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IRC : 58-1988

GUIDELINES FOR THE DESIGN OF RIGID
PAVEMENTS FOR HIGHWAYS

1. INTRODUCTION

Guidelines for the Design of Rigid Pavements for High-
ways were approved by the Cement Concrete Road Surfacing
Committee in their meeting held at Chandigarh on the 11th
March, 1973. These were approved by the Specifications &
Standards Committee in their meeting held on 31st January and
Ist February, 1974. The Guidelines were then approved by the
Executive Committee and the Council in their meetings held on
the Ist May and 2nd May, 1974 respectively.

In view of the recent upward revision of the legal limit on
the maximum laden axle-loads of commercial vehicles from
8160 kg. to 10200 kg. (new legal maximum wheel load 5100
kg.), appropriate modifications have become necesary in some
sections of the Guidelines.

Accordingly, the Cement Concrete Road Surfacing
Committee of the Indian Roads Congress in their 17th meeting
held at Nagpur on 8th January, 1984 (personnel given below)
considered and approved certain changes :

K K. Nambiar ... Convenor

Y.R. Phull ... Member-Secretary

H.S. Bhatia L. Shivalingaiah

D.C. Chaturvedi N. Sivaguru

N.C. Puggal K. Suryanarayana Rao

0.P. Gupta Director (Civil) L.S.1.

P.K. Issac (G. Raman)

P.J. Jagus D.G.B.R. (Maj. Gen. J.M. Rai)
D.P. Jain ‘B.T. Unwalla -

R.S. Jindal Director General Cement

Maj. Gen. R.K. Kalra Research Institute of India

P.V. Kamat (Dr. H C. Visvesvaraya)
Dr. S.K. Khanna Director, U.P. P.W.D. Research
P.J. Mehta Institute (P.D. Agarwal)

C.B. Mathur City Engineer (Roads), Municipal
D.C. Panda Corporation of Bombay

A Rep. of CP.W.D.
DG.(R.D) —Ex-officio
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The amendments were considered by the Specifications &
Standards Committee in their meeting held at New Delhi on the
21st August, 1985 and were returned back to Cement Concrete
Road Surfacing Committee for further consideration. The draft
was then finalised by Dr. M.P. Dhir Convenor and Shri S.S. Seehra
Member- Secretary of the reconstituted Committee. The draft
received from the Cement Concrete Road Surfacing Committee
was reconsidered by the Highways Specifications & Standards
Committee in their meeting held on 25th April, 1988 at New
Delhi and approved. These amendments received the approval
of the Executive Committee and the Council in their meetings
held on 26th April and 7th May, 1988 respectively.

2. GENERAL

Rigid pavement design commenced with the classical
analysis of Westergaard in 1926. Most of the subsequent work,
till recently, aimed at modifications and adaptations of West-
ergaard’s work either with a view to match better with the
actual performance and test data, or simplify the analysis
for easier design. Of late, there is a noticeable trend towards
the development of ultimate load analysis in this field, and
consequent upon the AASHO Road. Test, attempts have been
made also to apply the serviceability-performance criteria to
rigid pavement design. They are, however, still in a developing

stage.

Some of these methods take only traffic loads into account,
ignoring such environmental factors as temperature changes in
the pavement, which may substantially.limit its load-carrying
capacity. There are other factors, like impact, load repetitions,
ete., the effects of which though understood qualitatively, are
not yet conclusively established quantitatively. Nevertheless,
for a rational design, their effects should be incorporated to the
cxtent possible with the existing knowledge.

It is with the objective of simplifying this task and to pro-
mote the scientific design of rigid pavements that these guide-
lines have been drawn..

3. DESIGN PARAMETERS AND ASSESSMENT
OF THEIR DESIGN VALUE

3.1, Traffic Parameters

3.1.1. Design wheel load : The design wheel load should
be the maximum wheel load of the predominant heavy vehicle
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likely to use the pavement in the normal course. In case of
public highways, it will obviously be governed by the prevailing
legal limits on the maximum laden weight of commercial
vehicles. It is currently taken at 5100 kg.

In addition to the design wheel load, the maximum tyre
inflation pressures for the vehicles should also be ascertained, so
as to enable determination of tyre contact area through which
the load is transmitted to the pavement. For most commercial
highway vehicles, this ranges from about 5.3 to 7.3 kg/cm2,

3.1.2. Traffic intensity : Passage of traffic results in re-
petitive loading of the pavement, thereby inducing fatigue effects
in the concrete. These effects, while not of much consequence
in case of low traffic intensities because of considerable time lag
between successive passes, assume greater importance in case of
heavily trafficked pavements, as the fatigue strength of concrete
reduces with increase in the number of load repetitions it is
required to sustain.

While a rigorous approach would require the assessment of
total number of design load repetitions during intended design
life of a pavement including due allowance for lighter and
heavier loads through the use of appropriate equivalency factors,
a more practical approach is to classify the pavements, for the
purpose of making fatigue allowance, according to traffic inten-
sity range expected.

Since traffic intensity is a growing phenomenon, the heavi-
est intensity will occur at the end of the design life of a pave-
ment. However, it is generally considered adequate if the traffic
is projected to a period of 20 years after construction, since in
the initial stages the traffic intensity will be much less than that
at the end of the design life.

For traffic prediction on main highways, the following
correlation may be adopted :

T=P (14r)r+20 v (D)
with T=design traffic intensity in terms. 6f number of commer-
cial vehicles (laden weight > 3 tonnes) per day,

P=traffic intensity at last traffic count,
r=annual rate of increase of traffic intensity, and

n=number of years since last traffic count and commis-
sioning the new concrete pavement.

3
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The traffic intensity P for assessment of design traffic inten-
sity T should normally be a seven day average based on 24-hour
counts, in accordance with IRC : 9-1972 : Traffic Census on Non-
Urban Roads (First Revision). However, in exceptional cases,
where such data are not available, an average of three day

counts may be used as an approximation. Based on growth rate

of traffic over the past few years, a value of 7.5 per cent is
suggested for ‘s’ for rural roads for the time being, wherever
actual data are not available.

In case of new highway links, where no traffic count data
will "be available, data from highways of similar classification
and importance may be used to predict the design traffic
intensity.

The pavement classification based on design traffic intensity, .

suggested for adoption for rigid pavement design, is given in
Table 1.

TABLE 1. TRAFFIC CLASSIFICATION FOR RIGID PAVEMENT DESIGN

IRC : 58-1988

adopted for pavement design. For this purpose, guidance may
be had from Table 2.

