel load configurationof
tractor trailer unit of a heavy duty vehicle is shown in Fig. 7.2. o

i '-..llln
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F18-72 Wheel Configuration of Tractor Trailer Unit . ==
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vertical stress at depth z

Il

- surface pressure

» = depth at which o; is computed
a = radius of loaded area

Using the above equation the variation of vertical stress with depth is plotted as given
in Fig. 7.3.

Contact pressure

As seen from the Fig. 7.3 the influence of tyre pressure is predominating in the upper
layers. Al a greater depth the effect of tyre pressure diminishes and the total load exhibits
. considerable influence on the vertical stress magnitudes. Tyre pressure of high
magnitudes therefore demand high quality of materials in upper layers in pavements. The
total depth of pavement is however not influenced by the tyre pressure. With constant
tyre pressure, the total load governs the stress on the top of subgrade within allowable

limits.

VERTICAL STRESS kglem®

Q02 4 6 8 10 12 14

= e | B R
s - ‘_,.-l""'"
25 Py L#_..
/ ,f]’_ L8 tonnes Migjon

50 -

s }l‘. 36t  1akgfem”
/

o, /7 \_ 3st, Thglem®
o 2
al 181, Thg/cm
o

'.I.EI::',.

"
i
r—l—I—-

Fig. 7.3 Vertical Stress Distribution

The stresses on the pavement surface under the steel tyred wheels of hultmfk carts are
very high. This d:marﬂ:ls use of very strong and hard aggregate for the wearing ;:Lﬁ;
of the pavement. However the stresses at a lower layers of pavement due to the
cart wheel are negligibly small as the gross load is very small.

Generally the wheel load is assumed to be distributed over @ circular m:.“ ?5":::
Measurement of the imprints of fyres with different load and inflation F::Tiﬂ" cafererice
that contact areas in many cases are elliptical in shape. Three terms In
'01yre pressure are -

Tyre pressure

Inflation pressure and

o TyTE pressure
pr Theﬂrﬂi““r- all these terms should mean the snmirﬂ:'l‘iﬂ fnuf: 5 be more than 1T
p “SSure_mean exactly the same. The contact press - vice versa when the fyre

2 and it PRI
©Ssure when the tyre pressure is less than 7 kg/em 27 od by the refationship -
Pressype exceeds this value. Contact pressure can be

_:

-
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! . = e 1 = : 1ty
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Load on wheel
Cf pressure = ———— T ————
Contact p Contact area or area of imprint

The general variation between the tyre pressure and measured Contact .‘ W
shown in Fig. 7.4. Nl

RN

TYRE PRESSURE

CONTACT PRESSURE

Fig. 7.4 Relationship between Tyre and Contact Pressure

Th: E'atin of contact pressure to tyre pressure is defined as Rigidity Factor. Thus vali
of rigidity factor is 1.0 for an average tyre pressure of 7 I-:g.r':mz. This value $”'
n unity for tyre pressures .‘*

10 maintain the maximum wheel load within the specified limit and to camy }'l
pavement mii?::ﬁ h;:ydi.uajth : neel p—hos Tq "4-*
s 10t imes the b n ny one whesh s ey oo S T
caused by one wheel load. Tr'lf?: ié‘iﬁ?; e e e by nl_lmer}::al]y adding the pre ;"H’
carred by any one wheel, See Fig. 7.5, In order il 10ad and two TR
dispersion is assumed to be a1 ar . By I: order to simplify the analysis. '1"-144= e
the clear gap between EI€ 01 45°, In the dual wheel load assembly, 1€t €55

and a be the radius of |

mr
o
R

Tic™h

Pacing between the centers ﬂfﬂlf 4:
teach wheel. Then S=(d + 23}_"_2 A

Y

e i

=l
B
||_'-:.'

L
pu— Y5

APPROXIMATE POINT
OF OVERLAP

e _l._.l.:..l ;‘.l_
< 1Yl

¥
-
L |
-
Nl
et
- |
-
"

(ress
?ﬂduﬂ'ﬂd are due to the effect of both wheels as the area of overlap is consi

wotal sIresses due to the dual wheels at any depth greater than 25 ;

equivalent 10 2 single wheel load of magnitude 2P, though this ;
slightly greater than the stress due to the dual wheels.

Equivalent Single Wheel Load (ESWL) may be determined based on either equivalent

deflection or equivalent stress criterion. Multiple wheel loads are converted 1o ESW
.nd this value is used in pavement design.

Suppose a dual wheel load assembly causes a certain value of maximum deflection A
at a particular g_epth Z (say, depth equal to the thickness of the pavement). As per
deflection criterion the ESWL is that single wheel load having the same contact pressure
which produces the same value of maximum deflection at the depth Z. Similarly by
stress criterion, the ESWL is the single wheel load producing the same value of
maximum stress at the desired depth Z as the dual. The ESWL is usually determined by
the equivalent stress criterion using a simple graphical method.

A straight line relationship 1s assumed between ESWL and depth on log-log scales
For determining ESWL the plot is made as shown in Fig. 7.6.

LO AR

(LOG SCALE)

|
y
|
|
|
|
:
r

EQUIVALENT SINGLE WHEEL

7= 25
DEPTH 7 (LOG SCALE)

Fig. 7.6 Graphical Method for ESWL

Two points A and B are plotted on the log-log graph with coordinates of A (P, d2)
and B (2P, 2S). Line AB is a plot which is the locus of points where any single wheel

. !
Ians:d 'S equivalent to a certain set of dual wheels. To calculate ::ntﬁs #tsrgﬁa’ﬁi
ob °mbly, it is essential to estimate a design thickness of the pave is used in design

‘ained at the assumed thickness from this graph. The same | _ |
| I kness then
::;]Eulauuns_ If the design thickness so obtained is equal to lh_c e;h:::; ':;fdtﬂﬁ
e ESWL calculations could be considered as correct. Otherwise pe
In heavy trucks and trailers, the load on each wheel mﬂfm;i:tfofitﬂhﬁdml':d“‘m;dm

Multiple v : hows an aranse
heels and tandem axles. Figure 7.2 S ing arangements also.

*M axles. It is possible to determine ESWL for such load

Exam
Ple 7,) -
kg cach for Flvtmfﬂl

uli:?calculat':’ ESWL of a dual wheel assembly '-"“‘"?in-ﬂsp;cmﬂ = 77 ¢m and distance
1ess of 15, 20.and 25 cms. Centre to cenire fyre

tw
=N the walls of the tyres = 11 cm.

l:;.'-l-l"-i_li';'-:t I_-l|| "I » 2! F I.. .I-é “I"_- T ey e R ] T P
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z L LETY :
-
E """""""""""" . : Ys
T 3760k — = — = = — — —— :
E l 2R
= | -.,JE
s 1 P =7044ny If :'L-
> | ane=ssem e i
x } 2P =sA08E kg :':-E'-"Ff:.
a ! 2% =sdcm s S
3 ! 3 i
- | VA
| sy
TCIWESS . om ‘*t&ﬁ
Fig. 7.7 ESWL Calculation (Example 7.1) i
.S,
Solution | H 5@
Here P=2044 kg; 2P =4088kg;d=11 cm; S=27 cm péé’
X and Y points are plotied on a log-log graph between ESWL and pavement thi ness 3
(See Fig. 7.7) 8
X has coordinates (P, d2) = (2044, 5.5) E
Y has coordinates (2P, 25) = (4088, 54) f,%'

On the X-axis, points corresponding to pavement thickness of 15, 20 and 25 cms &€
marked and vertical lines are drawn from these points to intersect the line A¥s
Hl:rn_mnm] lines are now drawn from these points on line XY to meet the Ym.f
obtain the corresponding ESWL values at these pavement thickness. ESWL "ﬂ""ﬁ o
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e pavement structure fails with N; number of sepetitions of 7. TR

s if Na number of repetitions of P; kg load can 2ise capser Slore of Ge cume
; )

ment siructure, then Py and FEHI are contidersd e S MeLeod b presr &
:l'_{Ur'E fﬂ'f Eh‘{]i'ﬁ"ing E-ffﬂmﬂ!fﬂf I‘ft"ﬂdfﬂcf"rl &ﬂ' &HM fﬂﬂ LT,

\clLeod assumes that Ih: p2vement thickness which are designed for 2 grven wher

For computing equivalent load factors, the plot similar o Sz oz gees mFig 73 w2
considered by McLeod. ﬂne fourth the dcs:grf ﬂu:ctnns were p!a::d Lor varions weee!
1nads on vertical axis against m:ﬁm application and 1ota] thickness (1055) anre
sloned on vertical axis drawn at 10 repetitions. The respective repetitions arz thes read
&om the figure for different loads at a pavement thickness of 25 om (which is 28 av-rags
+ickness for highway pavement on an ordinary soil subgrade). The vaives 50 oftamed
se= ziven in Table 7.1. If the wheel load of 2268 kg (5000 [b) and the Qulors sumber of
repetitions for 25 cm thick pavement are taken as standard, the mumber of Gulze
repetitions for higher wheel loads may be obtained from Fig. 7.8. The number of fakars
renetitions for 2268 and 2722 kg are respectively 105,000 and 50.000 2ad s0 72 ig
may be considered equivalent to 105,000/50,000 = 2.1 times the foad valoe of 1068 &z
Hence the eguivalent wheel load factor int this case is taken as 2] erszy 2 Ioe
equivalent wheel load factors for various wheel load repetitions are given m Tadle 7.1

FLEXIBLE PAVEME''™™ MICKMNESS (tm)

NUMBERS ON UNES INDICATE
5 wHEEL LOAD IN E§

w'

TR
REPETITOND

sctors
Fig. 7.8 Repetitions and Equivalent Load ¥

| ¢ fi eact; CHEEIy
“ffﬁ:ﬁ::t load factors are employed to convert daily wafl
for des;
om design purposes. e abor. comcept ¥

3
Naluayy, & Sfate Highway Department of USA empK
8 the design repetitions of wheel loads.

o T i = Wiy g i TP = jeatpm e R —— -
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Table 7.1 Equivalent Wheel Load Factors

Example 7.2

Calculate design repetitions for 20 years period for various wheel loads equiy "
2268 kg wheel load using the following traffic survey data on a four lane road.

~ trafficvolume |

Average Daily Traffic
both directions

Total volume

(consideration traffic growth)
215

Solution

u E _‘ i
AP SRR A 3 e R

Design repetitions for a period of 20 years calculated as given in Table TJ'.I--ET -

equivalent load factors have been taken from Table 7.1 Al

l!

.l
b
| |
=
-
d
m

Table 7.2 Design Repetitions Equivalent to 2268 kg (Solution to Example 7:2) ;

Wheel Percenta sign repetitiont |
loads P"'[_:’*T'+ - Days/ [Number| Equivalent -

(both direction) for each g |

kg  load years |of years|load Factors g load_{

) = g0ndl

2{]' .:l;'IJ r.l

2268 215 x 13.17/100 365 x

» |
2722 215 x 15.30/100 x 365 x 2
" 4

3175 215 x 11.76/100 365 x 20
iﬁzﬂ 215 «x 14.11/100 x 365 x 20 &
4[;22 215 x 6.21/100 = 365 x 20 16
6 215 x 2.84/100 =% 365 x 20 32
| | Total estimated repetitions (two dire:tinns}n i ’|I.
Design repetitions equivalents of 2268 kg wheel load per lane = 75305611

- 1538

P L e

7.2.3 Strength Characteristics of Pavement Materials

For desi s ; eI
strength F'&mmlgn F:?::??" : 's required that the various pavement materials 87 ool
, s :"*' ‘0 the design method employed for the purpos® ogg®.
course and base course are evaluated by d'ﬁﬂrﬂ:t S
strength values evaluated are : BEER

=

&
.l',i,.. n

P
'_.l. i s
._r :'.I : -'Il:llp
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i) California Bearing Ratio (CBR) value
i

iy Elastic modull

nia Bearing ratio

Califo .
The test has been explained in article 6.1.8. The strength values so obtained for the
erials rested are of relative significance and do not provide as absolute measure.

?";ﬂ_ﬂ are design methods which employ the CBR strength values of materials used in

{ifferent pavement layers.
Flastic Modulii

Depending upon the design methods, the elastic modulii of different pavement

materials are evaluated. Mainly, plate bearing test is employed for this purpose. This has
heen explained in article 6.1.8. Further modulus elasticity or modulus of deformation of
highway materials may be determined from triaxial compression test.

The elastic modulii values of the following are determined by plate bearing tests :

(i) Subgrade modulus
(ii) Elastic modulii of base course and sub-base course matenals.

Subgrade modulus is computed from the plate bearing test data. Boussinesq's
settlement equation for maximum vertical deflection A at the surface and the centre of 2

flexible plate is given by :

_ l5pa (7.2)
. E

5

Here p is the uniform pressure on the flexible loaded plate of radius a. Es is the
modulus of elasticity of the soil. i
. . ey ' f flexible one, the
If the load is applied by means of a rigid ElFEUlﬂI plate instead of flex :
pressure on the surface is not uniformly disn'_lhu?mi and so the theoretical value o
maximum deflection A at the surface in this case is given by :

1.18pa (7.3)

A= E,

Plate bearing test conducted with a mild steel plate is
“ondition of rigid plate as in Eq. 7.3. But the wheel loads through

] r = mi
:m!'r be considered as flexible plate loading Of loading with
ressure,

If the level of design deflection is defined, then from m;zpﬁ:m iy
::f Biven soil subgrade with the plate of diameter = 22, recorded
M the test plots. Frem Eq. 7.3,
pa .
S = | g8 —
ubgrade modulus Es 1.1 = "Ll
Further extending the definition of subgrad O alysis cons Sering it & modulus

W ey Tl L

:.".'-_'."l':...';.l'"'.' .._._I

T e AL b

-_".:":- |-:" il = _.'_l'-'l I. —
Lk R Tt T, 3 T S Sty

= '—"I:I.-'."'.

T
W

-

A r i Ty W .l' . T
e a
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For computing elastic modulii of pavement materials, Burmister's o
or

Veryy

system analysis 15 employed. The CAEpIBpEEN Ef]llﬂt ons Ei"-iEn by E:unﬂi':‘:t.l:ﬁ‘ﬁ:h.
taver system consisting of a pavement layer of thickness h with elastic modulys EpE:
n;szr the subgrade is given by PN v ,, “T |
A= 1.3 EEE . F2 (For flexible plate) 2 ‘f‘}%
s R
A = LI8 b . F2 (For rigid plate) . :EE,
B )

=T

With known values of design deflections, yielded pressure p, subgrade mﬂdulu-;«i
and radius of loaded area a, the value of displacement factor F3 is obtained. F{ﬁii‘a
dimensionless factor and depends on the ratio of modulii of elasticity of E“hmaff

pavement Es/Ep as well as the depth of radius ratio, z/a.

