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Pavement design



Introduction

» Flexible pavements are so named because the total pavement structure deflects,
or flexes, under loading

v Aflexible pavement structure is typically composed of several layers of
material

v Each layer receives the loads from the above layer, spreads them out, then passes
on these loads to the next layer below

v Thus, the further down in the pavement structure a particular laer is, the less

load (in terms of force per area) it must carry



Basic Structural Elements

A typical flexible pavement structure consists of the surface course and the
underlying base and subbase courses.

Each of these layers contributes to structural support and drainage

The surface course is the stiffest and contributes the most to pavement strength
The underlying layers are less stiff but are still important to pavement strength as
well as drainage and frost protection

A typical structural design results in a series of layers that gradually decrease in
material quality with depth Bl Conae

Asphalt Base Course



Objectives and Requirements of Pavements

Sufficient Thickness
» To distribute the wheel load stresses to a safe value on the sub-grade soil

Structurally Strong
» To withstand all types of stresses imposed upon it

Adequate Coefficient of Friction

» To prevent skidding of vehicles

Smooth Surface
» To provide comfort to road users even at high speed
Produce |least noise from moving vehicles

Dust Proof Surface

» So that traffic safety is not impaired by reducing visibility

Impervious Surface
» So that sub-grade soil is well protected, and

Long design life with low maintenance cost



Types of Pavement Structures

Flexible pavement

." '
LA .c'.o. » 0,0

" q' 0 "-.'.." 0.0 “q.'

.
0"‘!.'-
B myyi

N T

""!""'K""I"L ‘:‘:3)‘5

N

01 o bt |



Flexible Pavements

Lam in Flexible Pavement

50mm " Asphalt'Suiface Course™ "
a-\";.\wfﬁ“ﬁ’# s "M?""'&}"'@ ‘f“"‘ Interface
120mm r)! .\‘:j‘li nlll‘r—w'r’“ '1\( 2 Treatments

' .Unb,ound base. -

Namral Subgrade &

- : . .
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Functions of Pavement Components

e« The load is tranfered by the sub-grade effectively
to the earth mass

Subgrade

s« Base course and sub-base course is used in the
flexible pavement to disperse the upcoming loads

SBUEI:;:: ?;L fsned to large area through a finite thickness, so as to

increase the load bearing capacity of the

pavement

« The top most layer serves as the smooth riding
Wearing Course surface for the traffic, and it wears all the
abrading forces




Design Factors

Design wheel load

» Static load on wheels

» Contact Pressure

» Load Repetition

Subgrade soil

» Thickness of pavement required

» Stress - strain behavior under load
» Moisture variation

Climatic factors

Pavement component materials
Environment factors

Traffic Characteristics

Required Cross sectional elements of the alignment



Design Methods




Tack Coat Seal Coat —' Prime coat

=" Surface Course (25-50 mm) B=
Binder Course (50-100 mm) -

Compacted Subgrade (150-300 mm)

Natural Subgrade




Introduction

» For flexible pavements, structural design is mainly concerned with determining
appropriate layer thickness and composition.
* The main design factors are given below:

Traffic and Temperature

Loading Variation

Design

Factors




Designer Procedure

Two methods of flexible pavement structural design are common today:

Flexible Pavement Design

Emperical Design Mechanistic Design




Emperical Design

Emperical
Design

Based on
Experiments

With Soil Without Soil
Strength thest Strength thest

MclLeod, Stabilometer,
California Bearing Ratio
(CBR) test

HRB
Classification




Mechanistic Design

Mechanistic Design

Mechanics of
Materials

Physical Causes Pavement Response
Wheel Loads and ~l Stress, Strain &
Material Properties Deflection




ESWL(log scale)

Equivalent Single Layer Theory

No stress overlap if
pavement thickness is

smaller thand/2

_

Complete Stress
overlap if Pavement
thickness is greatr than

~N
>

v
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Axle Configuration

An axle is a central shaft for a rotating wheel or gear

i -

Single Axle With Single Wheel Tandem Axle
(Legal Axle Load = 6t) (Legal Axle Load = 18t)

i—ii
i 11l

Single Axle With Dual Wheel Tridem Axle
(Legal Axle Load = 10t) (Legal Axle Load = 24t)



Truck Configuration

(O — {0 = mm——

2 Axle Truck — 16t 5 Axle Truck - 40t

=

LCV

({5 m— {0 s—

3 Axle Truck - 24t 4 Axle Semi Articulated - 34t



Standard Axle

Single axle with dual wheels carrying a load of 80 kN (8 tonnes) is defined as
standard axle