TABLE 2. REeCOMMENDID TEMPERATURE DIFFERENTIALS IN CONCRETE ROADS

Temp. differential in °C in
slabs of thickness

20 cm ! 25 cm ! 30 cm
1

i 10 cm [ 15cm

|
|
Zone ! States

Traffic | Design Traffic Intensity : .
classification Vehicles (laden weight >3 tonnes) per day at
the end of design life

0-15
15-45
45-150
150-450
450-1500
1500-4500
Above 4500 and all expressway

OMmo OwW»

I. Punjab, U.P., Rajasthan, 10.2 12.5 13.1 143 158
Gujarat, Haryana and North :
M.P., excluding hilly regions
and coastal areas )
II. Bihar, West Bengal, Assam and 14.4 15.6 16.4 16.6 16.8
Eastern Orissa, excluding hilly
regions and coastal arcas
ITI. Maharashira, Karnataka South  14.75 17.3 19.0 20.3 21.0
M.P., Andhra Pradesh, Western ) .
Orissa and North Madras
excluding hilly regions and
coastal areas
1V. Kerala and South Madras, 13.2 15.0 16.4 17.6 18.1
excluding hilly regions and
coastal areas
Coastal areas bounded by hills 12.8 14.6 15.8 16.2 17.0

V.
V1. Coastal areas unbounded by 13.6 15.5 17.0 19.0 1_92
hills

3.2. Environmental Parameters

3.2.1. Temperature differential : Tenipcrature differcntial
between top and bottom of concrete pavements is a function of
solar radiation received by the pavement surface at the location,
losses due to wind velocity, etc., and thermal diffusivity, of con-
crete, and is thus affected by geographical features of the
pavement location.

As far as possible, values of actually anticipated tempera-
ture differentials at the location of the pavement should be

4

Note : The above mentioned table has been prepared on the basis of actual
observations by Central Road Research Institute, New Delhi.

3.2.2. Mean temperature cycles : Mean temperature cycles-
daily and annual of concrete pavements affect the maximum
spacing of contraction and expansion joints in thq pavement and
design values for these factors would be required if it is desired
to adopt the maximum safe spacing of expansion joints.
However, these factors are dependent upon the geographical
location of the pavement, and data thereon are generally not
available readily. Somewhat conservative recommendations
for maximuin expansion joint spacing have, therefore, been
framed as guidelines on the basis of actual temperature data
collected at selected locations in different parts of the country.

3.3. Foundation Strength and Surface Characteristics
3.3.1. Strength: The foundation strength, in case of rigid

5
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pavements, is expressed in terms of modulus of sub rade reac-
tion, K, which is defined as pressure per unit deﬂcgction of the
foupdatxon as determined by plate bearing tests. As the limiting
design deﬂethon for concrete pavements is taken at 1.25 mm

the K-value is determined from the pressure sustained at this
deflection. As K-value is influenced by test plate diameter, the
standard test is run with a 75 cm dia. plate, beyond which’ the
effect of diameter has been found to be negligible. A frequency
of one test per km per lane is recommended for assessment of
K value, unless foundation changes with respect to subgrade soil
type, of sub-base or the nature of formation (i.e. cut or fill) when
additional tests may be conducted.

_ In case of homogepeous foundation, test values obtained
with plates of smaller diameter may by converted to the standard
75 cm plate value by experimentally obtained correlations, e.g,

K75=0.5 Kao (2)

with K75 and Kso as the K values obtained on 75 cm' and 30 cm
dia. plates respectively. However, in case of layered construc-
tion, as in the case of sub-base, the tests with smaller plates give
greater weightage to the stronger top layer, and direct conversion
to 75 cm plate values by the above correlations somewhat over-
estimates the foundation strength, and such conversion must be
regarded as very approximate only.

The subgrade soil strength, and consequently the strength of

the fouqdatlon as a whole, is affected by its moisture content.
The design strength obviously must be the minimum that will be
available under the worst moisture conditions encountered. The
1deal period for testing the foundation strength would thus be
after the monsoons when the subgrade would have attained its
highest moisture content.

In case the tests have to be conducted at some other time,
especially dunpg the dry part of the year, allowance for loss in
strength c_iue to increase in moisture must be made. For this pur-
pose, an idea of the expected reduction in strength on saturation
of the subg_rade may be had from laboratory CBR tests on
subgrade soil samples compacted at field density and moisture
content and tested before and after saturation. An approximate
idea of K value of a homogeneous soil subgrade may be had
directly from its CBR value using Table 3. A more elaborate
procedure involves correlation through consolidation tests on
unsoaked and soaked samples.

IRC : 58-1988

TABLE3 APPROXIMATE K VALUE CORRESPONDING TO CBR VALUES FOR
HOMOGENEOUS SoIL SUBGRADES

CBR value (%) -2 3 4 5 7 10 20 50 100

K-valve (kg/cm?) 208 2.77 3.46 4.16 4.84 5.54 6.92 13.85 22.16

The recommendations of IRC : 15-1981 shall be followed
and a K-value of less than 5.5 kg/cm3 tested on the subgrade
shall not be permitted. In case of rocky subgrades with a
K-value of 5.5 kg/cm3 and higher, the pavement may be laid
directly thereon or after providing a levelling course, if required.
In case of problematic subgrades such as clayey and expansive
soils, etc., appropriate provisions shall be made for a blanket
course in addition to the sub-base as per the relevant stipulations
of IRC: 15-1981, reproduced in Appendix I.

3.3.2. Foundation surface characteristics : The foundation
surface characteristics, viz., its smoothness or roughness, deter-
mine the extent of resistance to slab movement during expansion
and contraction on account of foundation restraint, and affect
joint spacings. The maximum safe spacing increases with increase
in surface roughness of the foundation in case of expansion
joints, and decreases in case of contraction joints.

For the purpose of determination of joint spacings, diffe-
rent types of foundations generally adopted may be classified
into three categories, viz., very smooth, smooth and rough, accor-
ding to their surface characteristics, as given in Table 4. As the
foundations normally adopted in the country fall within the last
two categories, only these two categories have been considered
in formulating recommendations for expansion joint spacings.

TABLE 4. CLASSIFICATION OF DIFFERENT TYPFS OF RIGID

T : PAVEMENT FOUNDATIONS ACCORDING TO THEIR
SURFACE CHARACTERISTICS

Surface roughness Type of foundation

characteristics

Very Smooth Compacted sand and gravel. Smooth foundation
covered with waterproof paper :

Smooth ' Compacted sand, gravel and clinker, stabilised
soil. Rough foundation covered with waterproof
paper

Rough Water-bound maca’dém, soil-gravel mix, rolled

lean concrete, lime-pozzolana concrete, etc:

7



IRC : 58-1988

3.4. Concrete Characteristics

3.4.1. Design strength: As stresses induced in concrete
pavements are due either to bending or its prevention, their
design is necessarily based on the flexural strength of concrete.
For economical design, the design value adopted for flexural
strength of pavement concrete should not be less than 40 kg/cm?2.
This strength value, however, should- not be confused with the
mix design strength. The mix has to be so designed as to ensure
the minimum structural strength requirements in the field with
the desired confidence level. Thus if :

s = structural design value for concrete strength,
9. 5= mix design value for concrete strength,
¢t = tolerance factor for the desired confidence level,

expected standard deviation of field test samples, based on a know-

lse;:ige of the type of control, viz. very good, good or fair, feasible at
ite.

i

L3

then s=s+t.0 .. (3)

so that to achieve the desired minimum structural strength s in
the field, the mix design in the laboratory has to be made for
somewhat higher strength, s making due allowance for the type
and extent of quality control feasible in the field.