&

Thus using relationship between Fy and the ratio of pavement thickness tﬁ .r.‘di_ﬁr:i o
contact area, h/a the modulii ratio of subgrade and pavement material, Es/E, is cal ats

(See Fig. 7.22 given later). Since the value of Eg is known, the value of elastic mﬂdﬂﬁ; .
of the pavement Ep is thus obtained. | 1::_-:%-,
7.2.4 Climatic Variati =
.2.4 Climatic Variations P :};:-%l[
The climatic variations cause following major effects. i
(1) Varation in moisture condition é’;?,"
(i1) Frost action | u.,"i‘f |
vl F&{ -
(11) Variation in temperature e NG
. Ji R :.:.
The pavement performance is very much affected by the variation in moisture and

soil due to these two effects

ue 1o Variation in temperature generally affects the pavel
materials like et

bituminous mixes and cement concrete. i
Variation in Moisture Content LT. 9

Considerable variations in moisture
year, depending on climatic conditions
drainage conditions, type of pavement
may enter the subgrade either through th
th it is porous. The subgrade moisture
table. The moisture movement in s

movement. However, hi
surface and sub

condition of subgrade soil are likely durinB 2c.
» 50il type ground water level and its VAP Lol
and shoulders. The surface water durinB 2 es

L= Ll S
e pavement edges or through the pavement I2e

.!..!-:-. .r_
a4 e
N e

k

variations depend on fluctuations of E"?'r‘;df
ubgrade is also caused by capillary action 8N%.5Epet

l
|
-

g-h mﬂiSIUI‘E '\I’H.[iatiun_g coul rﬂ?iding, _'_.
surface drainage system d be controlled by p |

The stability of most of the

AL
i

conditi he subgrade soils are decreased under adverse: S
volume (swelling and s O With high plasticity will result in VarsCagl
of subgrade be 3¢) With variation in water content. As the moistur® *=rags
b diftaren delow the centre is often different 1 iy

g from that at the pavcmﬁﬁl 4#-="' i

i
al:f subgrade  soil, These effects are likely l:#- A
cimn " . oo SN
ents Enﬂ WI" H.Iﬂﬂ 1'}: progressive Eﬂd cumulﬂ“ _LF:_ . :‘E

Py .;':'.

|_i't‘en:nt|a! rise or fall of
m:ll_mg and shrinkage of
considerable damages ¢ the p
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Fﬂﬂ f A ol jon

Frost ack ion refers to the adverse effective due 1o frost heave, frost melting or thaw
4 :hg J[ternate cycles of freezing and thawing. The frost action in general includes all
an

foclS sssociated with freezing temperature on pavement performance.
eflec

The held water In 5uhgrade_ sc:-ilrﬁ:-nm ice _-:rj,fslalﬁ al some spots if the freezing
Jtures continue for a certain period. These ice crystals grow further in size if there is
lempers ous supply of water due to capillary action and the depressed temperature
3 CEELI:E This results in raising of portion of the pavement structure known as frost heave.
con -

he frost heave €ases uniform raising of pavement structure, the subgrade support is not
“;l :isel}' afTected at this stage. However non-uniform heaving may cause damages.
adv

, + increase in temperature would result in melting or thawing of the Frnzr{n
. 5: hifgiiﬂ;nd coften the road bed. The load :'.:anjfing capacity of the 5_ubgrade is
; dr}r bly decreased at this stage due to the voids created by the melted ice crystals
:unati Erzgissive water trapped in the thawed soil below the pavement. Under heavy
T::LII.T':E]E the pavement would deflect excessively causing progressive failure due 10

qecreased load carrying capacity of the subgrade.

The freezing and thawing which occur alternately due to the variation In weather
causes undulations and considerable damages to the pavement. !—Ir:m:z the overall :ﬁ:::ts
due to frost heave, frost melting and alternate freeze-thaw cycles is called the frost action.

The various factors on which frost action depends may be broadly classified as :

(i) Frost susceptible soil

(i) Depressed temperature below freezing point
(iii) Supply of water
(iv) Cover

The soil type, grain size distribution, permeability and capillarity of soil influence
frost action. The temperature below freezing point ot
temperature determines the depth up to which frost E“‘::l' ot wow st THe
continuous supply of water, the small ice crystals formed ¢

: tan or soil ceclion.
supply of water may be from the ground water due 10 the !:"p;"ﬂf}’ action
The rate of heat transfer depends on soil density and (exture,

moisture content and the
_ : .o The type and colour
proportion of frozen moisture in the soil mass under consideration. _

of the cover affects the heat transfer from the atmospt * an that under alight
For example temperature under a black top pavement will be higher &

Coloured pavement or base course.

: the d
One of the most effective and practical methods 10 decrease

Waler and frost action is to install proper ﬂuil,-fﬂfbgmdﬂ. up o
Construction of base. sub-base and top layer Of 575~ haracterstics

i gc
!Efﬁnula]- and non-frost susceptible material 'f"'“h gﬂfﬂ_l ﬂﬁ o
;::‘E i Wilhgmnding the adverse climatic conditions.

: _ : o
Providing a suitable capillary cut-off. 1t15 also Fﬂﬂahili:ﬁd coil mix may be designed

: reeze-tha les.
frost 4ction on pavements by soil stabilization. The -dry and N

" i & wel
cWstand the adyerse climatic conditions of altersy ided for
Suitah]e

. * X . 'Ed- E."-d p‘ﬂ\'l
stabilized soil mixes may be design Its like the soil-waler
ourses ang even at the top layer of Subﬂl'ﬂd"-mfﬂﬁﬂzinﬂ “mwmnf |

loride when mixed with subgrade soil Iuwe:-sﬁnﬂ action.
"ence temporarily decreases the intensity ©

It 7 -I'".n' -.i‘l i
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"lr-l-l-n.ni-—-p e i e atm
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e eraine dire 1oy climatic chan s Nu . T e
peratire stresses of high magnitude are Induce - e i
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o daily varations n temperature and Lonsequeny }: '."
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From the above discussion. 1L is evident that the design and Performance of it
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“.3.1 Flexible Pavement Design Methods

-"i . - 3 - f 'I-.llllll il |
GESIS Process, 1t 1s to be ensured that under the application of load none of the layer v
| - . : e layersy
oversiressed. This means that at any instance no section of the pavement structure &
5 -. .J:.II.; |

'5 I - - F -
ubjectad 1o excessive deformation to form a localized depression or settlement, @

"'-l:. III.QI,'

As discussed earlier, the flexible pavements are built with number of layers Sl

ma.;h;u gux;r?:ilmdmtms"rry of stresses occurs in the top layer of the pav s

SRS © Ol load swresses reduces at lower |
; : ayers. Hence the superior pavement

materials are used in top lavers of flexible pavements. i sy

EXpre I | ol s A
pressed or predicted theoretically by mathematical laws. Flexible pavement design

ical or semi-empirical. In these me'l:hmh, 3 v
;l:f h[;havmur of the pavements in the past ar¢
S | s therefore incl soil
c!as:-'.fﬁf:alml?f like £roup index Value and methods based uid:nifl:fhr;; t;lf:d 'i-!:"

value) and subgrade support buﬂff

pavement design may be thus classified lﬂlﬂk

atical computations. Each one PS8R

il ”i' the 'l.r'.il.":'urlll‘. Plesible (RS Cimt (a1 Ot o boll s
'. i

il NEE
ARNGIFYE

(reoup ndex miethed
(1)

- wliforni Bearing Patio method
(18} ' '

f"1|'t['ﬂt'l1l'£!~ |2 value ar stabilometer methnd
(18}

(iv) | riaxial test method

(V) wcl.eod method

(vi) Burmister method
Of the design methods, the group Index, CBR, Stabilometer and Mcleod metheds ==
mﬁirica’l nethods. . The Triaxial test method is a theoretical method using empiricas
-

ficati State Highway Department 2nd therefore mas be
fications as suggested by Kansas | +
T:Hd;mmd as a semi-empirical method: Burmister method Is @ theoretical 2oprossh

using elastic two-layer theory.

2 3.2 Group Index Method

D J Steel in 1945 provided adﬁnﬁswnqnﬂmpap:r ‘ _
Roard method of soil classification which uu:[un?ﬂ:l the suggested thickness requirmments
based on Group Index values. As discussed inam?k&.lﬁﬂmmm{ﬂn valus 5 &
& e fer Eqmﬁ? 'I'hfél values of souls v:}:ﬁu mm;
liquid limit and plasticity index. Refer Eq. 0.1. e Fang
mlqzu. The higher the Gl ualue.weakﬂnsﬂm?mlmhgmdeardfmaum\mﬂnﬁ:
volurne, the greater would be the thickness requirement of the pavementL.

- . .
i for Group Index method for determining the pavement mu:km_
O hTR TS, Thet ; in this method 15 diﬂdcf:l in thres groups

given in Fig. 7.9. The traffic volume

To design the pavement thickness by : :
found. The anticipated traffic is estimated . chosen from Fig. 7.9-b and the

indicated in Fig. 7.9-a. The appropriate design curve is - found from the Group
total thickness of pavement (surface, base and 5ub-h:h£: ﬂ““ﬂ 5¢) 15
Index design chart corresponding to the GI values of the sotl.
Discussion
: pirical methed based on
The GI method of pavement design IS ‘?Emﬂdm ﬂnm; consider the mﬂﬂ
Physical properties of the subgrade soil. Th::f:'z is open 10 question regarding

“haracteristics of the subgrade soil and the
W _ e of the 501
eliability of the design based on the index propernics o

Method is illustrated by the following example.

Example 7.3

S0il subgrade sample collected from the site
% Biven below

. .
e | P e e Lt |
VL T T e kil

—— —
W - 1 | n
== e e i Lty g drl i

1 il ! !
- - LI.
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LIGHT
(LTSS THAN
10)

SELECY SUB-BasE
THICENESS, vamy
WITH SUBERADR

CHARACTERISTICS

cROUP INDEX OF

SUBCRADE
A

-' -
Excellent | Eﬂﬁ' TL' 0 ' ' . '

O 3 W s 0 25 30 35 Q0 45 S0 5% a0
THICKNESSES ¢m

(b)
— Combined thickness of surtace, base and sub-base
=== Thickness of surface and base.

Fig. 7.9 Design Chart by Group Index value
(1) Soil portion passing

0.074 mm sieve, percent = 50
(1) Liquid Limit, percent = 40
(1) Plastic Limit, percent = 20

Design the pavement sec
of over 300 commercial vehicles per day.

Solution

From G | Chart

(1) Numerical value Irom

. Cliart 1 _
sieve = 50, is equal 10 3. e EL

40 and percent passing ﬂ-ﬂ?“.;

P1=20 and percent pasing 0.074 mm sioye o g Merical value from Chart &

tion by group index method for the anticipated traflic vﬂ" me:
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from G 1 Equation

Gl = 02a+0.005ac+00] bd
A = J0-35=]5b=50-15=135
¢ = 40-40=0;d=20-10=10

Here

Glvalue = 02x 1540+0.01 x35x10=3+3.565 say7

Pavement Thickness Determination
The subgrade soil may be rated as poor from Fig. 7.9 (a) as the G.L.. = 7. Traffic
volume may be taken as heavy. The pavement layers may be designed either using

Fig. 7.9 (a) or using the design chart given in Fig. 7.9 (b).
From Design Chart (Fig. 7.9 b)
(i) Thickness of sub-base for Gl of 7= 17 cm

(i) Combined thickness of surface, base and sub-base course (using curve D for heavy
traffic) =47 cm

Hence thickness of base and surfacing =47 - 17 =130 cm

Discussion

[t may be seen here that the quality of sub-base and base course materials is not
considered in this method. The strength characteristics of the pavement mmls also
influence the thickness requirement. In this method, the emphasis is given only on

subgrade soil type and certain physical properties of the soil.

California bearing ratio method |

In 1928 California Division of Highways in the U.S.A. developed CBR method fr
pavement design. The majority of design curves developed later are based ::-n the orig
curves proposed by O. J. Porter. At the beginning of the second World War. ﬂb:di ﬂf?f‘j
Engineer of USA made survey of the existing method of pavement design and ap-::r
CBR method for designing military airport pavements. One of the chiel Edﬁ':m'i; ?n
EEF; method is the simplicity of the test procedure. Detalls of CBR tests are expla
aricle 6.1.5.

Jfﬁﬁﬂ%fk%ﬁ%%?%mmmmwﬁﬁ1 e - S S R M e e e e R e b e o o i 2o n o

e

1 - on
The CBR tests were carried out by the California State Highway Department

oo on the
“Xisting pavement layers including subgrade, sub-base and base COUS® Bl

| : isfactorily and those
ensive CBR test data collected on pavement which hehm":'d;::f CBR v:Iu-: and the

Which failed, an empirical design chart was developed correlating U h a given CBR
p“EF‘E“t thickness. The basis of the design chart is that 8 Md oud needs a thicker
“duired a certain thickness of pavement layer as a COVET. . e CBR value with
F: "sment layer. to protect the subgrade. Design curves mﬁ:}ﬁmm State Highway
Dlul Pavement thickness cover were developed by the.--% light and heavy traffic.
Lﬂpam“"’-'ﬂl for wheel loads of 3175 kg and 5443 kg representive = olation for medium

Aler the design curve for 4082 kg wheel load Was obtained by in{eTPY

l
affic, The design curves are shown in Fig. 7.10.

- EmﬂiEE : ineers b
hEL Fadas Carried out by U, S. Cormps of Eng sure and .
I \:::;.:' nship between pavimr.nl thickness, wheel Joad, ET;;:: extend the CBR GeS(EA
'='|.|r||.rmI 4 range of 10 1o 12 percent. Therefore it s P‘.EI.
* for varjous loading conditions, using the eXpres>
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b e
= ary
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7S hg WHEEL LOAD
(LIEHT TRAFFIC)

CBR pr

: 5

. & LTEF_EE
CBR =

However these expressions are applicable only when the CBR value of thl! o i
soil is less than 12 percent. i

i "R
e A Y
s | ..'I[ !
i =
b i . J
| =

Here, t = pavement thickness, cm
P = wheel load, kg P
gLl :
CBR = California Bearing Ratio, percent B

P = tyre pressure, kg/cm’

A = areaof contact, cm’

P L
The I“_diﬂ" Road Congress has recommended a CBR design chart for tem= ﬂ;

India. D_lfftren'l curves A, B, C, D, E, F & G have been given based on 'h‘} :j,;'?': 4]
commercial vehicles. See Fig. 7.11. This design chart is similar to the one folO¥SSEES
Pavement Thickness Determination = ase]

!__ .l'l.llll 1
=y : , .. b
12l

F

wheel load as given in Fj

given in Fig, 7.1 1). Th 8- 7.10 or by taking the anticipated raffic into

fl;;lhe total thickness of flexible pavement 3 Al
i - : SUET L
the soil subgrade, sy R value is obtained. In case there is a mater’ thickgh
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Fig. 7.11 C.B.R. Design Chart (Recommended by IRC)

Thus CBR method of flexible pavement design is based on strength parameter of
subgrade soil and subsequent pavement material.

IRC Recommendations

Some of the important points recommended by the IRC for the CBR method of design
(IRC : 37-1970) are given below :

(a) The CBR tests should be performed on remoulded soils in the laboratory. In-situ
tests are not recommended for design purposes. The specimens should be prepared by
static compaction wherever possible and otherwise by dynamic compaction. The
standard test procedure should be strictly adhered to.

(b) For the design of new roads, the subgrade soil sample should be compacted at
'D!"'*“: to Proctor density whenever suitable compaction equipment 1s available to Hh""f
this density in the field: otherwise the soil sample may be compacted to the dry dﬂ;i
“Xpected to be achieved in the field. In the case of existing roads, ‘““: sample shou
“Ompacted to field density of subgrade soil (at OMC or at a field moisture content).

: days
(€) In new constructions the CBR test samples may be soaked in Wafef for o ¢

F::ind before testing. However in areas with arid climate or W
thi;:ha“ 50 ¢m and the water table is too deep to affect
soil S?Jr;d-'mpﬂnﬂ'&ahl: bituminous surfacing 1s pf;ﬁiﬂ;ﬂ
. “retimen before carrying out CBR test
m i
s condition of the subgrade should be determined from

mugd} Atleast three samples should be tested on each [ype ”!“:] of the three specimens
Slure Content. If the maximum"'ﬁﬁﬂliﬂ“ in CBR va ue

’ erage of
UPto 1go (The specified limits of maximum ?Hﬂ;‘;m 50%).