80 kN

Standard Axle



Equivalent Single Axle Load

Vehicles can have many axles which will distribute the load into different axles,

and in turn to the pavement through the wheels

A standard truck has two axles, front axle with two wheels and rear axle with four

wheels

But to carry large loads multiple axles are provided

Since the design of flexible pavements is by layered theory, only the wheels on one

side needed to be considered

On the other hand, the design of rigid pavement is by plate theory and hence the

wheel load on both sides of axle need to be considered

Legal Axle Load:

« The maximum allowed axle load on the roads is called legal axle load

« For highways the maximum legal axle load in India, specified by IRC, is 10
tonnes



Equivalent Single Axle Load

» Standard Axle Load:
+ Itis a single axle load with dual wheel carrying 80 KN load and the design of
pavement is based on the standard axle load



Repetition of Axle Loads

v The deformation of pavement due to a single application of axle load may be small
but due to repeated application of load there would be accumulation of
unrecovered or permanent deformation which results in failure of pavement,

v If the pavement structure fails with N, number of repetition of load W, and for the
same failure criteria if it requires N, number of repetition of load W,,
then W,N, and W,N, are considered equivalent.

+ Note that, W.N, and W,N, equivalency depends on the failure criterion employed



Equivalent Axle Load Factor

» An equivalent axle load factor (EALF) defines the damage per pass to a pavement
by the i*" type of axle relative to the damage per pass of a standard axle load

» While finding the EALF, the failure criterion is important

» Two types of failure criterias are commonly adopted:;

Fatigue
Cracking

Failure

Criteria
Ruttings




Equivalent Axle Load Factor

The fatigue cracking model has the following form:

= e ) x(E) or Nf a €7

where, N, is the number of load repetition for a certain percentage of cracking, &,
is the tensile strain at the bottom of the binder course, E is the modulus of
elasticity, and f,, f,, f, are constants.

If we consider fatigue cracking as failure criteria, and a typical value of 4 for f,,
then: Xt

€i
EA[JF= il
€ sd
where, i indicates i vehicle, and std indicates the standard axle.



Equivalent Axle Load Factor

» Now if we assume that the strain is proportional to the wheel load,
W 4
FALF =| —

std
* Similar results can be obtained if rutting model is used, which is:

Nd = .f:l(ec )-j;

where N, is the permissible design rut depth (say 20mm), E_ is the compressive
strain at the top of the subgrade, and f, &f. are constants.
* Once we have the EALF, then we can get the ESAL as given below

m

ESAL=) Fn,
i=]

Equivalent single axle load,

where, m is the number of axle load groups, F, is the EALF for i™ axle load
group,and n. is the number of passes of i*" axle load group during the design period.



Layered Elastic Model

» A layered elastic model can compute stresses, strains and deflections at any
point in a pavement structure resulting from the application of a surface load.

» Layered elastic models assume that each pavement structural layer is
homaogeneous, isotropic, and linearly elastic.

* In other words, it is the same everywhere and will rebound to its original form

once the load is removed



Assumptions in Layered Elastic Model

= The layered elastic approach works with relatively simple mathematical models

and thus requires following assumptions
Assumption 1

Pavement layer extends infinitely in the horizontal
direction

Assumption 2
-_-.““‘:

The bottom layer (usually the subgrade) extends
infinitely downwards

Assumption 3

Materials are not stressed beyond their elastic
ranges




Pavement Design

—
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Introduction

Indian roads congress has specified the design procedures for flexible pavements
based on CBR values

The Pavement designs given in the previous edition IRC: 37-1984 were applicable
to design traffic up to only 30 million standard axles (msa)

The earlier code is empirical in nature which has limitations regarding applicability
and extrapolation

This guidelines follows analytical designs and developed new set of designs up to
150 msa



Flexible Pavement Design Using CBR Value Of Sub-grade Soil

California State Highways Department Method

J Required data
+ Design Traffic in terms of cumulative number of standard axles(CSA)
+ (CBR value of subgrade



Traffic Data

Initial aata in terms of number of commercial vehicles per day (CVPD)
Traffic growth rate during design life in %
Design life in number of years

Distribution of commercial vehicles aver the carriage way



Traffic in terms of CSA (8160 Kg) During Design Life

Initial Traffic

In terms of Cumulative Vehicles/day

Based on 7 days 24 hours Classified Traffic

Traffic Growth Rate

3 Establishing Models Based on Anticipated Future Development or based on past

trends

+ Growth Rate of LCVs, Bus, 2 Axle, 3 Axle, Multi axle, HCVs are different
7.5 % may be Assumed



Design Life

» National Highways - 15 Years
= Expressways and Urban Roads -~ 20 Years
= Other Category Roads — 10 - 15 Years

Vehicle Damage Factor (VDF)