For pavement construction, the concrete mix should prefer-
ably be designed and controlled on the basis of flexural strength.
If that is not possible, correlation between flexural and compres-
sive strgqgths should be established on the basis of actual tests
on additional samples made for the purpose at the time of mix
design. Quality control can then be exercised on the basis of
compressive strength, so long as the mix materials and propor-
tions remain substantially unaltered. Even though it is custo-
mary to assume 280 kg/cm? as compressive strength correspond-
ing to 40 kg/cm? flexural strength, such general assumptions
should be avoided as far as possible in view of the variety of
factors which influence the correlation between the two strengths.

For general guidance, the value of # and o for concrete
compressive strength value of 280 kg/cm? are given in Table 5 for
different degrees of quality control. For design of cement
concrete mix, IRC: 44-1972 Tentative Guidelines for Cement
Concrete Mix Design for Road Pavements (for non-air entrained
and continuously graded concrete) may be followed.

8..
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TABLE 5. CONCRETE Mix DESIGN STRENGTH FOR DIFFERENT DFGREES
oF QUALITY CONTROL, FOR STRUCTURAL DESIGN VALUE OF
280 kg/sq. cm FOR CONCRETE COMPRESSIVE STRENG1H

© i o T4 TR LA e

T ;

Degree of | Tolerance | Tolerance Coefficient | Mix design Standard
quality level - factor, of vari- strength deviation
control , t ! ation kg./sq.cm. kg/sq.cm.

Very good 1in15 1.50 7% 315 22

Good 1in 15 1.50 109% 330 33

Fair 1in 10 1.20 159, 350 52

Notes: Very good quality control : Control with weigh batching, use of
- graded aggregates, moisture determination of aggregates, etc.
Rigid and constant supervision by the quality control team.

Good quality control :  Control with weigh-batching, use of graded
aggregates, moisture determination of aggregates, etc. Constant
supervision by the quality control team.

Fair quality control :  Control with volume-batching for aggregates.
Occasional checking of aggregate moisture. QOccasional supervision
by the quality control team.

3.4.2. Modulus of elasticity and Poisson’s ratio: The modulus
of elasticity, E, and Poisson’s ratio, u of concrete are known

‘to vary with concrete materials and ‘strength. The elastic

modulus increases with increase in strength, and Poisson’s ratio
decreases with increase in the modulus of elasticity. While it
is desirable that the values of these parameters are ascertained
experimentally for the concrete mix and materials actually to ‘be
used at the construction, this information may not always be
available at the design stage. In such cases, it is suggested that
for design purposes, the following values may be adopted for
concrete in the 38-42 kg/cm? flexural strength range :

~ Modulus of elasticity of concrete, E=3x10° kgfcm?
" Poisson’s ratio, i =0.15

3.4.3. Coefficient of thermal expansion : The coeflicient of
thermal expansion, «, of concretes of the same mix proportions
varies with the type of aggregate, being in general high for sili-
ceous aggregates, medium for igneous rocks and low for
calcareous ones. However, for design purposes, a value a=10Xx
10-8/°C may be adopted in all cases.

4. DESIGN OF SLAB THICKNESS
4.1. Critical Stress Condition
Concrete pavements in service are subjected to stresses due

9
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to a variety of factors, acting simultaneously, the severest com-
bination of which inducing the highest stress in the pavement
will give the critical stress condition. The factors commonly
considered for design of pavement thickness are traffic loads and

temperature variations, as the two are additive. The effects of

moisture changes and shrinkage, being generally opposed to
thqse of temperature and of smaller magnitude, would ordinarily
relieve the temperature effects to some extent, and are not nor-
mally considered critical to thickness design.

) F_or purposes of analysis, three different regions are recog-
nised in a pavement slab—corner, edge and interior—which
react differently from one another to the effect of temperature
differentials, as well as load application.

The concrete pavements undergo a daily cyclic change of
temperature differentials, the top being hotter than the bottom
during day, and cooler during night. The consequent tendency
of the pavement slabs to warp upwards (top convex) during the
day and downwards (top concave) during the night, and re-
straint offered to this warping tendency by self-weight of the
pavement induces stressses in the pavement, referred to com-
monly as temperature stresses. These stresses are flexural in
nature, being tensile at bottom during the day and at top during
night. As the restraint offered to warping at any section of the
slab would be a function of weight of the slab upto that section,
it is obvious that corners have very little such restraint. The
restraint is maximum in the slab interior, and somewhat less at
the edge. Consequently the temperature stresses induced in the
pavement are negligible in the corner region, and maximum at
the interior.

Under the action of load application, maximum stress is
induced in the corner region, as the corner is discontinuous in
two directions. The edge being discontinuous in one direction
only, has lower stress, while the least stress is induced in the
interior where the slab is continuous in all directions. Further-
more, the corner tends to bend like a cantilever, giving tension
at the top, interior like a beam giving tension at bottom. At
edge, main bending is along the edge like a beam giving maxij-
mum tension at bottom.

The maximum combined tensile stresses in the three regions
of the slab will thus be caused when effects of temperature diffe-
rentials are such as to be additive to the load effects. This would
occur during the day in case of interior and edge regions, at the

10
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time of maximum temperature differential in the slab. In the
corner region, the temperature stress is negligible, but the load
stress is maximum at night when the slab corners have a tendency
to lift up due to warping and lose partly the foundation support.
Considering the total combined stress for the three regions, viz.,
corner, edge and interior, for which the load stress decreases in
that order while the temperature stress increases, the critical
stress condition is reached in the edge region where neither of
the load and temperature stresses are the minimum. It is, there-
fore, felt that both the corner and the edge regions should be
checked for total stresses and design of slab thickness based on
the more critical condition of the two.

4.2. Calculation of Stresses

4.2.1. Edge stresses

(a) Due to load : The load stress in the critical edge region
may be obtained as per Westergaard analysis and modified by
Teller and Sutherland from the following correlation (metric
units) : _

6l.=0.529 ~hi2~(l+0.54 p) (4 logio —-;— +logiob—0.4048)...(4)
with el.=1load stress in the edge region, kg/cm?,

P=design wheel load, kg,

h=pavement slab thickness, cm,

p=Poisson’s ratio for concrete,

E=modulus of elasticity for concrete, kg/cm2,

K=reaction modulus of the pavement foundation, kg/cm3,
==radius of relative stiffness, cm

e
R e )

b=radius of equiv. distribution of pressure

=gq for-—Z—) 1.724

= VIGEFR—0.675 h for 7-< 1.724 0

and @ = radius of load contact, cm, assumed circular.