%S for values 10 to 30 and 10% for values tleast uplo 9% o 100 pereent of

mmll wa - "
Wl .1:..&:'--'...—;.:'.5:'1!:'-1'.";!1|:ﬂ‘a'.l- L=l gttt = L R e e el T Wy
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» traflic to be carried by the road payep,

1 » of th : : 4 Ehitg Ht' +|1 |
An estimate © . Leoning in view the existing traffic the

lﬂ- life should be made Keepiis hould be designed o Probah, mﬂ
expected 115 payements of Major roads shou ; gned atleast o, Iu"'h"‘h
Al Mt used in such cases ; B}

mtfi fj 1nd the following formula ma) be tor estimating ‘m
rraflic 0+ 10) A
Ao BB “
here A = number of heavy vehicles per day for design (laden weight > 3 tﬂl‘lr.qqhi
where = Onneg)
p = number of heavy vehicles per day at least count - | |

= annual rate of Increase of heavy vehicles .
n = number of years between the last count and the year of ““mplei:l‘mu
construction. sl

= e
F '|.I.-'

The value of P in the formula should be the seven day average of heavy ‘“-'h]!h
iound from 24-hour counts. 1 reliable values of growth factor r is not available,a
of 7.5% may be assumed for roads in rural areas. i

(g) The traffic for the design 15 considered in units of heavy vehicles (of hﬂm?ﬁﬂ
excé-eding 3 tonnes) per day in both directions and are divided into seven categories Aly
G. The suitable design curve should be chosen from the Table given in the design chan,
(Fig. 7.11) after estimating the design traffic given in Eq. 7.6-c. The desim'ﬁiﬁkﬁﬁi-

considered applicable for single axle loads upro 8,200 kg and tandem axle | iﬂf
14,500 ke. For higher axle loads, the thickness values should be further increased. =

i —

(h) When sub-base course materials contain substantial proportion of aggﬂli'
size above 20 mm, the CBR value of these materials would not be valid for the ﬂfEﬁhiﬁ'
subsequent layers above them. Thin layers of wearing course such as surface dressig®
open graded premixed carpet upto 2.5 cm thickness should not be counted towardi¥
total thickness as they do not increase the structural capacity as the pavement. ..co8 st

Example 7.4

The CBR value of subgrade soil is 5%, calculate total thickness of a pavement 8.

s = =
[ ¥ rij .- - . et 1 |
I T XN = ]

(1) design curve developed by California State Highway Department i
(1) design chart recommended by IRC o ’ |

(1) design formula developed by the US Crops of Engineers et 5
Assume 4100 kg wheel load _— —mercial VERIEEE
day for design. or medium light traffic of 200 co " _,
T}-TE pressure = § kg‘f{:m.: | | | .I; -'.| 'I' ! -|
Solution T A
. .‘j.l.:h :

(1) Using the des; .  the PR
. gn chart of California State Highway De artment, B S

(i) Using the design

i chart recomm . ﬁ._,,-_zntf 'L' 1
vehicles _ ended by IRC (see Fig. 7.10) e
cm. ber day and using curve p and for CBR value = 5% the thi 'h* "

(1) Using desipn formula ivenis B 7.6 ity *
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,

7 - T 1

- B LT

P [EHH pt]
P = 4100 kg
p = 6kg/em’

|

t = Y4100 [1%-5--# ' =355 em

E«IH m I}I'E 7 .-5

Soil subgrade sample was obtained from the project site and the CBR tests was

conducted at field density. The following were the results :

— 00 [ 00 | 30 [ %65
— 50 | 40 | 615
162 |50 | 753

It is desired to use the following materials for different pavement layers.
(i) Compacted sandy soil with 7 percent CBR
(ii) Poorly graded gravel with 20 percent CBR
(iii) Well graded gravel with 95 percent CBR .
(iv) Minimum thickness of bituminous concrete surfacing may be taken as 5 cm

The traffic survey revealed the present ADT of commercial vehicle as IE!I]-_[I':;“ i':"t::
annual rate of growth of traffic is found to be 8 percent. The pavement constructs
be completed in three years after the last traffic count.

(a) Design the pavement section by CBR method as recommended by [RC, usi
four pavement materials.

(b) Suggest alternate design without using poorly graded gravel.

Discuss the limitation of CBR method of pavement design in the y
results.

ng all the

ght of the above

Sﬂlutinn-

CBR Valye of Soil Subgrade

- The plot is made between load in kg versus FE“;":;T ;g
Wined for soi subgrade as given in Fig. 1A%

after “Orrection) are 55 and 78 kg respectively.

data
lunger for the fest
I;.I'Id 5.{1 mm Ftl'h‘.‘lfﬁiﬂl'l
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C.B.R. value of soil at 2.5 mm = “ressure on plunger @ 2.5 mm penetration for :';ﬂ’.
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358
- — 0 is again used for CBH‘ value of 7 percent. Pavement Bickness of 40 em
.,-uru“i-*rﬂ 1 above the compacted s0il subgrade having CBR value of 7 perien: and hence ﬂ:
, : n:l;l:HLII thickness of this layer Is 35 = 40 = IS cm. Similarly the thickness of pawn'ﬂﬁ
*"f Lred over poorly graded gravel .nfCHF. 20 percent and well graded gravel of CHR 54
rjﬂcm are 21 cmand & cm respectively.
P
a2

The designed pavement section is shown in Fig, 7.13,

"aem BITUAMNOUS SURFACING

_._—-—ﬂhl“ﬁ_
i1 cm

: 13em WELL ARADED GRAVEL CBR =83%Y I

a0 « S LD em
:
I

|

I

. e H

' R <

‘I A o T

I ‘i g _ .:-

‘ -l

: | ) 19 em POORLY GRADED GRAVEL CBR = 20%, 55 cm
50—t

20 ‘ : . -:-',,_ |

: .

l

]

LBAPS ¥p
-
=

1S ¢m COMPACTED SOIL CBR=7%,

. e —— TN
¢ 1 a Y - - - ..1_['_-;
PENETRATION, = SOIL SUBGRADE CBR = 4%
e g OT TO SCALE
Fig. 7.12 Load-Penetration Curve (Example 7.5) Lo ™ )
78 1?" Fig. 7.13 Pavement Section by CBR method (Example 7.5)
Pressure at 5 mm penetration = 0% kg/cm?® ol Alternatively, if it is considered not to use poorly graded gravel as employed above.

;;"- ;1' then the design section would be as shown in Fig. 7.14.

Pressure as above for standard crushed stones. =
55 100 by s 8 cm BITUMINOUS SURFACING
= _=- SN e
= w 30U _ o1
196 20 4.0 percent e | -
CBR=15%
CBR of Soil at § mm _/5%100 _ 25 32 cm WELL GRADED GRAVEL §5 cm
19.6 x 105 - P
Adopt CBR value = 40 percent

15 cm COMPACTED SOIL CBR=7%s

SOIL SUBGRADE CBR = L%
i
Fig. 7.14 Alternaie Pavement Section (Example 7.5)

A (n + 10) g
= PO+ <1200 | 14— s
100 Discussion on Limitations of the Method e e v
= - The C sadvantage. [t ma¥ layers
Therefore Des 3260 '-"EhIEIESJ"dﬂ}" LT *hic:knm H:.{ mr.thud. suffers 'ﬁ-um o dﬁ cm though the pavemen component e
the Bn Curve F is to be used f : : volume 251 Are 3 Ol construction remains same L€. The thickness of construction i
range 1500 to 4500 cv/da or design as the design traffic YVEE Sy . OF different materials with different CBR values: BA% 00 ial 10 40 om thoue®
; : ey W PMPacted soil of CBR value 7 percent is same in both €A5E% 1 Where a8 in the seccnd

e cage poorly graded gravel of CBR value 20 FT:::JE 9§ percent
been replaced by well graded gravel

has-:hemfm“ the first proposal is more .:anumil‘rllll at
Course js partially replaced by inferiof materia

'H u . 1 i Vo o iy b
T i = il ] = EmE it i 1 4
v ¥ = Wl B H

—1_.-.‘..- T .-...- ‘v .l_l I.‘. . -._. i -- I.. # Y - e |_-'_I: -:.ll.-_:I el i

e

ol

IR

v



. ss vide IRC : 37-1984 has revised the griv o
The Indian E{f g;i;nii; based on the concept of Cumulative SHEIJ“ jldﬁl : ﬂ'ﬁt
g t;:: «otal number of all commercial 'ﬁ'l.':hli:lf:ﬂ as done earljer. En{%}ﬂ
ather :1“ desien traffic more than 1500 commercial vehicle per day, the desin: tig
:d?:;:ﬁdrf;lin ‘erms of the cumulative number of standard axle loads of § Lo il

during the design life of the road. The mixed commercial vehicles yigp g ~_
luu:dsgm ‘0 be converted in terms of the cumulative number of standard ayle
carer for the design, using the equation :

65A[(1+1)" —=1]

N = x F iy

r L

where A = number of commercial vehicles per day when construction is compl B¢
considering the number of lanes. | | ':Ema
r = annual growth rate of commercial vehicles %
= design life of pavement, taken as 10 to 15 years i

&

e ._‘.n.
F = vehicle damage factor, equivalent to number of standard axies

commercial vehicle on the road stretch. This is a factor ;
number of commercial vehicles of different axle loads to r__‘ |
standard axle load repetitions. ek

-
-l

i
The total pavement thickness required is determined using the design chﬂ:l gyt
7.15, with the value of N; in million standard axles (msa) determined as mmlINﬂ AL :
the CBR value of subgrade soil determined in the laboratory. The IRC has also Sugge=t”

i e

minimum thickness of the pavement component layers of sub-base, base course 21655

|
;l 5

and the combinations for various ranges of cumulative standard axles. Fm__f - 1E
range of 20 to 30 msa, the sub-base course material should have CBR :Jlil’.l‘{lf-’_?‘
and the minimum compacted thickness of this component should be 390 to 482 0 s

course should have a minimum compacted thickness of 250 mm and --.-,_:L,':“{-';' g

of 100 to 15 mm dense bituminous macadam and 40 mm asphaltic concrete. e ;

Fitk A

1.3.4 California Resistance Value Method _ ':_ _ Bl
F. M. Hveem and R. M. Carmany in 1948 provided design T
stabilometer R-value and cohesiometer C-value. The working of the SUH e
cohesiometer are explained in article 6.4, Based on performance data, “--' F
by Hveam and Carmany that pavement thickness varies directly Wit @ s ¥
logarithm of load repetitions. It varies inversely with fifth root of o
expression for pavement thickness is given by the empirical equation :. i

% o) e
e L A

:

m
F

T — -K.—{TW_.-_R'] =I!I
cl/3
Here, T = 1o lhiclq@tss of pavement, cm

K = numerical constant = (.1 66

1%
—.:.':IE_.
A
o el
'-:-'::I-]Flr:_'l.
- '::'l. :
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Fig. 7.15 CBR Method of Pave
TI = traffic index = 1.35 (EWL)

R = stabilometer resistan

C = cohesiometer value

101 A

0.11

ce value

L

7 W0 20 30 80
CUMULATIVE STANDARD AxLES, 0

The annual value of equivalent wheel load (EWL) here
products of the constants and the numhe_r of axle h::fads.
different number of axles in a group are given below:

These contents were ﬂhlﬂiﬂﬁd

dHIE[ are

?ultiNFi“E by the appropriate ¢

'ding the EWL and traffic index

n California during 1955-56. Hence if

ed on the
- the annual average

available for different groups © f
onstant given

T1 has been !

157

ment Design by Cumulative Standard Axle Load

(7.8a)
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g e DESIGN OF FLEXIBLE PAVEMENTS -
E“:“ ol ren-vear EWL and T1 values using the fu"““'inﬂ AADT data ' (e designing a pavement as the thickness of the pas ‘ e |
i i ok nt is first assumed 1o consist of any ﬁmﬁn:::“ A boing i

2 - $i5t © like gravel COursC
. | e koW C-value. EHhHQUEH“]F the individual thickness of cach hf:l: ;Ttﬂtﬂ M

-ms of gravel equivalent by using relationship -

iy Ao ELH!
L4 C

Number AADT
| | Two directions

(79

e, 1) and 12 are the thickness values of any two pavement layers and () and Cy arx

her .
" ponding cohesiometer values.

Assume S0 percent increase in traffic in 10 year period.

their COITES
Solution Typical F-valuaﬁ for some pavement materials are given below ({in mewic
The product-sum of EWL is calculated as given below : Eq“'ﬁlmm. Material C-value

 Materials | Covalue |

AADT | EWL constant | Produci

— 3 [ 3500 330 [ 115000 “Bituminous concrete | 6067

344 1070 368,080

T [ 295 | 2460 | 700 E
5 | 80 | 4620 | 369,600
Total yearly EWL = 2,618,380 Example 7.7

Calculate the equivalent C-value of a three layered pavement section having

Taking the average increase for 10-year period then . ':.'?f i - yiidual C-values as given below |

EWLjp = [HLSJ 10 x 2,618,380
-1 “Bituminousconcrete | 10 | 60
200 pms
= 32,729,750 = -E-“
0.11
T = 135(EWL) Solution .
= 135 E[H,TIEI,‘HD}H‘” The individual thickness of each 'lay:r is converted to their respective gravel
S equivalent using the following relationship :
= 9.057 A E.. - &
In the design of flexible pavements based on California Resistmlcé_f;].' |
therefore the following data are needed : i t C.

(1) R-value of soil subgrade
(1)) TI value

Here, t, = gravel thickness

t = individual thickness

i i - :
(1) Equivalent C-value of pavement materials B Cg = cohesiometer value of gravel = I3

R value of soil subgrade is obtained from the test using stabilometer as EXpIEE C = respective C-value

Art. 6.4 and Eq. 6,17, The computation of TI value has been explained above. =

= -“

1

- 6015 L j0=132¢em
e [15)

& ]
-Ili. II

- 225 ¥ x2p=344cm
For base course, g = |75

i . 'II'-I.: . .II_.l'_I b
1B w
i

= |0.0cm

0

layer is known Th : :
Pavement is il|u mﬁ: i’;ﬂhﬂd ;;: ﬂﬂulating the equivalent E_yglu,-,-_, of 5-* For sub-base course, lg

N
:
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DESIGN OF HIGHWAY PAVEMENTS

ickness = 10+ 20+ 10 =40 ¢ DESIGN OF FLEXIBLE pAVEFMpare

v
- | thickness = 13.2+344+100= 376 c ot thickness as &
N is equivalent to Lrave m . vement th 85 per California desipn met ,
s C W3 (v} ‘Ill:ili:ined in (iii) and (iv) above BP IRethadd s the Mgher af the vabues
{
- PR (o _ ok of other pavement |a |
Now, T [E:) i) The tHICKRESS Yrs are decided and the. equivaient vaiuds of

hase COUrse thickness replaced are calculated using Fg

*
- ' g
Cohesiometer values of the materials. WER B o

s
(}
A ———
~ |
II""--I_I'::.
b
oo
!
ey
L
£a | =~
AR
=
f T
Y
k4
s
u
4
I

| ramia R-values method of pavement des; :
he California ¢ BESIEN 13 2 purely eovoiryl marthod st
:Eﬁ-"f the tesl pmftdurt ll'ld th: specifications  should B stracy &Jm-?ﬂ
;::mngfﬂ s are also available to simplify the design calculations

The pm:mcm d:ﬁigﬂ method 15 illustrated in E.u.mpk 1K

The equivalent C-value of the pavement section is 93,
Design Procedure

In this design method it is required to provide a pavement section which grample 7.8

Design a flexible-pavement consisting of water bound B
:.[Ilj I:I'i'll-imi“ﬂu'ﬁ concrele Emfﬂll:t :.ﬂulm nl‘ lhif—kﬂﬂij. T ‘5 l 1:: imtdﬂb)n {:ﬂmu l’:n;h
lg:;-.hilumﬂ:ﬂ method using the following data

Moisture Pressure, kg'em® |

content %% Expansion iEwd:iilﬂn_J‘
15 ] s6 | 0.3 X
s [ s [ oo [ ais
““ 0.055 08 |
[ is | oo | a3

(i) Test results on subgrade soil

(i) C-value of WBM base course = |5

(i) Resistance value of sub-grade (R-value)
(ii) Expansion pressure
(i) Exudation pressure

Laboratory tests are carried out on subgrade soil sample compacted at gimer.

moisture contents to find Hveem stabilometer R-values expansion pressure and em s
pressures. The pressure required (applied at rate of about 900 kg per minute) 1o foree ¢ :
water from a compacted subgrade soil sample is known as exudation pressure and ti
depends on soil type and the moisture content. As the compacting moisture content ot
the soil is increased, the R value, exudation and expansion pressure decreases,

In pavement design problems, first the pavement thickness required may be cola

assuming it to consist of a single layer material of known C-value such as g;ravtl'_'ui!.'} et
bound macadam (WBM) base course. Subsequently the thickness of ﬂlntll
component layers are chosen as per the traffic and climatic requirements and Be

(iii} C-value of bituminous concrete surface course = 62

(iv}) Traffic index = 9.5

, and e
equivalent base course layer thickness to be replaced by these pavement layers e Solution
calculated based on their C-values using Equation 7.9. e

_ r_ll.—.l. . 4
el F 1
-_-J; 'Il:l. ’ - =‘|

Design steps

T
= o
=

(1) The pavement thickness values required as per the R-values of subgrade A
different moisture contents are calculated (say, Ty, Ty2 ...) using Eq li ’f'-'-:

Here the pavement may first be assumed to consist of single base course I ﬂ
known C-value, C,, e

i 1I-|_'-. Ji
b e 1 oy

() Thickness by R-values

K (TD(90-R) _ 0.166x9.5x(30-36) 3, 3
cl/s 15"

T=

1&'

es required to counteract the subgrade expansion =22

expansion pressure by the average density of the | e
be assumed 2s about 2.1 g/em”. The pavement thickness value (858

2
=
L

() The pavement thickness valy

are found by dividing the
which may

69.7 em respectively.