The values of / and b can be ascertained directly from Tables 6
and 7. For ready reference, 4-figure log tables are included in

Appendix 2.
11
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TABLE 6. : .
Pli:,z::ﬁ,c;rsl:g:‘.;wa STI”N;SS' /, FOR DIFFERENT VALUES OF (b) Due to temperature : The temperature stress at the criti-
Momoros KA HICKNESS, k, AND Founn,:nou REACTION cal edge region may be obtained as per Westergaard analysis.
» K, FOR CONCRETE E = 3.0x 10° kg/cm? using Bradbury’s coefficient, from the following correlation :
: . . . ) Eant
Radius of relative stiffness / (cm) for different values of X (kg/cm)® ol = - 5 .C AN
h (cm) ; K=6 K=8 K=10 K=15 ' X=130 with g7, = temperature stress in the edge region,

At = maximum temperature differential during day
between top and bottom of the slab,

15 61.44 57.18 54,08 48.86 41.09 . _ ‘
16 64.49 60.02 56.76 51.29 4331 « = coefficient of thermal expansion of concrete,
17 67.49 62.81 59.40 53.67 45.14 C == Bradbury’s coefficient, which can be ascertained
18 70.44 65.56 62.01 56.03 4707 directly from Bradbury’s chart against values of
19 73.36 68.28 64.57 58.35 49.06 ‘ L/l and Wi, _
20 76.24 70.95 67.10 60.63 50.99 L = slab length, or spacing between consecutive con-
21 79.08 "73.59 69.60 63.89 '52.89 traction joints,
22 81.89 76.20 72.08 65.13 54,77 W = slab width, and
23 84.66 78. . . .

8.80 7452 67.33 56.62 ! = radius of relative stiffness.
24 87.41 81.35 76.94 69.31 58.45
25 90.13 83.88 79.32 71.68 60.28 Values of the coefficient, C, based on the curves given in

Bradbury’s chart, are given in Table 8.

TaBLE 7. RADIUS OF EQUIV. DISTRIBUTION OF PRESSURE SECTION, b, IN TABLE 8. VALUES OF CO-LFHICIENT ‘C’" BASED ON BRADRUKY’S CHART

TERMS OF RADIUS Of CONTACT, @, AND SLAB THICKNESS, k

Ll or W[l C
a/h b/h a/h b T ) T
o - i 0.000
_ 2 0.040
0.0 0.325 1.0 0.937 3 0.175
0.1 0.333 1.1 1.039 4 0.440°
0.2 0.357 1.2 1.143 5 : 0.720
0.3 0.387 13 1.250 6 0.920
! 04 0.446 1.4 1.358 2 : ‘ 1.030
: 0.5 0.508 1:5 1.470 ' 8 1075
0.6 0.580 1.6 1.582 9 1.080
0.7 _ 0.661- 1.7 1.695 W 1075
0.8 0.747 1.724 1.724 " 1050
0.9 0.840 >1.7124 a/h’ 12 and above 1.000

]

o

12 R



S X

IRC : 58-1988 IRC : 58-1988
4.2.2. Corner stresses: The load stress in the corner region Co-rner load stress design
may be obtained as per Westergaard’s analysis, as modified by , >0 parameters
Kelley, from the following correlation : 45 P=3100 kg, a=15 cm
E=3x10° kgjcm® p==0.15
016234’,_(\“\\/2)1-2, 8 |
72 1 -++(8) 40 ——  k=30k/cm?
with a/. = | i i otati ket
WIth olc = load stress in the corner region, other notations & 35
reémaining the same as in the case of the edge load stress formula. 5.
- 20
The temperatur.e stress in the corner region is negligible as % o
the corners are relatively free to warp, and may be ignored. ® 25
S g .
4.3. Design Charts ‘g
Figs. 1 and 2 give res . e . 3 2%
188. 1 and 2 give ready-to-use design charts. for calculation - A
of load stresses in the edge and corner regions of rigid pavement 5 15]
. o
Edge 1oad stress désign i (3
50 ¢ parameters- L 101
) - P=5100kg, 4=15cm
45 | E=3x10% kg/cm*u=0.15 5
40 |
3_ Q - T v Y
k=30 k/cm ) 14 16 18 20 22 24

k=18

7&" 35 4 Slab thickﬁess, k (cm)
g 30 A Fig. 2. Design chart for calculation of corner load stress
'\:
g 25 - slabs for the design wheel load of 5100 kg. Fig. 3 gives a design
5 chart for calculation of temperature stresses in the edge region.
9 20 e )
2 . \ . 4.4. Recommended Design Procedure
.E:o 15 ’ . > Step 1 : Stipulate design values for the various parameters.
A 10 _’ Step 2 : Decide joint spacing and land-widths (vide
1 , _ ‘ para 5.1),
s : Step 3 :  Select tentative design thickness of pavement slab.
Step 4 :  Ascertain maximum temperature stress for the
' critical edge region from Equation (7) or Fig. 3.
o - ;

14 ‘ 16 18 70 22 24 Ste;iS: Calculate the resi_dual available strength of
Slab thickness, 4 (cm) concrete for supporting traffic loads.

; . . Step 6 : Ascertain edge load stress from Equation (4) or
 Fig. 1. D"Z’gge",}“;'g gct)rregzlcumtlon of Fig. 1, and calculate factor of safety thereon.

14 ' 15
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Step 7 : In case the available factor of safety is less than
or far in excess of 1, adjust the tentative slab
thickness and repeat steps 3 to 6 till the factor of
safety is 1 or slightly more. Denote the corres-
poding slab thickness as /.

Step 8 : Check for adequacy of thickness in the corner
region by ascertaining corner load stress from
Equation (8) of Fig. 1 and readjust the thickness
hs, if inadequate;

Step 9 :  Adjust A, for traffic intensity. The adjusted design
thickness, /4, may be obtined from
h = hs+h, _ . (9)

The values of /i, may be taken from Table 9.

TABLE 9. RIGID PAVEMENT THICKNESS ADJUSTMENT FACTOR, k¢,

40 — R
yi
35 N .
: E_QQEJEM_EERBJM& /
D_Eé.‘Q_B_FEA.BA& TERS. ey
30 - E=3X10°Kq /cm /S /
o= 1o'x|o%2%c /s // /
=~ &/ s
g ,:"o YC;./ // //
W 2§ o/ Y &
R ' o
- QR’
: ~C
g o
S 20 | °
: s>
5 g °
E o>
g2 s o
L
] o2°
240 .
o0
s 7 0.0
0 . , , —0
.0 ) 10 15 20 25

Traffic classification

A

FOR TRAFFIC INTENSITY

B

h, (cm)

-5

-3

+0

+0

+2

Temperature differential ¢ *C
Chart for determination of coefficient C

Ll

or C
wil

i 0.000
2 0.040
3 0.175
4 0.440
5 0.720
6 0.920

Lyl
or
Wit

12

1.030
1.077
1.080
1.075
1.050
1.000

Fig. 3. Design chart for calculation of edge temperature stress
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Note : See Table 1 for Traffic Classification.

An illustrative example of design of slab thickness is given
in Appendix 3.

5. DESIGN OF JOINTS
5.1. Spacing and Layout

The recommendations of the IRC: 15-1981, para 8 and
Supplementary Notes para N. 2 ““Arrangement of Joints”, may

be followed with regard to Joint layout and contraction joint

spacings

As rrgards expansion joints. it is possible to adopt much
greater spacings than recommended in the Code. Based on a
recent study by the Central Road Research Institute which gives
the maximum spacing of expansion joints that can be adopted
for concrete pavements in India, from a consideration of daily
and annual temperature variations in the pavements in different
parts of the country, degree of foundation roughness as well as
the season of construction, the maximum recommended spacings
of expansion joints are given in Table 10.

17
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TABLE 0. RECOMMENDED Spracing or JOINTs IN RiGID
PaveMeNTs For HiGHways

(2) Expansion Joint Spacings (based on CRRI Study)
(for 25 mm wide expansion joints)

) Maximum expansion
Period of Degree of foun- joint spacing (m)
construction dation roughnes

Slab thickness (cm)
15 20

25

Winter Smooth 50 50 60
{Oct-March) Rough 140 - 140 140
Summer Smooth 90 90 120
(April-Sept) Rough 140 140 140
Notes : 1. See Table 4 for classification of different types of- foundation

layers according to degree of roughness.

(b) Contraction Jolnts Spacings (based on IRC : 15-1981)

Weight of reinforcement

Slab thickness Maximum contraction in welded fabric (for
(cm) joint spacing (m) reinforced pavements only)
(kg m?)
Unreinforced Slabs
10 4.5 . —
15 4.5 —
20 4.5 -
Reinforced Slabs
10 7.5 2.2
15 13.0 2.7
20 - 14.0 ' 38

5.2. Load Transfer at Transverse Joints

5.2.1. Load transfer to relieve part of the load stresses in
edge and corner regions of pavement slab at transverse joints js
provided by means of mild steel dowel bars. For general provi-

18
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sions in respect of dowel bars, stipulations laid down in IRC :
15-1981, Supplimentary Notes para N. 4.2 “Dowel Bars”, may be
followed. The method of design of dowel bars as per Bradbury’s
analysis is recommended.

5.2.2. Design of dowel bars : The dowel bar system may be
designed on the basis of Bradbury’s analysis which gives the
following formulae for load transfer capacity of a single dowel
bar in shear, in bending and in bearing on concrete :

P = 0.785 d2fy (shear) . (10)
— 243
L= SRR (bending in the bar) ... (11)
— f.r2d

~ 125(r+1.52)  (bearing on the concrete) ... (12)

with P = load transfer capacity of a single dowel bar,
d = diameter of dowel bar,
r = length of embedment of dowel bar,
z = joint width,
Js' = permissible shear stress in dowel bar,
Jo = permissible flexural stress in dowel bar, and
Je = permissible bearing stress in concrete.

For balanced design, for equal capacity in bend{ng and
bearing, the length of embedment of dowel is first obtained by

equating P values from equations (l}) and (12) as follows, for
the assumed joint width z and dowel diameter d -

Js r+1.5z ];
r= Sd[ /- r+8.8z . (13)

Knowing z, d and r, the load transfer capacity of a single
dowel is determined from the equations (11) and (12) given
above.

To calculate the spacing of dowel bars, the required capa-
city frctor, n, is first determined from :

load transfer capacity required from the dowel system
load transfer capacity of a single dowel bar

, e (14)
19
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The distance on either side of the load position upto which
the dowel bars are effective in load transfer is taken as 1.8 7,
where / is the radius of relativc stiffness (Equation 6). '

_ Assuming linear variation of the capacity factor for a
single dowel bar from 1.0 under the load to 0 at a distance of
1.8 / therefrom, the capacity factors for the dowel system are
calculated for different spacings. The spacing which conforms
to the required capacity factor, n, is selected for adoption. An
cxample of the design of dowel bars is given in Appendix 4.

5.2.3. Dowel bars are not satisfactory for slabs of small

t;u:c}lzness, and shall not be provided for slabs less than 15 cm
thick.

TABLE 1. DEsIGN DETAILS OF DOWEL BARS FOR leb
HIGHWAY PAVEMENTS

Dowel bar details

Design Slab .
loading thickness (cm) Spacing
Diameter (mm) Length (mm) (mm)
5100 kg 15 25 500 200
20 25 500 250
25 25 500 300

Note : The recommended details are based on the following values of differ-
ent design parameters; fs = 1400 kg/cm?; fe = 100 kg/cm?, Ec = 3.0 %
10° kgfem?®  w = 0.15; Ks = 8.3 kg/cm?; max, joint width = 20 mm;
design load transfer = 40 per cent.

5.2.4. Typical dowel bar designs for use in 20 mm widec
cxpansion joints for highway pavements, for 40 per cent load
transfer are given in Table 11. In case of dummy contraction
joints, aggregate interlock is relied upon to provide load transfer
to some extent, and dowel bars are not provided, ordinarily.
Dowel bars shall, however, be provided in case of full depth
construction joints.

5.3. Tie Bars for Longitudinal Joints

5.3.1. Incase opening of longitudinal joints is anticipated
in service, for example, in case of heavy traffic, sidelong ground,

20
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expansive subgrades, ctc., tic bars may be designed in accord-
ance with the recommendations of IRC: 15-1981, Supplimentary
Note, para N. 5 Tie Bars For the sake of convenience of the
designers the design procedure recommended in IRC: 15-1981
is given herein.

5.3.2. Design of the bars : The arca of stcel required pcr
m length of joint may be computed by using the following
formula :
4
As = b—fs'—‘ . (15)
in which
As = arca of steel in cm? requircd per m length of joint,
b == distance between the joint in question and the nearest
frce joint or edge in m,
| = coefficient of friction bétween pavement and the sub-
grade (usually taken as 1.5),
W = weight of slab in kg/m2, and
S = allowable working stress of steel in kg/cm2.

The length of any tie bar should be at least twicc that requ-
ired to develop a bond strength equal to the working stress of
the steel. Expressed as a form;lszz, this becomes:

L = 55 p .. (16)
in which ’

L = length of tic bar (cm)

S = allowable working stress in steel (kg/cm?2)

A = cross-sectional area of one tie bar (¢cm?)

= perimeter of tie bar (cm), and
. B* = permissible bond stress in (i) deformed tie bars—24.6
B kg/cm2, (ii) Plain tie bars—17.5 kg/cm?

5.3.3. To permit warping at the joint thc maximum
diameter in case of tie bars may be limited to 20 mm, and to
avoid concentration of tensile forces they shouid not be  spaced
more than 75 cm apart. The calculated length, L, may be incre-
sed by 5-8 cm to -account for any inaccuracy in placement
during construction. An example of design of tie bar is given
in Appendix 4. :

5.3.4. Typical tie bar details for use at central longitu-
dinal joint.in double-lane rigid pavements with a lane width of

3.50 m are given in Table 12.