(i) Thickness by Expansion Pressure 3

L
. . AN s ‘ﬂ‘ - e . fc-m nr um:'
Te2...)as per expansion pressures at different moisture mﬂtﬂﬂﬁﬂfﬂﬁjmw.{. g SSuming average pavement density as 2.1 §

th (0138 hgem S e

ek i Camd O ' - X ol V. _ﬂl

(111) Tll;g“!;a-,-mml thickness fulfilling both R-value and expansion pressure h,. I.J ’-".-f::%.':-"*. Ickness needed for counteracting expansion pressure T :; ¢ ad 00X
plotting T, values apainst the corresponding T, values from (i) and (if) 800

S e

= ¥ : of 0
A ::m, Elimlar'ly, pavement thickness for expansion IR

s

—
L)

e )

OUS subgrade moisture contents along with the

BIVen in the Table below -

First find the pavement thickness required using WBM base material oaly {C value =

. . 12 586 and
Similarly for R-values of 44, 25 and 14 the pavement thickness aligs 2. 2

| kgiom . the panemer

' >t
vﬂr}mt Pavement thickness values obtained by R-Y . fing cxudation (rERMIE

-k

'ﬂE.I—.':*" w aa
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I R S

MELTET el ———

ind

lues given in this
The pavement thickness va |
equal thickness value by the two methods 1Is obtained by drawing g 4:;“ $

thickness obtained in this case is Tr=Te = 44.5 cm,

EXUDATION P
::;t-li'“i. -

b
-lﬂﬂh-llll‘l'
EREEHEEREERREE

HEERIIEEEEEEEE
10 L §0 2o -

TULCREKISS BY EXPANSION PRESSUNE, Te cm

THICKNESS BY R-VALUES, Tr sm

m{}lﬁllll'f.' contents and the EﬂlTEEpﬂndlng values of pavement l:]'ucimcﬁ

based on R-values at these moisture cnntents The pavement

plot.

(iv) Therefore the design thickness of single layer WBM pavement is I‘IIE-!"“
values (44.5) and (40.5 em) and is equal 1o 44.5 cm.

(v) Bituminous concrete surface course thickness te="7.5cm.
C-value of bituminous concrete C.. = 62

C-value of WBM base course Cp=15

Equivalent thickness of 7.5 cm bituminous concrete in terms of WBM bﬂ'
Is given by the relation

- (&']”5 te il (ﬁz )I” :

corresponding to an exudation pressure of 28 I-.:gf::m obtained is 40.5 cm ﬁ'ﬂm

36l

WS
th = 7.5 [——-] = 10.0 em

Th:[’ﬂ fore

the pavement section consists of 34.5 ¢m of W
concrete. The designed pavement section is shown in Fig.7.17.

E'.Hhautum*snnﬂacm

WWem
L
WBM L4L-I -m I

i WEBM 145 cm

BC 7-Scm

SOIL SUBGRADE

Fig. 7.17 Pavement Section (Example 7.8)

7.3.5 Triaxial Method

| A Palmer and E. S. Barber in 1910 proposed the design method based on
Boussinesq's displacement equation for homogeneous elastic single layer

Here

Assuming that the pavement is incompressibl

Pavement.

Here T
P

—

| —

2

o zr_-:{}lp:z“}”‘ i
d
p = Plra’
iP
Nl = T 2.2
2rE(a" +2°)
2 2.anm 3P
..|. — - —.
SRR InE A
2
2. 2 3P )
.I. =
gl (EnEﬂ.

= 3P ] ""ﬂ
: 2E A

T -
pavement thickness, cm
wheel load, kg est results, w;mi.
axial 165
modulus of elasticity of subgrade from e
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 adius of contact area, i e
J e | wxyY ol (g, 1"
o e e T Tp = E—F-_-hj -~ {E | £1.13)
1n the above analysis the pavemen and the subgrade are assumed 1q have h 3 e,

E-value

{3}
-,.I'- y
Moy
(R
e

e
[ s o TP ral Test | ‘ . : i .L_E‘%“;_‘.’
ession test as explained n article 6.1.8 is used in dw =

{te tnavial i:ﬂﬁ'i;:l 'ﬁ-i o various materials. A lateral pressure of 1.4 kﬂftml iy L
alastic modu : g i ; . )
1I.:ﬂ"lj*nﬂtﬂ"1 lt‘::r:;;;:h: ¢ value of the material. This lateral pressure is arbitrarijy Wiy
"1-‘ : ‘:h : .'""--.'|

, ; r the Kansas State Highw
inomn vement Iﬂ}tm h} ﬂEL . £ ay
e IMHMT‘:;ﬁT:;:\Lm:nT employs this design equation along xﬂm%

e (hickness design equation 7.11 is based on elastic theory  Momever the motafied

Ihe . taking into account the traffic and rainfall coefficients and steffnens fucir

.:qu;ntlif':m 7 12 and 7.13) are empirical modifications. The relation betwaes pevemen
E

¢ thickness ) and tz of elastic modulus £} and F is given by

1/)
4o (EY
E‘I

[ay ¢rs 0

of USA. ient. X and (ii) saturation coefTicj s Highway Department design method may be categorued o sem
e o - (1) traffic coefhicient, , ent, Y, - the Kansas Hignway ' OO

mﬁ#ﬁiﬂ::?:é [:Jrs:d[nl multiplying factors (o the total pavement thickness value :::.-l;:ucat or semi-empirical method, using triaxial fest results

cocfT : -

thus modified.

: ial wi e cample 7.9
The pavement thickness Ts consisting of material with modulus E; is given by e E

Design the pavement section by triaxial test method using the following data
Wheel load = 4100 kg
Radius of contactarea = 15cm
Traffic coefficient, X = 1.3
Rainfall coefficient Y = 0.9
Design deflection & = 0.25cm

2
E-value of subgrade soil Es = 100 kg/cm
2
£.value of base course material Ep = 400 kg/em

equation |

2
- ’
E-value of 7.5 cm thick bituminous concrete surface course 1000 kg'cm

-_
16 1801 — 2700

-_
“
-E_

Solution |
Assuming the pavement 10 consist of single layer of base COURE
pavement thickness is given by:

material only. the

|
s_ﬂﬂ_l_LE'ET i (lﬂ] - o4 6h 063689 em
I % 100= 0,25 400

Let 7.5 em bituminous concrete surface “"h 4 is obtained from the FELEERE:

thickness 1, of base course. The equivalent rep

[
-I_r T !

i
[}
n

e 1
¥ s IR HHH:I
3 fﬂdﬁb B - 1 5
If pavement and subgrade are considered as a two layer system, a 5"!#."5.”. nf he W9 b o (.E..:s.} e, '—hg 3 [ 4@}
be introduced to take into account the different values of modulus of elasticity = oal P L Ey, :

layers. The pavement thickness is then modified using the nifﬁlﬂﬁi-w"'a

|

(EJEp) "~ where Es and E, are values of modulus of elasticity of *‘*
pavement, respectively. Thus the thickness of pavement, T, is calculated from T SEaEie

= s .'.:.;.-‘ i

}
1000 ¢ =102cm
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Fosre the required hase course thickness = 659~ 102 =557 ¢m
Therciore 166 !

The pavement section consists of 55.7 cm lhEn:k WBM base co

o tum‘an:i concrete surface COUrSE. See Fig. 7.18. e

f: TN W

7:5cm SiTUMINOUS MAT E,:mnnu'.rm:
__r_——————‘_—

s5.7cm BASE COURSE €y 4U0Kg/ cm?

| SPS B

SoiL SUBGRADE Eg= 100Kg/em?é
(NOT TO SCALE)

Fig. 7.18 Pavement Section with Base Course
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= 3.6 McLeod Method

Norman W. MeLeod through Canadian Department of Transport cmdmnd
plate bearing 1ests on airfield and highway pavements and_ d:v:l?pud ?dﬂ[gn
The repetitive plate bearing test procedure was employed using various sizes of plﬂn_:;:-%.

i

-

- F
L |

From the plate load tests an empirical design equation was recommended : 1.;{5'
s L

Here T = required thickness of gravel base, cm 3‘:‘:_
P = gross wheel load, kg T r*z"f
= total subgrade support, kg (for the same contact area, dcﬂm'i'._j;i';

number of repetitions of load P) e

K = base course censtant. 3 R

It is found that the base course constant K depends on the loaded area. Figure '7£3._
shows the relationship between the plate diameter and base course constant. 11“" .
granular base course thickness requirement T may be calculated from Eq. 7.14 for agnel
wheel load P if the subgrade support is known from plate bearing test data. The subgr®
support S for the design of highway pavement is calculated from the support m:asull!f__ﬁ

calculated for 30 cm diameter plate at 0.5 cm deflection and ten repetitions. FEE;’-; 7
is used for finding the ratio of unit subgrade support for the design wheel load diames i
that on 30 cm diameter plate at 0.5 cm deflection. The design unit subgrade 5"1![_ m |
obtained by multiplying the contact pressure of the design load by the above ';i:m}’;
total subgrade support S is calculated by multiplying the unit support by the €0 .;‘,,3
The design method is illustrated in Example 7.10. s

iy

Example 7.10 , .

F ] . Bl |

il R TR
Wil ;
[ |

¥
i

I-

E

=

Design a highway pavement for a wheel load of 4100 kg with @ 7€ P,

3 kg/em” by McLeod method. The plate bearing test carried out on subgrade Flod &

30 ecm diameter plate yielded a pressure of 2.5 I-:g,:'t:rirl2 after 10 repetitions :
0.5 ¢cm deflection.

Solution
ius of contact, a2 = —F— - ﬂ = 16.1cm
Radius o 1‘ 5r
P 2 2

= —=—=0124
a 6.l

Using Fig. 7.20 the ratio of unit whgradf support on 322 cm diameter plate & 05 cm
deflection is 0.95.

Therefore, unit support at 0.5 cm deflection ;
= 095x25=244kg'om

Perimeler over area ralio, I

DESIGN OF FLEXIBLE PAYEMS T

T

BALIE COURSE CUONSTANT K

BESAING PLATE CUUMETER & Ch

Fig. 7.19 Relation between Plate Diameter and Base Course Constant

E
el -
|

s 25

j ﬁ‘i:.ﬂfﬂ"-?—_ o T

E --.-.-J. i O e S e T

| BN | -
R .
¥ -I.




DESIGN OF HIGHWAY PAVEMENTS = e
Ly e
2 ¢cm diameter plate, o

DESIGN OF FLEXIBLE PAVEMENTS

"
Design subgrade support on 32. )

32.2°

g = 244m =2100 kg

32.2cm diameter P[ﬂtﬂ Is obtained from Fig 71 ' __‘.?::_' '

o gﬂl%.’
- - Klogio = =90 1logyg J100 _ o A
thickness,T = K 10810 2 CAL 2100 =26 cm = - LS

5 cm of bituminous surfacing out of this thickness. s

Base course constant for

Granular pavement

Provide
7 3.7 Burmister’s (Layered System) Method _ -

: d system analysis. As S **;“

Donald M. Burmister developed the layere : known the & .
pavement sections are composed of layers and the elastic modulus of the mpw
highest. The total mass of pavement and ?“hgfﬂdﬂ‘ does not possess a constans E ﬂﬂh&
assumed by Boussinesq in his analysis. However, Boussineq’s analysis o £ 5

s o

considered as a special case of Burmister's layered system analysis, |f ayers of g
subgrade, sub-base course and base course are assigned elastic modulii of E,_ 4 ﬁ

as per Boussineq's analysis, it is considered Es = Egp = Ep whereas in layered i‘ﬂl
is taken that Ey > Esp > Es. The effectiveness of the reinforcing action of the n

o
layers is logically utilised in Burmister’s approach. Following are the assumptioy
in this approach :

UNIFORM MEDIUM v TWO LAYER 1:1*!.1!"
%I'I (BOUSSINESQ ﬂ!iEJ!i -Eﬂﬂ, MPr3e %-ﬂ

(i) the materials, in the pavement layers are isotropic, homogeneous and :lamﬁ, |
pavement forms a stiffer reinforcing layer having modulus of elasticity highe
that of the underlying subgrade in the two layer system.

Fig. 7.21 Comparison of Vertical Stress Distribution
by Boussinesq and Burmister Approaches

e 3:“ ) : B pa
(ii) the surface layer is infinite in horizontal direction and finite in vertical di -;.F;...a;i. For flexible plate, A= 15 E F2

b

underlying layer in two layered system is considered infinite in both dire --m'i"l':" .
(iii) the layers are in continuous contact; the top layer is free of shearing and nomal
stresses outside the loaded area. B

Figure 7.21 provides the comparison of vertical stress distrihutiﬂn,_f._j;' For single layer, h = 0, and Ey/Ey = | therefore F2 = 1 and these equations reduce 1o

Boussinesq’s single layer system and Burmister’s two layer system, assum Boussinesq’s settlement equation (Eq. 7.2 and 7.3). See Figure 7.22. In the derivations
of displacement equations the Poisson’s ratio p is taken as 0.5 both for subgrade and

pavement material,

For rigid plate, A= LIS -*Ei.Fg
p

- [ §
A
g v

=

whr

i

pavement to consist of a single layer having elastic modulus Ep lying over Subgh
elastic modulus Es.

| ]
e |

i |
v
b -'.LL Y

:

.

1
i
F

3= "ol
Iﬂ;-' &f
Mt !

It is observed from this figure that the vertical stress on the subgrade is rec ;
- The above analysis is adopted by U.S. Navy Department for design of air field
pavements. It is considered that the layered system analysis can also be applied for

70 to 30 percent by introducing a pavement layer of thickness equal to the radi A

load or h = a, having elastic modulus 10 times higher than the elastic MOCEEE

subgrade soil i.e., for Ey/Es = 10. BT design of highway pavements. Following assumptions can be: suitably tnﬁzm'[:ﬁ ;EI:;
diameter for load tests may be taken as 30 cm and design #ﬂﬂﬁ?hnmmis illustrated in
O 025 ¢cm. The design method using Burmister's two-layer

e |
The Burmister’s approach therefore utilises the reinforcing action of the Pﬂ"’m.-_- . - :

The deflection factor F; is introduced in two layered system which is depeizess

E+/E, and ha. -
Ti:z - Example 7.11 _ oyt
o efrelat_mnshlp between two layer deflection factor F; and p&vemﬂnt__:ﬁ '___ The plate bearing tests were conducted with 30 cm plate dumcl::n ﬂ:: 5‘; J:“bﬁwmﬂz
s Ol radius a of loaded area and ratios EJ/E, is given in Fig. 7.22. g a0d over 15 cm base course. The are yielded at 0.5 €m deflect

The displ - . ¢y are WAV
. Splacement equations given by Burmister (Equations 7.4 and TS] i

o0 b= r B I' : .:|T|.: :..

nd 4.0 kEr"Eml. respectively.

r 1 1
: I.I I.'_.'-':
s

|"T1:-'.' Il--' _|-.|_._ n o
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4“ | .o of flexible pavement for load P = 4100 kg ang 3
10 ====ﬁ ,;_{;:.r {_III] Design & ey ; Tyre pressure of § kg'em : T
0.8 % l!m=_h P g/cm AU
_——-_Nh Biit || S
0.6 =I—— ~ _ [P _ [a100 it B
N ‘ a — = 16.] cm
P oa 1 PP, LY = o for flexible plate (whee' load) s given by e B
a 3 B : peflection
Q. = i - 8 ﬁzi."'r*;fl O
iL = ety - B
D . . 3 [ ! ..I'-."'.‘:
: .illi “% ‘N Fp = —n 2 0,183 ;F
- r——— ez
b |.5x5x16.1 gt
: Nz~ [~ .
: 01 .L!i“ ==‘ e —— ‘a cor F2 = 0.183 and (E5/Ep) = (1/40) using Fig. 7.20, h/a =2.1 !‘l‘;f?- |
s 0.0B TN R "‘-m“hﬁ = pavement thickness “h’ is given by : _ it
o yerefore p 3
g N ) o ey e E
& 008 TN INGTS II%E_% h = 21a=21x16=336cm i
: - : h.._ : . . ! g
E 0.04 III-"““! “.. Eem For airfield pavement design by U. §. Navy method modifications of theoretically e
‘ “II I“-'ll.l i |I 3 “ ~ calculated thickness have been suggested. 1t has been recommended that nine trial sections be
0.03 N Il b k kq -onstructed three each on fill, cut and level areas. In each typical locality, three pavement it s |
"“ IIIHIIIII"'%_Eﬁ Sl thickness values equal 0 23 h, b and 1.5 h are adopted #nd the actial pavement thickurs o
002 'I.h- 00— — i required for the critical deflection is found. Similar approach is possible in highway pavermen: B
0

050 10o 1.5a 2.0c Ja dﬁignalsuaftarca]mlaﬁngmethi:lmmmqtﬁmnth}'ﬂm:hsﬂchyuﬂlm}u

O
a
m
o
e
=

THICKNESS OF REINFORCING LAYER :f, 1 4 DESIGN OF RIGID PAVEMENTS
Fig. 7.22 Relationship of F2 and h in a Two-lane System (Burmister’s Meﬁﬁg’gﬁﬁiz 7 41 General Design Considerations s |

Design the pavement section for 4100 kg wheel load with tyre pressure of 5

- t concrete pavements represent the group of rigid pavements, Here the load
for an allowable deflection of 0.5 ¢m using Burmister's approach. ];I Cement oon P P

[ ity i ‘ igidi ‘ icity of the slab
carrying capacity is mainly due to the rigidity and hllgh modulus 'ﬂf clas!n:mr of t
itself i.e., slab action. H. M. Westergaard is :ﬂnsldﬂt::l the pioneer in providing the
rational treatment to the problem of rigid pavement analysis.

Westergaard considered the rigid pavement slab as a thin elastic plate resting on soil

Solution el p

(i) Calculate elastic modulus, Es for soil subgrade or single layer and rigid circular plate :

A= 118 P2, - L 18Bx1.25x15x1 N subgrade, which is assumed as a dense liquid. Here it is assumed ﬂm.th: upward
' E: raile.0.5= E il reaction is proportional to the deflection, i.e., p = K A, where the :nnsltan'f Kis ﬂ::ﬁl-';td as
. : = modulus of subgrade reaction. The unit of K is kg/em™ per cm deflection Le., kg/cm'.
F = 1 (for single layer) e , y
125x15 = Westergaard's Modulus of Subgrade Reaction
Es = 118 == =442 kg/ em’ ) The modulus of subgrade reaction, K is proportional o the dls_phctmmt. The
(11) Calculate elastic modul f = I i T displacement level A is taken as 0.125 cm in calculating K as SApE I A T:;m I_'FF
5 ratio of subgrade to pavement Es/Ep v e s the pressure sustained in kg/em” by the rigid plate of diameter 75 cm &1
A = .18 pa x Fy: i.e. 0.5 = 1.18x4x15 F O 4=0.125 cm, the muduiusufsuhg;radereaﬂtiﬂnKis-E“'ﬂ'b:":
Es dy 44.2 M) L
S - P_-_P kglom
R K = &
or, F = 0.5x442 L W A 0.125
 Ligxaxgs P2 e 4 Relative Stifs d i
| : D ess of Slab to Subgrade 'y by the subgrade. This is
Use Fig. 7.22 and read value of Es/Ep against F; = 0.312 and (h/a) = (15/ 15}’!‘3& de A certain degree of resistance to slab deflection 15 ':'Hhmﬁu. of the subgrade material
E | et Wy ndent upon the stiffness or pressure-deformalion EET el of flexural strenfth
-E_I' B 40 (by interpolation between 1/20 and 1/50) St “Ndency of the slab to deflect is dependent Up°
p ; :‘a. ekt T -

14
Ty
—ll I-.i:q ._- :-' h__%
] - . — -
'-: -|.|' "l-..
o P EE ML (1 et T 3

& P ' e
Pt .'l-:._.. P S ALy S,
el L3
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as hich is also the deformat
. of the slab Wit N of gyher s
resultant delecti®ll - of subgrade pressure. The pressypg oS8y,
. 'ﬂ:'-'mtﬁum of the mnsmfﬂ?i"s hus a function of relative stiffness ﬂfsl::- N
d;r:; eristics of rigid pavemen to ; _
: grade )
- ' the Radius of relative stiffness B
' tdlhiﬂtfrmﬂs ¢ o=
W ﬁmgwd de fin l
En' |}
'L I |eregp B 1
12K (1-p%)
Here | = radiusof relative stiffness, cm 1
E = modulus of elasticity of cement concrete kg/cm
u = Poisson's ratio for concrete = 0.13 i 83 _.r.r, 8 4
h = slab thickness, Cm e
d tion kgfcm?'
K = subgrade modulus or modulus of subgrade reaction,
Example 7.12 | . 1 '_
Compute the radius of ralative stiffness of 15 cm thick cement concrete s.!ﬂ-h:' El
following data : X T T ’:u
Modulus of elasticity of c:::r:m cuntr:tﬂ = zillnf;“ﬂﬂ kg/cm :T |
Poisson’s ratio for concrete = U, 2 A
Modulus of subgrade reaction, K = (i) 3.0 kg/em” (ii) 7.5 kg/cm”. S HTIE
A
Solution % *_
(i) For K=3.0 et fﬁ h ::.

1 1

]
3 En’ ¢ _ [ 210000x15 2 ]* s
12K (1-p%) 12x3(1-0.15%)

(i) ForK=17.5

s T3
£ i 210000x15 : 4 ~ 513 cm
12x7.5(1-0.15%)

= el T
T

i
el

: " the "+]'. ': oo
This indicates that the influence of modulus of subgrade reaction =
relatively small. 3

The stresses acting on a rigid pavement are ;
(i) wheel load stresses and

(ii) temperature stresses. R
Critical Load Position B )

1 g [ " N

Since the pavement slab has finite length and width, either the character of 1

maxifnum stress induced by the application of a given traffic load is def ~_ '};53' i
location of the load on the pavement surface. P Il-

i T [ |
=11 H [ H
-1 ': | 'II:

._ iy Ir i
N ol F
B i | "o

DESIGN OF RIGID PAVEMENTS Wi

| locations namely the inter flerin
e three t:,rpi::l | | Y e interior, edge and cormner, where di
There of slab continuity exist. These are termed as critical load positions. ’

all the edges.

1 oading : When the centre of load application is located on the bisector of the

formed by two intersecting edges of the slab, and the loaded area is at the

comer \ouching the two cOmer edges.

Eq walent Radius of Resisting Section
u

: dering the case of interior loading, the maximum bending moment occurs at the
Consider™, cts radially in all directions. With the load concentrated on a small area
_the question arises as to what sectional area of the pavement is effective
F o the bending moment. According to Westergaard, the equivalent radius of
ion is approximated, in terms of radius of load distnbution and slab

resisting sect
thickness,

b = v1.6a’+h® —-0675h (7.16)
Here, b = equivalent radius of resisting section, cm when a is less than 1,724 b

a = radius of wheel load distribution, cm
h = slab thickness, cm
when a is greater than 1.724 h, the value ofb=a

Example 7.13 * |
Compute the equivalent radius of resisting section of 20 cm slab, given that the radius
of contact area wheel load is 15 cm.

Solution
h = 20cm,a=15
a - 1 _ggs,<172
h 20

Therefore b = 'Jl.ﬁaI +h? -0.675h

Maximum stress produced by a wheel load at sor
but it occurs at some distance X along the corner b '

ion of
Here, X = distance from apex of slab comer to section @
corner bisector, cm

a = radius of wheel load distribution, ¢™
I = radius of relative otiffness, cm

I:-l . . A = -|I .: or
cm T "

= . an ¥
:-.ﬂr-'l.l.-: e 1 ".ﬂ-l;_'_'." & -
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= = Wy e T

I | it 1 L gt
e e - R | .I'..I.|. _ -_.."
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r resses
o . i ulations
' : stress comp
4 ’ |ﬂ . T - h.ﬂf‘s l'nl*
A T. Goldbeck dicated that many concrete slabs failed at the Comers, yoat C

(f the <lab thickness h is to found for the allowable values of maximum stresses S. S,

R

: the comer of the slab, G He g N

-mula due to a point load at + Goldbeeyse ¢ _ . 5 B

corner load fo L is given by ck $fo | S trials are rﬂq_mrﬁd for assumed values of h. Bradbury suggested 2 simplified F B

stress due to com . an ;u ‘¢ by EXPressing all equations in the general form CER

3P e TR roce P

S¢ = E" Wiﬁ : g = P Q HA I

%Eﬂﬂ_i' h? &) G5 o I

z ' EEER RN o wie 1 B

_§. = stress due to comer load, kg/cm RS : e I
e = trated point | o e He Prﬁsﬂnted charts to find the values of stress coefficients Q, from the valuss of [!-] gt |
P = comer load assumed as a concen point load, kg Hragl b b |
h = thickness of slab, cm L "I’!"'-.- [ﬂ) *::;—jf' :i.
- or |\ 7 o U

3 5 = 1 T Y Z I’ =

However the assumptions of unsupported corner and concentrated point load ase. . ' | s ) it
have been later found 1o be severe resulting in very high thickness requirement, ,:E Ume Khanna ef al have given a set of design charts in metric units, in Journal of LR.C. ! |
e e XXX111-2 1970 based on Westergaard's equations for computation of whee! load EP}F i
Westergaard's stress equation for wheel loads L WI:;;S These charts may be used to find the load stresses at interior edge and comer 2y ¢

3 ._" sIrc r 4 - ¥ * Sl )

The cement concrete slab is assumed to be a homogeneous, thin elastje plate iy cegions of the Fenm;; EHT;E:;E I;St;:i ;f Uﬂmg_ﬂ‘:‘:’ﬂfdﬁ ﬂﬁm ot

subgrade reaction being vertical and proportional to the deflection. -1,’-;' - There is a considerabie saving mptitati stresses
_ ; 3 these charts.

The commonly used equations for theoretical computation of wheel |oad stresses

been given by Westergaard. He considered three typical regions of the cement ,L |

L
L o
Wik

o

pavement slab for the analysis of stresses, as the interior, edge and the comer regjon:.
The critical stresses S;, Se and S at the typical locations i.e. interior, edge and comer g
given in Eg. 7.19 10 7.21. e

gvaluation of wheel load stresses for design

load stress equations for interior, edge and corner have been
' various investigators based on their research work on cement concrets
modified stresses at the edge and comer regions are generally found to be

&
L F]
d

nt slabs. The : :
r::::zmml for the design of rigid pavement for highways. The Indian Roads Congress

Interior Loading * recommends the following two formulas for the analysis of load stresses at the edge and
0316 P .;_ AN comer regions and for the design of ngld pavements,
S = - h: - [4 lﬂg[ﬂ (!J'rh'] + l.ﬂﬁg] F .T Akl (i) Wester I's edge Iﬂﬂd stress formula, I]'Hﬂ:]ﬁﬂﬂ hy Teller and Sutherland for
finding the load stress S¢ in the critical edge region,
Edee Loading . i 2)
Se = 0.5?12 P [4 log)q (I/b) + 0.359] Se = 0.329 {1-,- (1+0.54 p) x (4 logio fo + 1*1'Eu:-‘='_"3-"":““ll {7
h | _. . _
- ‘ finding the load
AT stress S, at the critical comner region,
P av2 z 12 :
il i {l -{TH 3P ay2 < (723)
h S‘l: - _1I- 1 1 T . .
h - .
Here, 2
- - S where, = at the edge region, kg/cm
Si, Se, S¢ = maximum stress at interior, edge and corner loading, bt i AR e, Se _lnad it _ ::mz
kg/em’” | Sc = load stress at the comer region, kﬂ
h = slab thickness, cm P = design wheel load, kg
P = wheel load, kg h = thickness of CC pavement slab, cm
= i . ¥ 1 lﬂh
2 = radius of wheel load distribution, cm u = Poisson’s ratio of ﬂlﬂ CCs wmz
/= radius of relative stiffness, cm (see Eq. 7.15) E = modulus of elasticity of the CC. K=
b = '

radius of resisting section, em (see Eq. 7.16)
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1& 16 18

reaction modulus of pl'-’l.'Tl}EﬂI foundations (i e . base o

course of Iuhﬁﬂd"-'-]* kg/cm

1

. B ‘
| = radius of relative stiffness, cm [m]

b = radius of equivalent distribution of pressure, cm,

'In'l

h . ““Mﬂ%EI.TI“m

b = 1627 +h? =0675b, whnn%ﬂl.ﬂd

s = radius of load contact, cm (assumed circular in shape)

The above equations 7.23 and 7.24 for finding load stresses at the edge 14 com rf.l-i.r
regions are presented in the form of stress charts by the IRC and these gre % 4
Fig. 7.23 and 7.24. These charts are ﬂp'pllcﬂblﬁ for afanicular set of design n
only viz. : P = 5100 kg, a = 15 cm, E=13x Ii!ilI kg/em™, p=0.15; hutdlfrmm- 3

given for different values of K hetween 6.0 and 30 Ii:g;"v.:rn3 The design m“' '
slab thickness values, h = 14 to 25 cm. These stress charts are very handy and
considerable time when the stresses are to be evaluated for various trial Iitichm;
slab while designing a pavement.

lﬂ'

Corner ’h:md itftii. Sc¢ kg .\":m
L8]
un

ke
E ]

P=5100kg,0=15¢cm Slab thickness, h ¢m
B e e Fig. 7.24 Corner Load Stress Chart (IRC)
"‘ :Hl] 'I-h;l.\\‘I Er!.’ .-. ' Load Stress Parameters
| 1!_.: Wheel load P = 5100 kg,
AT Radiusa = 15em
f"{, B Elastic modulus of cement concrete E = 3 x 10” kg/em',

Poisson'sratiop = 0.15

Example 7,15

Calculate the stresses at interior, edge and comer regions of a cement concree
Pavement using Westergaard's stress equations. Use the following data:

Wheel load, P = 5100kg
Modulus of elasticity of cement concrete, E = 3.0% 10” kg/cm
Pavement thickness,h = 18¢m

Edge lood stress, Se kg!:m!

= > 3
., -, =+ 8
=N F -l-l“ 111

e
it
-,

HA
il
Lld

o I '/

Poisson’s ratio of concrete, B = 0.1 3
Modulus of subgrade reaction, K = 6.0 kg/cm
Radius of contact area,a = 13 ¢m

P
£~

Eluh thu:kntsa, h ¢m
Fig. 7.23 Edge Load Stress Chart (IRC)
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solution - |
Radius of relative ctiffness (/) 1s given by

| !
Eh i M ! = 70.6 ¢
{= [w lzxﬁu-ﬂ.lﬁlj 7o

The equivalent of rasisting section is given by
ah = 15/8=0833<1.74

b = yl.6a°+h? —0.675h

- Jl6x15 +18° —0675x18= 140 cm

3 {
Si - uh-l.:':ﬁ P {4 Iﬂfglﬂ (E‘] + | .ﬂ'ﬁﬁ'l]

E

70.6 e

= : {4 log, s [—)+ l.ﬂﬁ?] =193 l:w'nnl.'.‘ e
18- 14.0 <A

a2 =

=
St

Stress af the Edge (S -
Ll L1+ 0359 _'
S¢ = % [" lﬂgln(h]* -
_ 05725100 1y 07027 +0359] = 2854 kglem
18" RN
Stress et the Corner (S i
LT | - ‘--_" B
= E r = 2 J‘-T = _ _: ”
S T |° N I
- - L] : P ;F:“ : “-
_ :Hﬁ!m 1o 1542 = 2427 ke'em it 2
1§ T70.6 - i
4 *'.".! | b= §
Example 7.16 e

"-":I.
A

oL

A CC pavement of thickness 20 om rests over 3 WBM base courss ”
reaction 30 kgem™. Find the load stresses at the edge and W"E‘m ]
hoad of SI00 kg unit IRC stress charts. (Assume a = 13 em E = 3%} “ j:
u=0.151L 22 *"

]

-

Lk
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"

ST

e

ALY
i

-
LS

.

- » NN
Refer odge load stress chart (Fig. 7.23)  Using the cunve foe B ¥ E |
comresponding to b = 20 cm, edge load stress S, = 22.0 kg/em.

\-l'
f i
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B¥L
Leferring to comner load stress chart (Fig, 7.24),

usin Curve " ;
2(), corner load stress Sc = 25.5 kg/em? . K =30 and Urrespanding
| Bt
o

7.

‘ jfﬂfguﬂrd ‘g Eﬂﬂfﬂﬂf}rﬂr TI-"MFEHHHJ’E Stresses
"

Jemperalure SU€sses are developed in cement concrete
i fﬁmperﬂt“ﬂ- The variation in lemperature across the
sla

il Lariation Whereas an overall increase or decrease
il

casonal variation in temperature.