21
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TasLe 12, DeraiLs or Tie Bars

JOINT OoF TwWo-LaNe R

[

OR CENTRAL LONGITUDINAL
1GID HIGHWAY PAVEMENTS

|

Tie bardetails

Slab thickness

Minimum length (cm)

1
| |
(cm) ] . | Maximum | e j
i Diameter spacing | i T £
L (mm) €m) "~ | Plin | Deformed .}!
: ! bars i’ bars
15 8 38 40 30 §'
10 60 45 35
20 10 45 45 . 35
12 64 55 40
25 10 30 45 35
12 45 55 40
14 62 65 46

Note : The recommended details are based on the following values of differ-

ent design parameters :

fs = 1400 kg/cm?, B* = 17.5 kg/cm? for plain bars and 24.6 ke/cms
deformed bars, f = 1.5, W = 24 kg/m®/cm of slab thickacss. g/cm? for

6. DESIGN OF REINFORCEMENT

6.1. Reinforcement, when provided in concrete
ments, is intended for holding the fractured faces at the ¢

pave-

racks

tightly closed together,_ 50 as to prevent deterioration of the
cracks and to maintain aggregate interlock thereat for load
transfer. It does not increase the flexural strength of unbroken

slab when used in quantities which are cons
Where the slabs are provided ade

cracking, such reinforcement has no function.

6.2. Reinforcement in concrete s
teract the tensile stresses caused by s

due to temperature or moisture ch

come friction between the pavement a

laps is designed to coun-
hrinkage and contraction
anges. The maximum tensjon

jdeged economical.
quately with joints to control

nd its foundation, from

in the steel across the crack equals the force required to over- !

the crack to the nearest joint or. free

greatest when the crack occurs
Reinforcement is designed for this
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edg_e.. This force is the
at the middle of the slab.
critical location, However,
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for practical reasons, reinforcement is kept uniform throughout
the length, for short slabs.

The amount of longitudinal and transverse steel required
per m width or length of slab is computed by the foltowing
formula:

(. W ‘
A = 55 )]
in which
A ~= area of steel in cm? required per m width or length

of slab,

L = distance in m between free transverse joints (for
longitudinal steel) or free longitudinal joints (for
transverse steel).

J == coefficient of friction between pavement and subgrade
(usually taken as 1.5),

W = weight of slab in kg/m2, and

§ = allowable working stress in steel in kg/cm?2 (usually
taken as 50 to 60 per cent of the minimum yield
stress of steel).

6.3. Since reinforcement in the concrete slabs is not inten-
ded to contribute towards its flexural strength, its position
within the slab is not important except that it should be adequ-
ately protected from corrosion. Since cracks starting with higher
tensile stress at the top surface are more critical when they tend
to open, the general preference is for the placing of reinforcement
about 50 mm below the surface. Reinforcement is often conti-
nued across dummy groove joints to serve the same purpose as
tie bars, but at all full depth joints it is kept at least 50 mm
away from the face of the joint or edge.
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Appendix 1

EXTRACIS FROM IRC : 15-1981 ““STANDARD SPECIFICATIONS
AND CODE OF PRACTICE FOR CONSTRUCTION OF
CONCRETE ROADS,, (Second Revision)

6. PREPARATION OF SUBGRADE AND SUB-BASE

6.1. General

The subgrade or sub-base for laying of paving concretc slabs shall comply
with the following requirements :

(1) that no soft sports are present in the subgrade or sub-base ;

(2) that the uniformly compacted subgrade or sub-base extends at least
300 mm on either side of the width to be concreted ;

(3) that the subgrade is properly drained ;

(4) that the minimum modulus of subgrade reaction obtained with a plate
bearing test shall be 5.5 kg/cm?®

The manner of achieving these requirements shall be determined depending
upon the type of subgrade or sub-base on which concrete is to be laid, and the
following requirements in respect of the various types shall be satisfactorily met.
The construction procedures for subgrade and sub-bases should follow relevant
IRC specifications, and - quality control should be exercised as laid down in

IRC : SP-11.

6.2. Subgrade

6.2.1. Where the type of soilin the formation of the road is of a quality
to ensure the requirements in the aforementioned para, no intermediate sub-
base need be used.  The top 150 mm layer of the formation shall be compacted
at or slightly abovthe optimum moisture content to the exact profile shown in
the drawing. [t shall be checked for trueness by means of a scratch template
(see IRC : 43-1972 for details) resting on the side forms and set to the exact
profile of the base course. The template shall be drawn along the forms at
right angles to the centre line of the road. Unevenness of the surface as indi-
cated by the scratch points shall not exceed 12 mm in 3 m. The surface irregul-
arities in excess of this shall be properly rectified and the surface rolled or
tamped until it is smooth and firm. The subgrade shall be - prepared and chec-
ked at least two days in advance of concreting.

6.2.2. Where no sub-base is considered necessary and concrete is laid
directly on the prepared subgrade, the subgrade, shall be in moist condition
at the time the concrete is placed. If necessary, itshould be saturated
with water not less than 6 hours nor more thnn 20 hours in advance of placing
concrete. If it becomes dry . prior to the actuai placing of the concrete, it shall
be sprinkled with water taking care to see that no pools of water or soft patches
are formed on the surface. Itis desirable to lay a layer of water-proof paper
whenever concrete is laid directly over soil subgrade. Where such a layer of
waterpoorf paper is proposed to be placed between concrete and the subgrade,
the moistening of the subgrade prior to placing of the concrete shall be omitted.
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6.3. Sub-base

6.3.1. Where the subgrade is of a type not satisfying the requirements of
para 6.1., a Sub-base layer should be provided before laying the concrete. The
sub-base may be of granular material, stabilised soil or semi-rigid material as
listed below :

(a) Granular material
(i) one layer flat brick soling having joints filled with sand under onc
layer of water bound macadam conforming to IRC : 19-1977.
(ii) Two layers of water bound macadam.

(iii) Well-graded granular materials like natural grav'el, crushed_ slag,
crushed concrete, brick metal, laterite, kankar, etc. conforming to
IRC : 63-1975. .

(iv) Well-graded soil aggregate mixtures éonforming to
IRC : 63-1976.
(b) Stabilised soil

Local soil or moorum stabilised with lime or lime-fly ash or
cement, as appropriate to give a minimum soaked CBR of 50
after 7 days curing. For guidance as regards design of mixes
with lime or cement, reference may be made to IRC: 51 and 50
respectively

(c) Semi-rigid material

(i) Lime-burnt clay puzzolana concrete. The lime-pazzolana mixture
should conform to L.P. 40 or L.P. 20 of IS : 4098-1967. The 28 day
compressive strength of the concrete should be in the range of
40-60 km/cm?, :

(ii) Lime-fly ash concrete conforming to IRC : 60-1976.
(iii) Lean cement concrete or lean cement-fly ash concrete conforming
to IRC : 74-1979.

6.3.2. Thickness of sub-base should be 15 cm when the material uscd is

of any of the types listed in paras 6.3.1. (a) and (b). This may, however, be -

reduced to 10 cm for semi-rigid materials in para 6.3.[. (c). The §ub-base
should be constructed in accordance with the respective specification and
the surface finished to the required lines, ievels and cross-section.