Suring the day, the top of the pavement slab gets heated under the sun light when the

om of the slab still remains relatively colder. The maximum difference in
bﬂmpemtﬂfﬁ between ﬂ'[:: top and bottom of the pavement slab may occur at some peniod
::ﬁﬂ ‘he mid-noon. This causes the slab to warp or bend, as the warping is resisted by the

it weight of the slab, warping stresses are developed late in the evening, the botiom of
f;# cab gets heated up due to heat transfer from the top and as the atmospheric

emperature falls, the top of the slab becomes colder resulting in warping of the siab in
the opposite direction and there is a reversal in warping stresses at the different regions of

he slab. Thus the daily variation in temperature causes warping stresses in reverse
directions at the corner, edge and interior regions of the slab.

During SUMMEr Season as the mean temperature of the slab increases, the concrete
pavement expands towards the :xpan&iﬂn‘juimsh Due to the frictional r:usunl:: at thie
nterface (which depends upon the self weight of the slab and the coeflicient of fction at
the interface), compressive stress 15 developed at the bottom ﬂfﬁlht r..hl? as it tends o
expand. Similarly during winter season, the slab contracts causing tensile stress at the
bortom due to the frictional resistance again uppus’u_'lg_lh-e*mmmm of the slab. Thus
frictional stresses are developed due to seasonal variation in temperature. The frictional
“aress will be zero at the free ends and at expansion joints and increases upto a manimum
value towards the interior and there-afler remains constant.

pavement due to vanaton in
¢ depth of the slab 15 caused by
in slab temperature is caused by,

Temperature thus tends 1o produce two types of stresses in A CORCrete pavement
These are

(i) warping stresses and
(ii) frictional stresses.
Warping stresses

. : POSSES
Whenever the top and bottom surfaces of a conerete pavement mw ,
dilferent temperatures, the slab tends to warp mm or upwand inducing Warping
stesses, See Fig. 8.18, under Highway Construction chapiet. :

The difterence in temperature hmﬂnﬂﬁwmwﬂmm "
®0 the slab thickness and the climatic conditions of the region

[OMpCTAte Y
By the time the top temperature increases w dﬁ#fﬁ“"m“
% only ty degrees and the difference between the top and e
t““ﬂ‘ldcgm
Assuming straight line variation in Rmperatue
- . _ el
m““ﬂmalmmmttn\mtwﬁ-#w

'y
B
e
w h
hd B
- +I
"_.
=
=
ll-:r'
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WAiUES OF LaJf AND Lyfl

Warping Stress Coefficient

E = 3x10 keem’
p = 015
Solution

Calculzts the radius of relative stifiness

- ER’ P
111:{1-;1)}

[ 3%10° x25°

L 1100
=L = =12§)
! 872

From Fig. 7.25, Cx = 103

L
Also 2. = 30 =4.13,Cy=0.55

[ 872
It = 25x06=15°C

metior warping stress from Equation 7.25

g

2

25.61 kgfnnz

12x69(1-0.15%)

-02%

j -872ca

1.03+0.15x033

3x10° x10x107° 15 [_.__._-——-——-—']

1-0.15°

726 (Using Cx vaboe, B 28
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382 ﬁ
1.03x3x10° x10x107% x 15 oty s
\ = = gt .
Warping stress al the comer region from Eq. 7.27. | rﬁ; i
~ 3x10°x10x107 %15 [7]3 ety fi}
M T TT30-005)  Vara T O36kgent
b
i 1‘%& |
rhomlinson's Temperature Stress Analysis S

J Thomlinson in 1940 provided an analytical approach for temperar. if‘i‘cg;
computarions. From actual measurements of temperature in Eemmt,m“ﬂ'ﬂe' : ..
using Thermocouples, ! has been seen F.hﬂt the temperature gradient acrger MG
thickness is infact curvilinear as agamnst In the _ﬂsmn_*:ptm!} of straight line Ibéif‘
Westergaard. Thomlinson developed an anaiyr::s Whl'.’.':!1 yields results more j
experimental data and lower than Westergaard's equations. Details of this

not discussed here.

overall expansion and contraction of the slab. Since the slab is in contact with i
subgrade or the sub-base, the slab movements are restrained due to the friction befwas
the bottom layer of the pavement and the soil layer. This frictional resistance thersfr
tends o prevent the movements thereby inducing the frictional stress in the bottom it
of ine cement concrete pavement. Stresses in slabs resulting due to this phcnﬂ!
vary with slab length. In shor, slab stress induced due to this is negligibly small m

in long slabs, which would undergo movements of more than 0.15 em, higher ar ; g
frictional stress develops. N

el

Frictional stresses

Equating. total force developed in the cross section of concrete pavement due®h

movement and frictional resistance due to subgrade restraint in half the length uft]_ﬂ t
L h

'.'-lf =y |_

SfrxhxBx100 = Bx — x — xWxf
2 100
WLf
O .
2x10°

- 3 e 1
Here S¢ = unit stress developed in cement concrete pavement, kg/cm

W = unit weight of concrete, kgﬁ:m] (about 2400 kgf'mj} - i
I = coefficient of subgrade restraint (maximum value is about I:SJ |
L = slab length, metre

B = Slab width, metre

7.4.4 Combination of Stresses

It i - B, =
Emr::ectaﬁary 10 consider the conditions under which the various
pavements would combine to give the most critical combinations. =

DESIGN OF RIGID PAVEMENTS

L Summer The critical combinations at intes:

curs when the siab tends to warp dow

1 stress 18 develop at the bottom fibre
1 the I:nsit¢+ stress duF 0 the loading. However |

with ve during expansion. The load stress s edpe I:Efr:Tm t;_.':ﬁ::

[” L'-'H

interior:

Critical combination of stresses = load stress + Warping stress - frictional stress ar
Eﬂrg-l: ffgfﬂ"

puring winter . The critical combination of stresses at the
he bottom fibre when the slab contracts and the slzb

mid day- The frictional stress is tensile ﬂl.ﬂ'il'lg contraction.

(i1)

The critical stress combination = (load stress + warping stress + frictional stress), ar
edge region.

gince the differential temperature t is of lower magnitude dunng winter than m
summer, the combination (i) may be worst for most of the regions in this country_

(iii) At comer region, the critical combination occurs at the top fibre of the siab, when
the slab warps upwards during the mid nights. There is no frictional stress at the
corner region.

The critical stress combination = (load stress + warping stress), ar corner regions.

Example 7.18

A CC pavement slab of thickness 20 cm is constructed over a granular sub-base

having modulus of reaction 15 kg.r'cmz. The maximum temperature difference betwesn

the top and bottom of the slab during summer day and night is found 1o be 18°C. The
spacing between the transverse contraction joint is 4.5 m and that berween longitudinal
joints is 3.5 m. The design wheel load is 5100 kg, radius of contact area 113 cm, E value

of CC is 3 x 10° kg/cm>, Poisson's ratio is 0.15, and coefficient of thermal expansion of

CCis 10 x 107° per °C and friction coefficient is 1.5. Using the edge Ind corner load
stress charts given by the IRC and the chart for the warping stress coefficient. find the
worst combination of stresses at the edge.

Solution
(1) Edge Region
(a) Edge load stress from chart (Fig. 7.23).
for h =20 cm and K = 15 kg/em’, Se = 24.0 kg/em’
(b) Warping stress at edge :

1

. .7 500 i
Radius of relative stiffness{ = [——:‘im—""‘“{ 60.8 cm

13115{1-—0.15‘}

Length of slabLy = 4.5m=450¢m
Warping stress coefficient, Cy from Fig. 7.25. at

|
el kT .‘.‘ g N e §
o £ AT |rll-:q.'-..u 4=
el

i |
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&
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- = . ez 'z 2 g
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AP IGHWAY PAVEMENTS

-i'l'l ' .l. ! [!I-ll

{ 18 ¢
\# 2 fispaiity WATpHENE StTOSS A eutee,
¢l 1 ' a ] 5 tpaad
Mo . : « 107 % [0 x|
S “m Ly ; . () hm!‘:llﬂzﬁ.“

& ] *.ﬁf“ﬂ'r‘l,‘l LiITOAS

\'-’Lti ) MW= 4.5%1.5

2% 10 2x10°

“ 0.81 kg/em?

From Fq 728 &

(1 Combined stress at edge region

Critical combination of stress during summer mid-day = load stress +
- frictional stress

24.0 4+ 27,54 - 0.81 = 50.73 kg/em”
(1) Corner Region
(a) Load stress !
From chart 7.24 for h =20 and K = 15,
S = 28.0 kg/em’
(b) Max. warping stress
From Eq. 7.27,

s = Eo J_:::_ 3x10° x10x 107 x18 [ 15

3(1-p) 3(1=0.15) 60.8

(¢) Frictional stress @ This is zero at comer region R

(d) Combined stress at the corner region :

i
L _.Ih_L .-: LS

The critical combination of stress in summer mid-night = load stress + Warpif, -{i"‘,.'—'i‘. -.
~ 2804 9.15=37.15 kg/em’

(It may be noted that the critical combination of stresses at the edge region 18 |
that at the corner under the identical condition of pavement, load and temperaitsis
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745 Design of Joints in Cement Concrete Pavements e

J.-|- g 1
o I.'_-I oo Fl %

Various types of joints provided in cement concrete pavements 10 TREEEY
lemperature stresses are ex o

ok .'|I
Al
1

pansion joint, contraction joints and warping J#

the maximu;

i:*m"“f“! and contraction joints are properly designed and constructed, there } Eﬁr 1
1! Providing warping joints, in addition. Expansion joint spacing is desi8a®® g

fa ."'.
rf
b if

N lemperature variations expected and the width of joint. Thﬁ

&

5l et S gt TErTe
I._ 'II i ' rl -:lrl l!:‘L'I .-Il'*.'!..'l.".r

aaeing design 1 ,.[-".!‘l'f'i'jl’ﬂ":rl iy the NI ;;s;t!r:L Il icnal regicts :
" tres in L“_["I'_II:'IF {]llrllli; HnlE, Jrli:hll {'I'”"”"i'—.. :.-_'I__‘__:- .- "SI 'L'.F:Er"..'l:ili':'.lﬂ
Rl i .pnti"H hetween the CAPINLINN Tuinty 1y o ...f*-'-;-ﬁ..-i ol R o T
| n: p:1| *.[1:’-fir'll:' [Yoaweld By wre Drovtded o g rar s L T

. ol . . R ZPANlen 2t and semen s
w i Tiiml joints also.  The size and spacing nf 1he s ‘
it

=1 FE: _ i
R RO

' JlTI -:l..: ".Ii_.,l' Bian g
joi i 1 Al L --'.""i' IH'
J-J:. l_.l -

RS W4 LT on i

sed by tandard specification hased o, PrACtio ) ronairterairge | ‘ i
ik 'r I 3 ! o e } g ; l'_,.'F_-I_':-:TL*_ - __.: .',;' :
: F-:u*n'.-ul concrele PRYEINCMS are construtled with sumible rie bupe  me_ :rﬂ:‘t
7 (eratinns include dismeter, spacing and It o the roage k.
T Ltk '
concingt of expansion joint
I s

(e width of the gap m expansien joint depends upom the iength of dlab Coreater ay
Ir;_}:mﬂ"ﬂ he use of wide Eﬂpﬂﬂﬁiﬂﬂ jﬂli‘ﬂ x
i_'i. i

. pler ::-l'i-':i-lﬂd he F¥het e | armid b
fricult 10 keep them properly filled in when the gap widens during winter wrgere 3
L]

Aawels would develop high bending and bearing stresves with wider tmenings. 1t i
ecommended not 10 have a gap more than 25 cm in any case  The (20 has

Tm,,"m-:nd:d 'll'l::tt the maximum spacing between expansion joints thould not exceed
140 m for rough interface layer.

Tee

i *&" is the maximum expansion in a slab of length L, with a temperature rise from T,
o 13-

& = Le C (T7 = Ty) where C is the thermal expansion of concrete per degree rise in
[emperalurc.

The joint filler may be assumed to be compressed up to 50 percent of its thickness xnd
therefore. the expansion joint gap should be twice the allowable expansion in concrete
Le. 28'. From the relation given above, if &' is half the joint width, the spacing of

expansion joint L is given by the equation :
ﬁl

“ ° TRCm-T)

(7.29)

Exumple 7.19

The width of expansion joint gap is 2.5 ¢cm in a cement concrete paverment If the

laying temperature is 10°C, and the maximum slab temperature in summer is 54°C,
calculate the spacing between expansion joints. Assume coefTicient of thermal expansion

of concrete as 10 x 107 per °C.

Solution
- %
w |25 cm
Ty=T) = 54-10=44°C
s ind |
100x10x10 " X
- 285m
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o | DESHGN TR RN
spacing of contractioa Jolnts | 3 i 4"
The slsd contracts Jdue 10 the fall i slab temperature below ﬁ I R A
! I - ..LM during the tl:'lttul -Lufln.g I:.Eﬂl..‘d.. Ehnnka'gt oCCury ¢ I o “h'ii ‘il ity
:‘* movement is FesiSIed BY bemk HRg. e FStion between i < total ares of steel, cm’®
. (ab and the subgrade, e Fig: 725, LR Tewsiit eush Metre, the pere. N e e e niek
;ﬁikxtmIIMIItrﬂ‘mgm e ™ spﬂmgmm“mﬁ

h = slab thickness, cm

W= unit weight of cement concreie. lg'mi { o4l
- = cocfficient of fncton (1.5 max)

s, = allowable tensile stress in steel, ky'om’ (1400)

g A - — =i =fs =i

FRICTICNAL 7

SESISTANCE Determine the spacing between contraction joemts for 3% meter dlah walth by

Aichness of 20 cm and = LS, for the following two cases ;
) for plain cement concrete, allowable S, = ﬂll.;m
(i) for reinforcement cement concrete, 1.0 cm dia Bars at 0 30 m spacmyg

Fig. 7.26 Slab Contraction and Frictional Resistance
rotal frictional resistance upto distance L2 = W x b x (Lo/2) x (W/100) x f ;

Allowable tension in cement concrete = Sexhx=xbx 100 Solution

Equating the above two values, e " Case (1) For Plain Cement Concrete Nab (withowst reggforcement;
- by : . : < 1
BT s, h L emanarec v - i
200 ; i Using Eq. 730 spacing between contraction joints
Length of slab to resist the frictional drag, i.e., spacing of contraction joiul,‘,i 5 :
. 25 S0 810
| e ™ --J-nll]"' = ddm
e 28, < 10" REl WT 2400 1 8
s L e
Wi - Case (i) For Reinforced Cement Concrete Slad
Here. L. = slab length or spacing between contraction joints, m gt s Fatal cross sectional area of steel, A, in one direction along the siab wiith

LAY lll.“t
01«4

Using Lq. 7.29, spacing between contraction jomts,

008, A m‘,‘Mii -gm
Ll‘:_ - ..........,.n.-.lal--'-i" li*;:'m‘:m‘ti

h = Elﬂb lhi:k.nﬁi. cm »
AT

[ = coefficient of friction, (maximum value is about 1.5) Ay

W = unit weight of cement concrete, kg}’ml (2400 kgfm:i)
. I
S¢ = allowable stress in tension in cement concrete, I-utg,h.m:I (0.8 kg "J_-

Since the contraction or shrinkage cracks develop mainly during in r g
curing, a very low value of S i is considered in design. The permissible stl'tﬂ $

.1__-_ Sk
kept as low as about 0.8 kgfcm | '

Example 7,21

Spacing of Contraction Joints when Reinforcement is provided VEC pavement. 11 the expansion joint g 23 e,

: ,_ ¢vpa lam cement B
" :tt “fm msml d that the reinforcement takes the entire tensile force in IIHI1 : ﬂi:*n:::ﬂ:‘ l:::;Ll:::“mT::“: i::““w:: m:::l Eﬂiﬂ N g o e %“::
¢ Irictional resistance of subgrade and ; en | ’ = 3 1 Lof e coeliiiondt o BR
X grade and hair cracks are allowed, th . *# i nsion during initial peclod of curing = 0.8 hgom’ and the &
W « Rl T _l‘]__ :‘r S A I'I'Iftﬁu.r-].'l
2100 R :

Ihe maximum (ncrease in temperature 18 #'ll-ﬂ'i‘“! W b Sexige the spaiagh teewees e

| |
s

'| G
_ll- -



Solution AR
Spacing between contraction joints in plain CC pavement. R

28 4 2x0.8x101 ' 1 |
l, = —% x|0"= —2 1 e
.. 2400x14 4%6m < o

rl-
[ ] ﬂl

\Maximum spacing suggested by the IRC is 4.5 m for Plain CC pa 15 .
adopt Le = 45m vﬂmﬂnu .M m
Spacing between expansion Joints, i
feiiirh L. =
AT 100C(T, - Ty)
- _ 1.1 .
‘ | lﬂﬂxlﬂxlﬂ‘ﬁxzﬁ =423 m
| ._ Therefore provide spacing of expansion joints = 9 x 4.5 = 40.5 m
A (As 10 x 4.5 = 45.0 m which is higher than 42.3 m. expan L
eight contraction joints or after the ninth slab). pansion joints are Provided afe
nﬁiﬂ‘ﬂfnﬂwdﬂlr & .".‘.’?.i

1:F

Dowel bars of expansion joints are mild steel round bars of short length Hatrfll
- Halflengy

of this bar is bonded in one cement concrete slab and the remaining portion s embedded

in adjacent slab, but is kept free for the movement duri '
- . ng expansion ¢
the slab. The dowel bars allow opening and closing of the joint, m:;:lf;ﬂ_ﬂtrﬂctm_nf

edges at the same level, and th * ning the slab
This s explained bﬂu“f.:mjlg_:_l the load transference is effected from one slab to the o lab

wui:ddmd: n:c:m are not pro T?Mu at the transverse Joint (as in F ig. 7.27-a) the [uaﬂdgd !hb
not partici by s, o N -lh?d P. The adjacent slab across the ex "
pate in load bearing m& it does not deflect at all.

slab mm;in:;m Mmd““'ﬂl bar system and the load P is applied on the first
Fig. 7.27-b) and th: mﬂdmmme loaded slab deflects by the magnitide say dxy. (See
adjacent slab also under goes a deflection, dx3 due to the dowel ba

pansion joint does

-IJ- ]

e mu:glabspm:nuznﬁ;: l':ﬁd: ;Wcally, If the dowel bars are rigidly embedded inthe
_ sude‘s, dx2 should be equal to dx3. It has however been observes

the thickness of the slab, size and dmm‘-'m"[

b 3. Accordingly, the stress caused in loaded ,j;bii |

han the slab joint with dowel bars. This i logical &
1 With deflections. The pressure distribution M#
iy 1,1:" ustrated in Fig. 7,27 c as per Friberg Hf"b’n:r
i@ Getermine the criterion for determining the Ifﬂid‘

o |
. =
i

Fo 7 Epends upon variable like, pavement : s

'I.':

eadmansierence is worked out considering the ME |

=SS Spacing and size of dowels. N

iR9

(€)

Fig. 7.27 Functioning of Dowel Bar

The IRC recommends that dowel bar system may be designed on the basis of

hﬂmr:%bur;w's analysis for load transfer capacity of a single dowel bar in shear, bending and
*aring in concrete. These values are given below :

For shear in the bar, ' = 0.785 d° Fs (7.32
3
For bending in the bar, P' = _2d°F (7.33)
L,+88%
.
For bearing on concrete, P' = Fp Ly d (=)

12.5 de +1.59)
“hﬂfﬂtp'

R

load transfer capacity of a single dowel bar, kg
d = diameter of dowel bar, cm

total length of embedment of dowel bar, cm

joint width. cm

O3
I

4

permissible shear stress in dowel bar, I-:gfﬂﬂ*

1
o
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300

dexural stress in dowel bar kg/em*

Fe = F.,_-mﬁssihlc
! . b 2
Fy = permissible bearing stress in concrete, Kg/cm

1 canacity of the dowel bar in bending and bearing 4
The load capacit S e £ depend on the,
embedded length Lg on bo RN

in order to obtain balanced design for equal capacity in bending End b L2

tenoth of embedment is first obtained by equating P’ values from Eq. 133__ e
the assumed joint width and dowel diameter. On simplification, the valye e;f' ? f

by

o

II""-':--ll'

.-_I-'r 5 .J- 1
lﬂ T T
L] | - Ji-'.; "'I'

| '“
L = jdr_rxr_dﬂ.ia: /
Fh Ld + E.Eﬁ
The value of Lg is determined by trial from Eq. 7.35. o= i |

o

L
L |
i

The minimum dowel length is taken as (L4 + 8), and the lowest of the three S

P" taken as the load capacity of a dowel bar. The load capacity of the dnwel 2
group 1s assumed to be 40% of the design wheel load. The required load capa A
of thr:r dowei group is obtained by dividing the load capacity of the grmip ];.y:i i
capacity of one dowel bar, P'. The distance on either side of the load position i‘;
the group of dowel bars are effective in load transfer is taken as 1.8 times :rl i
E'mwe stiffness, /. Assuming linear variation of the capacity factor for ;ﬂt |

ar from 1.0 under the load to Z€ro at a distance of 1.8 [, the =:"-“'f'f|""':--;'
f: ifﬁ:aim :E_Léhﬂ dowel system for the assumed spacings. The spacing which confoms
illus:ra::;in Exaﬁ;p}?:?jzf_aﬂm 's selected as the design value. The ’#:4 E

o |
j=- i.l*. B

Assume the diameter of the dowel bar, d=25 cm ﬂ
P= 3000 k |
o -
l'= 80 ¢m [ﬁi " ij "
B = .
s~ 1000 keg/em? Fr = 1400 kgfﬂmz

&
!
LA
X
i
LA
—
2
r-
[= 8
+
LA
4
IJ
—
H'-

Pt L

91

45+17.6
which is less than 45
Assume Lg = 405
|
405+3 T2
w125 g2 12 ania
Ld [ "4:}.5+1?.ﬁ] b

Therefore total length of embedment, Lg = 40.5 cm

Minimum length of dowel bar required, L = Lgq+50
= 405+20=425¢cm

Therefore provide 2.5 cm diameter dowel bars of length 45 em.
Load Transfer Capacity of Single Dowel Bar, P’
P’(shear) = 0.785 d’ F; =0.785 x 2.5% x 1000 = 4906 kg
Actual value of Lg = 450-20=43cm

- 243 57 x 1400
P'(bending) = 2°F, _ (2x2.5 x }='?ﬂkg

L,+8856  (43+88x2)

; 43*x2.5
; : - F,Ly.d  _ 100x - 804 kg
vlbeaning) = oS, 1.55)  125(43+3)

. Taking the lowest of the three values for demgn, load capacity of a dowel bar.
¥ (design) = 722kg,

Requireq Load Capacity Factor
Load capacity of the dowel group = 40% of P="0.4 x 5000 =2000 kg

Requ; - 000
“uired capacity factor for dowel group= %2— =277




S e e - ——

Lo T o 5 -

L
=it

Sl
] T

¥
)
,F

Z U R T
g MW M8 188 10
|44 144 P e

it

IREMI R vl 43) VE Y iMsingy,

2 ]

h-l:l i B .:J

.'-'-.'.'.-1::.3 i .
PSR E i

S W#ﬂw e | !!'#“ wﬂ""‘Mr

AR - el DA I;Iy
. R by = b2 w
- ‘-'.r ;;.:‘j - 2 'lllrl;‘ i _'_: : ,.-:- Le . ol Wﬂ‘ wf :;.;'

144

Fiin pahun oA tagpaithy Jeltd Bowlpn B ik T Bim s appci y 5
J 1] Hsantinn pompssinn 8 Sonmd ppdnsy i VG 4a8, sogmany fun KA Vetpng
F it s ysuint Stk 1515508 Ky St o 211, th

Wi A iasgs TR 10 % A0 Bk Bt bas oA
Sy dan ﬁl‘#!ﬂ:ﬂ

Iinspp o bt boui

T# i) W ik asn n Dt
. _ N v 1 WHL JORRE N AN SAaiity Gt
YL NGk Aty i AR Yial W) It faranshy 7 o I o doda it
b Aeads Yanndes 4 | i 4 bonls w05 0o ooty
m_g_' whras L s wa G fasigpad th 7RI il st &
o/ il adaplan Srpca ot 1ok Lt LAY 8Ag ) b .l";;u" bty
: - i Rl LR L R TP S

Uosh B SAnihatsf Yoms T o _ /s
b i AT W tha wbnasyitd yon of Wk ahgn 4

Do e e —
&

2 i i -,
' Fram., o = b w E— Ly
- ;-I'I_--.I _._:.?__I—.:l_p.'._ _I.'Ilr-rL._l-_- - :..__ - L T _- = = I-_:—..'
L '
id ey

N o M. W W
TP S,
R == R L = | i il gl |

e LA

eat

Tk

e 5

i-'hh

" )

 ——al

Illl. ‘.- --' " .l-..

.- '-';-.:*'-L h
[ T <1

L

S A Ay e i Sor wd, Lgfns” (80 g

SN, & PIRART Craesatnt of Bk Son b (93 % ) % cavy tiw spad of s 5
Lot A Pﬂﬁ#ﬁﬂ#ﬁﬁﬂm;ﬁﬁyfmﬁ'mﬁw water Lo |Hm_ L

Lo off 1w [

|l

HESE
_:-' 2

: PR,
L
g f -

el NS TG,

£, & %E#_ (137

&

Y T Py

fa = Eﬁp

2%,
b
et “Ra) Setrgths of Vie b = [41.-_._;.2:‘:.:. ._;.;:.:. {7.3%;
L~ Satigth of Vs brat om ome side of sta, e ox bl Voo of e e
"~ allermabils stress in temsion, kjent” (1409 5/
) lfﬁmmm;umhm,wmimmﬁmuﬂﬁlﬂmﬁ

lent detensned bats 56d 175 wﬂjhphhﬁ!m}-

% = erems sactional sres of one tie bar,

s
“

:ll_:_*'li. .EI e l-'.'-l'-'-_r .:‘_;h':' il .'i-'._-_:.: -ﬂ.' B at Ll o A ..I el ! T -
e i v s SEos S T ST



L L

i i gy .~ 5 @

= — -

DESIGN OF HIGHWAY PAVEMENTS
-.;4
-

i &

Eumphe

AS OmER Design the dimensi
Sith 3 Jongitudmal Jom along the centre. &n mensions and s

nar Use the following data:
Allowable working stress in tension, S = 1400 i

ancrete pavement has a thickness of 18 cm and has twg o

Unit weight of concrete, W = 2400 kg/m,?
Coeflicient of friction, f = |5 '
1 [lewable bond stress in deformed bars in concrete, Sp = 24,6 kg.":mz
Solution
Area of steel per metre of longitudinal joint is given by Eq. 7.36.

b = -%'%=3.ﬁm;h=lﬂm1,

bfh W 3.6x1.5x18x2400
1005, 1001750

As

Usinz | ¢m diameter bars having area of cross section a< = 0.785
the tie bars is given by

100 =0.785
1.333

Using 1 cm dizmeter tie bars, the length L, is obtained from Eqg. 7.38 and I5 € 8
L - 48, _ 11400 8

e — —

25, 2x24.6
Totzllength of tie bar = 30 cm, say

e | cm dizmeter dia bars of length 30 cm at 50 10 58 cm c/c.

Spacing =

~589cm, (sayS8em)

=28.5cm

L

- .
A6 IRC Recommendations for Design of Concrete Pavements

‘9) Design Purameters | 3
(1) The desipn - : iy 5
i Eﬂ wad s taken as 5100 ky with equivalent circular area Of 125
i ogy o PPESSIE Tanging from 6.3 10 7.3 ke/cm’. The traffic YO

| Ag = P[]+ ™20
wheer £ L WL
}: nurnber of Commercizl vehicles per day (laden weight = J i gt .."..-"-.::
| nanber of Commer izl vehicles per dzy at fast count. |
- il rate f.ll “-':-H:&‘.',.l: .
i naeis ' "'H:"l : i #I.-
Prss roeds if das 1% nest a-vailab;:]mlmm}r (ntey, ¢ o
- .

Bty of Y,
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fic intensity so obtained is classified ang adjustment for the pavement des gn
v

. made as given in the Table below -

The 1

Design traffic intensity, Ag Adjustiment in design
(no. of vehicles of wt > 3 tonnes, per day) ihici.nn-_:bl cC _-—l
al the end of design life pavement. cm [
15 10 45 :: ;
4510 150 -9
150 10 450 -2 :

;ﬂa 0 |
F 0

G +2

iemperature differentials between top and bottom of CC slabs of different thickness
at various States and regions in India, for the determination of warping stresses are
given in Table 7.4.

Table 7.4 Recommended Temperature
Differentials in various Regions of the Country

’ | Temperature differential 1o °C
| Zone State and Regions in slabs of thickness
| 10cm | 15cm | 20cm | 25em | 30em |

= om

| |Punjab, U.P., Rajasthan, Gujrat, Haryana, 143 | I5E8
North MLP., excluding hilly regions and |
coastal areas.

Il |Bihar, W, Bengal, Assam and E. Orissa 156 | 164 | 166 | 168
excluding hillv and coastal regions.
Ul | Maharastra, Kamataka, South M.P., AP,

W. Onssa and North T.N. excluding hilly

147 | 173 21.0
and coastal regions.
IV |Kerala, South T.N. excluding hilly and 164 | 176 | 181
cuastal repions.
| 12.8 |

1:1 'E:"‘_ﬂ.ili] arcas hﬂlﬂldcd _hi“i .! IIIEIIIE IT.ﬂ i
Coastal areas unbounded by hills 136 | 155 1 170 | 190 | 192

iy The modulus of subgrade reaction K is determined using standard plate of 75 cm
Ulameter at 0.125 cm deflection. If 30 cm diameter plate is used, the K-value
“biained at 0.125 cm deflection is multiplied by 0.5 in order 10 estimate the K-value

Tf “andard plate diameter. The minimum K-value of 5.5 kg/em’ i:s specified for
_ﬂjrmg ‘ément concrete pavement. If the K value is lower, a suitable sub-base
i may be provided to increase the K-value.
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e 397 F" & i Y
i of Soresses - The maximum CONLraclion Joinl spacings may be kept a1 4.4 m in wremforced sians i SpLd
b Calsds e 2 ) T Mickness. In the case of reinforced siabs, the conraction joss sue i |
1 sresses a1 edge region IS calcuated for the designeq o of 2! ' ' - jgint spacinyg may be G, &
(in 1o “E'_:E - :jt snalveis modified bv Teller and Euth.gﬂ_and‘ . j3m for 15 cm thick 5+|3]'J with steel reinforcement of 2.7 kg'm” and 14 m SPAl g Bl
g5 por WeSSTERES ;‘z a3 {Eﬂ-'_?.;[& : for 20 € thick slabs with sieel reinforcement of 3.4 kg/m”.
P ass st :._‘:['nﬁ'.‘. it Dk V-tesfs 11; A3 -
3 S ¥ v I

s strect A .:dgr.: r:gi-:m Is calculated as per Wtﬂ:rgzamri

(o) e

. . B o ) DesE" oS
Branny’s GO Tooient _gi-.m m Fig 1.25. Equalmn 124 may be m*

The dowe! bar system may be designed on the basis of Bradbury’s analvsis for load

calcutanion. t"&ﬁt . _ansfer capacity :g g :mg,l: dowel bar in shear, bending and bearing in concrete. using ’_: '

) Wheel Joad szess 81 comer TTgion 1S calculated as per W drae BB £q73° 1338 |
 ified by Kelley, given in Eq. 7.22 and using the stress charn. Fig. 724 The minimum dowel Iu:ngth is taken as (Lg + 8), the value of Lg is determined using g
R H%%: 735. The load capacity uﬁf the dowel system is assumed to be 40% of the design )
'ei Destgn Sieps for Siah Thickness - AN O E;E:Iﬁ load. The distance on either side of the load position upto which the dowe bars '.’-Zi:'ﬂ Y
: ] ' 2o ; = Cusie 3 T 15 tlak 81 i ' i 1
(i} The width of slab 1s decided based on the Joint spacings and lane width, yre effective 1N load transfer Ii‘i en as | | um::s the radius of relative stiffness, /. o |
; . , R, nowel bars do not function satisfactorily in thin slabs and therefore dowel bars are i ;
(ti} The length of the CC slab 1s equal l_n the spacing of the contraction joints_ . avided in slab of thickness 15 cm or more. IRC recommends 2.5 cm diameter dowel : { :
is desizned using Eg. 7.30 for plain E{; pavements; Eg. 7.31 may be used wher Em of length 50 cm to be spaced at 20 cm in the case of 15 cm thick slabs and spaced at HoE) ]
reinforcement is provided at the contraction joints fpr the assumed trial thicknes _- 10 cm in the case 0f 20 cm thick slabs, the design load being 5100 kg. Sl |
the slab. However the slab length should conform to the recommendatinee - | _ S !
Spacing of Juints given under Art. 7.4.6 (d). NS W (f) Design of Tie Bars g |
(i) A trial thickness value of the slab is assumed for calculating the e Tie bars ?m: designed for h?nil;u:ma] jﬂgﬂs f;ﬂpt?m E;d .m mh;4j : ?:ﬁ,ﬁ[h]f E];l r
warping stress at edge region is calculated (using Equation 7.26) and this value s pond stress in deformed bars is 24.6 keg/cm' and that in plam tie bars s, 17.5 kg/cm'. e 5
subtracted from the allowable flexural stress in concrete to find the residual strenett Allowable working stress in tensile steel is taken as 1400 kg/cm™. Recommended details ig_f,.’..g'f
in the pavement to support edge loads. .. = B oftie bars are given in Table 7.5 : E‘ah 1
; : . . Y . ' ﬂ'lt:.l b
(1v) The load stress in edge region is found using stress chart, Fig. 7.23 or is calculated Table 7.5 i
(using Eq. 7.21). The available factor of safety in edge load stress with respectlo Slab thickness. " Tie bar details, cm Y™ A _lf,-;,l
the residual strength is found. If the value of factor of safety is less than 1.0 oris 3 cm Diameter | Max. spacing | Plain bars | Deformed bars %l

in excess of 1.0, another trial thickness of the slab is assumed and the «

L

. o8 [ 38 [ aw [ 30

=
| -_‘. .
=BT | T
- " | -

are repeated il the factor of safety works out to 1.0 or a slightly higher "‘:Igfr‘hj

e A, B | o5 ]
; g1 __‘:: = En Al i ."! I
(v} The tm:l stresses al the comer due to wheel load and warping is € 8
stress chart Fi

h Fig. 7.24 and 7.25, (or by using Eq. 7.22 and 7.27) for this th
cm. If this stress value is less than the allowable, flexural stress in concretét
slab thickness, h is adequate or else the thickness may be suitably increa

(However usually the stresses dye i ' Sprad
: 0 load and warping at the corner region:
not be higher than that at edge region). i .