6.3.3. Where the subgrade consists of heavy clay (L.L. >50) such as
black cotton soil, the sub-base should be laid over a 15 cm thick blanket course
consisting of non-plastic granular material like local sand, gravel, kankar, etc.
or local soil stabilised with lime.

6.3.4. In water-logged areas and where the sub-grade soil is impregnated
with deleterious salts such as sodium sulphate etc. in injurious amounts** a
capillary cut-off should be provided before constructing the sub-base, vide
details given in para 6.4. .

6.3.5. The sub-base or blanket course, as the case may be, shall be laid
over a properly compacted subgrade to give uniform support. -

IRC : 58-1988

6.3.6. The sub-base shall be in moist condition at the time the concrete
is placed. There shall, however, be no pools of water or soft patches formed
on the sub-base surface. In case where a sand layer is placed between the
sub-base and pavement concrete, a layer of water-proof paper shall be laid
over the sand layer. No moistening of the sub-base shall be done in this case.

. 6.4. Capillary Cut-off

6.4.1. Asaresult of migration of water by capillarity from the high
water table, the soil immediately below the pavement gets more and more wet
and this leads to gradual loss in its bearing value besides unequal support.
Several measures such as depressing the sub-soil water table by drainage
measures, raising of the embankment and provision of a capillary cut-off are
available for mitigating this deficiency and should be investigated for arriving
at the optimum solution. However, where deleterious salts in excess of the
safe limits are present in the subgrade soil, a capillary cut-off should be provided
in addition to other measures.

,6.4.2. The capillary cut-off may be a layer of coarse or fine sand, graded
gravel, bituminised material, or an impermeable membrane. Layer thicknesses
recommended for different situations are given in Table 4.

TABLE 4. RECOMMENDED THICKNESS OF SAND/GRADED GRAVEL LAYER FOR
: CAPILLARY CUT-OFF

Thickness of layer
cm -
Sl Situation
No. Coarse sand | Fine sand | Graded grave |
(mean dia (mean dia (40 mm and
0.64 mm) 0.18 mm) | down without
fines)
1.  Water table at the same level 15 45 15
as the subgrade surface
2.  Embankment about 0.6 —1.0 m 12 35 {1
high - )
3. Embankment about 0.6—1.0 m 0 - 30 38

high but with the top 15 cm subgrade
layer being of sandy soil having

PT of 5 or less and sand content

not less than 50 per eent

**Sulphate concentration (as sulphur trioxide) more than 0.2% in subgrade soil
and more than 0.3% in ground water.
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6.4.3. Cut-off with bituminised or other materials may be provided in any
of the following ways :

(i) Bituminous impregnation using primer treatment
50 per cent straighl run bitumen (80-100) with 50 per cent high speed
diesel oil or its equivalent in two applications of 1 kg sq. m. each,
allowing the first application to penetrate béfore applying the second
one. These applications should be given under the roadbed as well
as onto the sides.

27
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(ii) Heavy-duty tar felt

Enveloping sides and bottom of the roadbed with heavy-duty tar ~ o | =~ "
3 < s wvy o~ < .
felt. A ad A0 Q3 S8R 22 BhE 22 3o 3
(i) Polyethylene envelope g o N8 R8Y 95 |2® [L 2ny ¥n oo | F
. . N o
Enveloping sides and bottom of the roadbed with polyethylene sheets 2 -~ O e e L
of at least 400 gauge. < ° Q8 JI[] K|E 52L 2F Fan d= ==9
8 .
(iv) Bituminouse stabilise soil Sl|e NN —RnW O NFEN N Ne— OO O
. g8 . . e oy s . NN N — — AN
Providing bituminous stabilised soil in a thickness of at least 4 cm. i S - T e e
. : ) I Bl | g2 D9n ¥T0 aa- —o oo aw wmwn
Note : Experience on the successful use of the above capillary cut-offs i ’: o T e =
is, however, limited. . : . g <+ DN N om Q0% oo Kb 0o
6.4.4. For more details about mitigating the adverse effects of high water | Z e W= OO0 ®® k. VO Von N Vaw
° table, reference may be made to IRC : 34-1970 “Recommendations for Road , . - k
i e ‘ ™
Construction in Waterlogged Areas”. ‘ : B0 OO VN it Gt FtE men e
'6.5. Frost Affected Areas ~ TF e oM AN NN AN SN NN -
6.5.1. Infrost affecied areas, the sub-base may consist of any of the ;
specifications given in 6. 3.1. (a), (b) or (c) excepting that in the case of the items i <
6.3 1. (b) and 6.3.1. (c), the compressive strength of the stabilised or semi-rigid @ =9 SR8 I ARBS = § IY Q. Lan
material cured in wet condition shall be at least 35kg/cm®at 7 days. . For 388 =3I= RN &R 8% 888 ¢ 3385
moderate conditions, such as those prevailing in areas at an altitude of 3,000 m
and below, the thickness of frost affected depth will be about 45 cm.  For pro- 0 A NN e N~
. A wy AN gl & q
tection against frost, the balance between the frost depth (45) cm and total : g?— SaR }4Q § 2L 22 De¥ =¥ g I
pavement thickness should be made up with non-frost susceptible material. S mm= SN dAd S8 mee F¢ I
6.5.2. For extreme conditions, such - as those prevailing in areas above an &~ 38 252 AN 8%X92 81 55 291 1rex
. 7 £ s, Vo) +a
altitude of 3,000 m, the foundation may be designed individually for every g8 coe o S, 35 § 8 aca § é &‘ 5 g
location afier determining the depth of frost.
. . . ) N X O oy [7a] — nwnen N — O\ N
6.5.3. The suggested criteria for the selection of non-frost susceptible Q § § @ § oK 23 § E ag § %: § § E
materials are as follows : S e =N AN o e I < <
(i) Graded .gravel : Not more than 8 per cent passing 75 micron sieve w w | N5 e mn oa o
Plasticity index not more than 6. Liquid limit not more than 25. s S8 28 &= L6 g = S 8 =8 83 %8
‘s . . J o NN o .
(i) Poorly graded sands, generally 100 per cent passing 4.75 mn E ML A A
sieve : o ~ S HFmT VL Nw® N
. . i IS4 N 00W oM
. Max. 10 per cent passing 75 micron sieve % - 5 2 Q8 & E g 3 % §§ 223% 25 8o g
Max. 5 per cent passing 50 micron sive 8 M oan I¥ ¥y
iii) Fi i 6si i - R—= AN =~ o N
(iii) Fine _umform sand, generally 100 per cent passing .425 micron - 85 2838 &8 SR8 23 98 =8 ¢=g
sieve : 38 89T =5 I8 2 IBE F§ 95¥
Max. 18 per cent passing 75 micron sieve
. . . oo o o\ vy =i 0y <t
Max. 8 per cent passing 50 micron sieve o °8° oy § § 8 28 2888 3 g § 5 g g g 3 § 3
) , S S=- ZTR R&X |G IEX 7 ¢2¢
! N . NN o [« 3 g =] o
| ~ | 2% BE% FE 202 2% 388 28 888
8=~ =8 [A8 |G I8® A5 9I¥
‘ g N e noo © <~
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Step 7. Available factor of safety on load stress

Appendix 3 filsle = —g'—g=1.03>1 .. O.K.