(Vi) The design thickness, A

end of design life and us;i  the
adjusted slab thickness using the adjustment value from Table to ﬂhmin, 3

o -'_'.-'_

1.0
1.2

64
30
(-

Ly

-
E.—H e
i

25

L
~E“FFE§"&'.:’.'
e

=

T
-|T"I-=I'I'.I'll_ll_— -r.=

&) Design of Reinforcement

Reinforcement in CC pavements are intended to prevent deterioration of the E!‘ﬂﬂmkf
“nd not to increase the flexural strength of uncracked slabs. The area of Iunglmdmalh _
ansverse steel required per metre width or length of slab is computed from the formula ;

is adjusted for the traffic intensity or classification &

-
B

i EaE i i ot Ay " T ;
‘T -1 BLEYy e :
S N S L SRS e e S

(d] Spacing of Joings Lfw (7.40)
(1) The max * o a 28
WaEn the fﬂun;::la;;?gi;ﬁ nded for 25 mm wide expansion joints Where A =

area of steel required per m width or length of the slab, cm
ngitudinal steel) or free

fough, for, all slab thicknesses. When the fOUSee S

1
2

L = distance between free transverse joints (for lo
longitudinal joints (for transverse steel), ™

taken as 1.5.
coefficient of friction between pavement and subgrade, usually

f =
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" DESIGN OF HIGHWAY PAVEMENT
= allowable working stress in steel, uhlmlgv taken g | 400 4o I-:% ‘
p-rn.-:m af minimm }h:hl slress, kgfcm WEHEJ h

-’.I' i

| L -
[ _llun_-'- o N W o

; & el o o1
- L | T - _; -4 [ N

: .I-l-r:hh :ill' "1_- i

& Y .

I.l 'l L} - J - '.

| i Fpt

B Sa—

(e resforcement may be placed 5 cm below the surface of ihe sl ses SIS
across dummy groove [Nty 1 serve the purpose of tie hﬂri. Al all ful 'ﬂdh Ahe
edgos, the reinforcement is kep! atleast 5 cm away from the fuce of Joint

o weight of unit area of pavement alab, kg/m’

| N T

| ] e

depth §, ot
m. = il *1' {L. .i: -
-..._I- I i '.!I.':_

- H =
" i

Fasmple 7.24 .

“f‘!l’ﬂﬂ ﬂ‘jﬂ r."”ilﬂtl'ﬂu I'jl""”h H‘[ n plﬂi" Eﬂ".fl“ C
highway |

) Spacing of expansion and contraction joints
(b) Pavement slab thickness
(¢} Dawel bars [or expansion joints

(d) - Tie bars for longiudinal joints
Fallow the design procedure recommended by TRO Wi N . f~ .

pven data, TRC Joad stress charts for edge and se
: cormer regio :
not prowided here. gons,

- |.-
1h

and assume othiad
any e

Widlhnfﬂpan'.hmjuimgup = 2.5¢cm

Maximum variation in lemperature belween
simimer and winter -~ 35 o

Thermal coellicient of concrete = 10 » 107 per °C

Allowable tensile stress in CO during curing = 0.8 l-;j,;,"::rn:Li
LCoctlicient of friction = 1.5

Unit weight of CC - 2400 kg.:"tl'l‘l]

Design wheel load = 3100 kg
Radius of contagy area =

Present traffic mtensity -

15 cm

950 commercial vehicles/day
Modulus of reaction of sub-base course = § kgf"ﬂmj

Hlexural stren
Eth (allowah)e Hexural \ress) of concrete = 40 kﬁ"mz

E value of concrete = 3% 10° Rgfﬂlﬂ:'

Desi Hvalue = (.15
Sstem = 400

1400 Icg.)‘lr.:rrl1
1000 kg;‘:mz
160} kgf:mi

DESIGN OF RIGID PAVEMENTS

permissible tensile stress in steel (fie byr ) =

1400 kg/cm®
= 46 Ill:g,"lr:ﬂ'l1

permissible bond stress in deformed tie bags

'_[':.H!F'“mur: :Iiﬂi:mnti:l valucs in the rr.giun ’

5]ab thickness, €m

Solution
(a) Joint Spacing
, ... .
o = E]ﬂll‘ll" 31’—5 = 125 cmi

o _ 125
WOC(T;-Ty)  100410%10°* »35

which is less than {Imximum specified spacing of 140 m and so acceptable. Contraction
joint spacing in plain CC,

gpacing of expa nsion joint Ly, =

=35.7m

L. = 285:x10° _ 2x08«10*
w.I 2400« 1.5

which is less than maximum specified spacing of 4.5 m and hence acceptable,

Therefore provide contraction joints at 4.45 m spacing and expansion joints at every
Bth such joints i.c., 4.45 = 8 = 35.5 m spacing (instead of 35.7 m).

(b Pavement Slab Thickness
Assume trial thickness of slab

=445 m

20 cm

; S Eh’ 1
Radius of relative stiffness, | = | ————
12K (1-p?)

|

5 4
[ 3%10° %207 ] <

[

12x8(1-0.15%)

L 445
— B o = ﬁlﬁ
/ 71.1
L
- = _.Eﬂ_ =49
[. 71.1
From &:
MFig. 7.25 warping stress coefTicient Cy at l"f—'— of 626 =0.92.
:l L’Ht 4.92. Ey. = ﬂ.ﬂ < C!
tm .
Peralyre differential for 20 cm thick slab = 15.8°C
Warping Stress at edge, S = EL‘%E
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HESIGN OF HIGHWAY PAVEMENTS e
092x3x10" x10x107 x 158 o
" 2 ket
Residual strength in concrete slab at edge region I i ;fg: .
- 40.0 -21.8 = 18.2 kg/em® i
Load stress in edge region, using IRC stress chart (Fig. 7.23), corresponding
h = 20,K =8, Sc=27.5 kg/em? S
hegk,
able = residual strength _ 18.2 = 0.6 : .Jﬁi’r
Factor of safety avatiapic _____Edgﬂ* oaditrais © 978 6 Hhti:,
As the factor of safety is less than 1.0, it is unsafe. Therefore assume 5 hlﬂm i }
thickness say h =24 cm. | o (e
Ix108x24 | o
[ | —e =81.53 cm
[12:3(1 umszj]
Lyl = % = 5.46 A
Cx = 0.80 (from chart Fig. 7.25); Cy at L,/ of 4.29 'ﬂ-ﬁﬁ |
e
Temperature differential for 24 em thick slab (by interpolation) = 162°C = 2"
, il S
Se = 3 x3x10°x10x 107" x 162x0.8=19.44 kelem’
Residual strength at the edge | “'Eéﬁ_j
= 40.0 - 19.44 = 20.56 kg/cm’ i |
Load stress at edge, using stress chart (Fig. 7.23) for | #341 p ][E ‘
h = 4,K=8,S,=19.2ke/om’ 8o g
Factor of safety available = FE_' = 1.07 which is safe and acceptable value : LE ,
Therefore provide a tentative design thickness of 24 cm. B
Check for corner load stn:ssz: Using IRC stress chart Fig. 7.24, for h = 24, K.- *::_ |
the value of S¢ = 23.0 kg per em®. g N

Comer warping stress §;, = Eet fa SRS
3(1-p) VI PR

- XIS x10x10¢x162 [15_ _ gy pgemii

3(1-0.15) 81.53 e =

l’]'5‘\‘}'1":1112.* Worst combination of stresses at the comner is 23.0 + 7.1 = 30.1 ].cg!::mz-
¢ss than the allowable flexural strength of 40 kg/ cmz and hence the design ii?_;:';-
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cment Jor Traffic intensity
Adjth (1420)
ing & growth factor r = 7.5% and the ceiar
AssUrt J'mrnre:nt IS npenad to traffic,n=13. “r}'ﬂn after the last etoe

lllf_'! nl:W Fﬂvﬂ

Therefore the revised design thickness of the slab
= 24+2=26cm

(c) Dowel bars
Assume dowel bar diameter = 2.5 ecm
Joint width, 8 = 2.5cm
for Equal capacity in bending and bearing

o [_FLI{LﬂH.SE}r
F, (Ly+8.88)

|

L4

I
5y 75| 1400 Ly+15x25]:
100 L, +8.8x2.5

By substituting different values of L4 by trials (as in Example 7.22), the value of Ly is
found to be 42.2 cm.

Length of dowel bar = Lyg+6=422+25=44Tcm

Therefore provide 45 cm long dowel bars of diameter 2.5 cm

Actual value of Lg = 45.0-25=42.5cm

Load trangfer capacity of single dowel :
P'(shear) = 0.785d" F,

~ 0785 x 2.5% x 1000 = 4906 kg

2d7F_ _ 2x2.87x1400 _ 0p

P'(bending) = L, +8.86 T 42.548.8%2.5

_100x42.5° %25 _ . 781 kg

2
. i = ._Fh'.ﬂ-ﬂ—' il
P {-bEﬂnnE.} 12 & (Ld + 1'55} 12*5{41,5 +1.51‘:2~5}

Tak; |
"2 the lowest value for design, P’ (design) = 678 kg

e L
T N T T Ll

.-
— |
o
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1 pad capacity factor required : .
Load capacity of the dowel group = 5100 x s "

2040 _ 10

———

Capacity factor required = — g

Spacing of doy vel bars
Radius of relative stiffness for revised slab thickness of 24 ¢m,

l‘ =

3x10°x26° | e
—— — i Em
12x8(1-0.15%)

Effective distance upto which there is load transfer
= 1.8/=1.8x86.6=1559cm

thz group

*x |

1559 155.9 155.9

= 2.77 < the required value of 3.0.
Assume dowel bar spacing of 30 cm.

& 155.9-30 i 155.9-60 i 155.9-90 i

Capacnty factor = |
155.9 155.9 155.9

155.9-120 _ 1559 ~150 _

155.9

As this value is greater than the required capacity factor of 3.0, 30 cm spac

dowel bars is adequate. Therefore provide 2.5 cm dia. Dowel bars at Expamlﬂ?.lﬂ ":-ﬁ .I

total length 45 cm at a spacing of 30 cm centres.
(d) Tie Bars

Area of steel per metre length longitudinal joint,

A = DLW _ 3.5x1.5%26%2400

, 1559-35  1559-70  155.9-105 |

=234 cm’ perm ’_';*'__ 8l

REFERENCES &

4o spacing of tie bar, say 33 cm

Frmri d.S 1= 1400
i [*ﬂ bﬂ]" L . T SR
FIH[:'I 1 | Eﬁh T

Lﬂﬁﬂm of =28.5¢cm

Therefo
33 e
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b= iTESent . ﬁ S5 ?E;Eiﬂs in Concrete Pavements”, Journal, Indian Road Congress, VO!. -
Perimeter of the tiebar = 3.14 : )
A4 cm T
. : ! FEA} "".En L T C:ﬂ'ttm ﬂsﬁﬂﬂlﬂtlﬂ'ﬂ [U'S'A}
Number of tie bars required per meter length of joint ™ ncrete Pavement Design”, Portland =y -
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= DESIGN OF HIGHWAY PAVEMENT« A
o ice for Design of C _. f* 3
4¢I “Recommended Practice oncrete p e
o American Concrete Institute, Vol. 30, 1938, ﬂ"ﬂmmu;;} |
0. JRC, “Guidelines for the Dﬁsig_n of Rigid Pavemenys ’*:E.H- E 4.
(First Revision), IRC : 58, 1988,, Indian Roads Congress, for . High,
PROBLEMS g
|. Explain ‘Flexible and Rigid” pavements and bring out the Points of diﬂ: ' fﬁ-ﬂ,
2. Draw a sketch of flexible pavement cross section and shoyy e B
Enumerate the functions and importance of each component of the ::Epﬂanm |
3. What are the various factors to be considered in pavement dﬂﬂiﬂ{?? -"_"_.'f:' 16.

significance of each.

4. Discuss the importance of gross wheel load and
distribution pattern and in pavement design.

centre spacing and clear space in the dual wheels are 30 cm and 10 em recnamt \
Calculate the ESWL for pavement thickness (i) 20 cm, (ii) 40 cm, gi?ﬁﬁ“' e

1. Discuss the effects of repeated applications o

; f loads on ' “]f e
equivalent wheel load factors for load repetitions. Pﬂ'-’ﬂ.meﬂ?,ﬁ  Explan.

8. ?’:;“Iﬂﬁf the design repetitions for ten year period equivalent to 22153 kgrlmm
'lj the n'{txed tr§ﬂ1: in both directions is 1860 vehicles per day. The de 7
Istribution of different wheel loads of commercial vehicles are given belows

= |
Wheel load, Percentage in total AT S
kp traffic volume =Feh A

7. Explain how the efasti i
fic m
olate beating test dars oduli

ion ? Discuss the effects and f‘
- Suggest measures to prevent of FFEEE

E -!J.'- : !
-I-.LI

PROBLEMS
405

suhﬂl‘ﬂﬂﬂ: soil sample has the fﬂ[lﬂwing Properties -

A
i nassing soil 0.075 mm sieve = g0

.sign the pavement section by G.I. meth

immgmial vehicles per day.

Explain the CBR method of pavement design. How is this method useful 1o

od for heavy traffic with over 400

" jetermine thickness of component layers ?

Discuss the advantages and limitations of C.B.R. method of design.

The CBR value of subgrade soil is 8 percent. Calculate the tota] thi
flexible pavement using (i) design curve developed by California Elaﬂ:rc E:hﬂw::

pepartment (ii) design chart recommended by 1.R.C, (iii} des:
by ﬂw: U.S. Corps of Engineers. (1) design formula developed

Assume light traffic or 3175 kg wheel load and tyrs pressure of 5 kg/cm”.
The C.B.R. test carried out on a subgrade soil gave the following readings :

The different pavement materials available near the construction site are as follows.
(1) Sandy soil with CBR value = 10%

(1) Soil-kankar mix with CBR value = 25%

(1) Broken stone and gravel with CBR = 90%

(i) Bituminous concrete for surfacing = min. 5 cm thick

Design the pavement structure for commercial vehicles of 2000 per day, with 8.0%
growth rate.

Explain the California resistance value method of flexible pavement design.

+ Caleulate the traffic index value for 10 year period using the following data.

Ag :
*Ume 60 percent increase in traffic volume in 10 years.

. 0 _ component layers
lculate equivalent cohesiometer value for the three pavement
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