AN ILLUSTRATIVE EXAMPLE OF DESIGN OF SLAB THICKNESS - ' Step 8. Corner load Stress
From Fig. 2, 0/;=26.8 kg/cm?®< f1; .. O.K.

Step 9. Adjustment for traffic intensity
Design traffic intensity
T=300 (1+0.975)%
=300 % 4.25
=1275, which falls under traffic classification E (Table 1)
From Table 9 .
Required thickness adjustmen=0
Design thickness of payment slab=22 cm

1. Design Parameters
Location of pavement Delhi
Design wheel load p-=5100 kg
Present traffic intensity =300 veh/day
Design tyre pressure p=7.2 kg/cm?
Foundation Strength k=6 kg/cm?®
Concrete flexural strength fr =40 kg/cm®
Other concrete parameters
E=3.0x10°kg/cm?
u=0.15
=10x10"% °C

2. Design Procedure
Step 1. As in para 1 above.

Step 2. Joint spacing and lane-widths

Contraction Joint spacing L=4.5 m
Lane width, W=3.5m

Step 3. Tentative design value of slab thickness,
h=22 cm

Step 4. Temperature stress for edge region.

(i) From Table 2 for 22 ¢m thick pavement slabs in Delhi max.

value of temperature differential.
t=about 13.5°C

(ii) for A=22 cm ; E=3.0< 105 kg/cm®
From Table 6, 1=81.89 cm
o LI1=5.5, W[1=4.3
From Table 8, Cy,=0.82, C =0.52

(iii) From Fig. 3, for C=0.82 and =13.5 °C
ot e=16.0 kg/cm®

Step 5. Residual concrete strength for supporting loads
Su=fr—ate=40.0—16.0=24.0 kg/cm®

Step 6. Load Stress for edge region
From Fig. 1, for A=222 ¢m, k==6 kg/cm®
ole=23.4 kg/cm?®
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1.2

Appendix 4

AN ILLUSTRATIVE EXAMPLE OF DESIGN OF DOWEL
BARS AND TIE BARS

1. DOWEL BARS
Design Parametres

Design wheel load=5100 kg

Design load transfer=409%,

Slab thickness, A=22 cm

Joint width, z=20 cm

Permissible flexural stress in dowel bar=1400 kg/cm®*
Permissible shear stress in dowel bar=1000 kg/cm?
Permissible bearing stress on concrete =100 kg/cm?®
K —value on sub-base=8 kg/cm?/cm

- Other concrete parameters :

L=3x10° kg/cm?
u=0.15

Design Procedure

Steps 1: Dowel length
Assume Dowel diameter, d=2.5 cm .

Then, for equal capacity in bending and bearing, from Eqn (13)

—5 (1400 r+3) 3
r—5>\25><[ 100 ><r+173]

which gives on solution, r=40.5 cm
So that dowel length, L=r+2=40,54+2=42.5cm
say 45 cm

Step 2: Load transfer capacity of single dowel
From equations (10), (11) and (12), load transfer capactty of a
single dowel is obtained ’
“P  (in shear)=0.705 d*fS
=0.785x2.5%2.5x 1000
=4900 kg
2
r+887

2%2.5%2.5%x2.5%x1400
40.5+17.6

40

P (in bending)

==

=753 kg

2.1

IRC : 58-1988

_Ser®d

125(r+1.52)
~10040.5 % 40.5% 2.5
TUTTI25@E05+3)
=754 kg

Taking the least of these values for design purposes,

P153 kg

P (in bearing)=

Step 3 : Capacity factor required of dowel system Load transfer capacity of

the dowel system
=5100:40% =2040 kg

. required capacity factor= 2.(,);%0 =2r70

Step 4 : Spacing of dowel bars
Fork=8 kgjcm?/cm, 1=76.20 (from Table 6)

Considering the joint corner, the distance over which dowel bars
are effective in load transfer=1.8x1=1.8x76.2=137.0 cm about,

Assuming a dowel spacing of 25 cm
Available capacity factor
137-25 137-50 137-75
=+ 5+ 37t

150
=4——pm=4-1.09

=291

which is slightly greater than the required capacity factor of 2.70. Hence
adopt 25 cm as dowel spacing.

" 2. TIE BARS

Dcsign Parameters

Slab thickness, h=22 cm

Slab width, 8=3.35m

No. of lanes to be tied=2 .
Coefficient of friction between payment and subgrade=f=1.5
Weight per m? of concrete slab, w=>528 kg

Allowable working tensile stress in steel S=1400 kg/cm®
Maximum Permissibie bond stress, B in :

(i) Plain tie bars=17.5 kg/cm?

(ii) Deformed bars=24 kg/cm®

2.2. Design Procedure

Step 1 : Diameter and spacing of tie bars
Weight per m® of concrete slab, W=528 kg

41
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Area of steel required per m width of joint
bfW _3.35x1.5x528

et = Dins D A ET 2
s ="% 1200 1.89 cm /m

Assuming dia of tie bars; d=10 mm
A =cross section of one tie bar=78.54 mm?
P="Perimeter of tie bar=31.42 mm

. . As
. No. of tie bars required per m, N =4 ="0.7854 °

. . 100 100x0.7854
Spacing of tie bars-——ﬁ-=-—l-w—

Step 2 : Length of the tie bars :

. 254  2x1400x78.54x10
Lenglh of tie bar=-—-B—-—P——=W

=41.5 cm Say 42 cm

L =40 cm for plain tie bars.

and 29.2 cm for deformed tie bars
Increasing about 5 cm for tolerance in placement
L=45 cm for plain tie bars

and L=35 cm for deformed tie bars

42
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Concrete Pavements

Tentative Guidelines for the Design of Gap

. Graded Cement Concrete Mixes for Road

Pavements

Tentative Guidelines for the Use of Lime-
flyash Concrete as Pavement Base or Sub-
Base

Tentative Guidelines for the Construction of
Cement Concrete Pavements in Hot-Weather

Tentative Guidelines on Cement-Flyash
Concrete for Rigid Pavement Construction

Tentative Guidelines for Lean-Cement Con-
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Tentative Guidelines for Structural Strength
Evaluation of Rigid Airfield Pavements

Tentative Guidelines for Repair of Concrete
Pavements using Synthetic Resin

Code of Practice for Curing of Cement Con-
crete Pavements

Recommended Practice for Accelerated
Strength Testing and Evaluation of Concrete
for Road and Airfield Constructions

Tentative Guidelines for Construction of
Cement Concrete Pavements in Cold Weather

Guidelines for Design of Continuously Rein-
forced Concrete Pavement with Elastic Joints

Handbook of Quality Control for Construc-
tion of Roads and Runways (Second Revision)
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Concrete Pavements

Ministry of Shipping & Transport (Roads Wing),

MOST
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MOST - Ministry of Surface Transport (Roads
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Wing) Manual for Maintenance of Roads
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