» Multiplier to Convert No, of Commercial Vehicles of Different Axle Loads and Axle
Configurations to the Number of Standard Axle Load Repetitions indicate VDF
Values

Normally = (Axle Load/8.2)"
n=4-5



Distribution Of Traffic

Single Lane Roads

# Total No. of Commercial Vehicles in both Directions

Two-lane Single Carriageway Roads

# 75% of total No. of Commercial Vehicles in both Directions
Four-lane Single Carriageway Roads

# 40% of the total No. of Commercial Vehicles in both Directions
Dual Carriageway Roads

» 75% of the No. of Commercial Vehicles in each Direction



Computation of Traffic for Use of Pavement Thickness Design Chart

365 xA[(1+4r)n = 1]
1 e L xDxF
r
N = Cumulative No. of standard axles to be catered for the design in terms of
msa
D = Lane distribution factor
A = Initial traffic, in the year of completion of construction, in terms of number of
commercial vehicles per day
F = Vehicle Damage Factor
n = Design life in years
r = Annual growth rate of commercial vehicles



CBR Testing Machine

% Definition:
It is the ratio of force per unit area required to penetrate a soil mass with standard
circular piston at the rate of 1.25 mm/min. to that required for the corresponding

penetration of a standard material.




CBR

Basis of Design chart:

= A material with a given CBR value requires certain thickness of pavement
Chart developed for traffic wheel loads:

* Light Traffic - 3175 kg

= Heavy traffic — 5443 kg

= Medium traffic - 4082 kg

Permissible Variation in CBR Value

CER (%)A Maximum Variation in
CBR Value
5 1
5-10 i 2
11-30 | + 3

31 and above + 4



Flexible Pavement Design Chart (IRC) (for CSA< 10 msa)

900f
CBR 2%

80

CBR 3%

\
\

70

\
|
\

CBR

60

}

A

50

=
47 TBR 10%

N
NN

30

N\

200 5 § 4 7 B 9

[
D&clgnsrrafﬂc.msa
Pavement Thickness Design Chart for Traffic 1-10 msa



Flexible Pavement Layers (IRC) (CSA< 10 msa)

PAVEMENT DESIGN CATALOGUE RECOMMENDED DESIGNS FOR TRAFFIC
RANGE 1 - 10 msa

CBR 6%
Total PAVEMENT COMPOSITION
Cumulative| Pavement | Bituminous Surfacing Granular

Traffic | Thickness | Weating Binder Granular Sub - Base
(msa) (mm) | Course (mm) | Course (mm)| Base (mm) (mm)

1 390 20 PC - 225 165

2 450 20 PC 50 BM 225 175

3 490 20 PC 50 BM 250 190

6 535 25 SDBC 50 DBM 250 210

10 615 40 BC 65 DBM 250 260




Thickness & Composition {(mm)

Flexible Pavement Layers (IRC) (CSA< 10 msa)

700

6001

400~

200

;

TN

CBR 6%

2

5

AN
A\

#.

GSB

GB
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TRAFFIC (msa)

NN

BM §
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Total Thickness of Pvement, mm

Flexible Pavement Design Chart (IRC)

1000[ CBR 2%
900 ——f—t—"— —CBR
< e CBR 4% |
- ’/’—__—+—
= CBR 5%
/ / C;% %
600 / 7-"___:"7'____‘::—
= et
e
500
W% 30 50 Raing S e 100 150

Pavement Thickness Design Chart for Traffic 10-150 msa



Flexible Pavement Layers (IRC)

PAVEMENT DESIGN CATALOGUE
RECOMMENDED DESIGNS FOR TRAFFIC RANGE 10-150 msa

CBR 6%
PAVEMENT COMPOSITION
Cumulative. Total o fa
Traffic Payement Bituminous Surfacing Grantior Base
(msa) z’:‘u%ness ” DEM & Sub-base
(mm) (mm) (mm)

10 615 40 65

20 640 40 90

30 655 40 105 Base = 250

50 675 40 125

100 700 50 140 Sub-base = 260

150 720 50 160




Flexible Pavement Layers (IRC)
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Sub - Base

Material = Natural Sand, Moorum, Gravel, Laterite, Kankar, Brick Metal, Crushed
Stone, Crushed Slag, Crushed Concrete

GSB - Close Graded / Coarse Graded

Parameters - Gradation, LL, PI, CBR

Stability and Drainage Requirements

Base Course

Unbound Granular Bases - WBM / WMM or any other Granular Construction

Min. Thickness - 225 mm - < 2 msa

Min. Thickness - 250 mm - > 2 msa
WBM - Min. 300 mm ( 4 layers = 75mm each)



Sub - Base

Min. CBR 20 % - Traffic up~to 2 msa

Min. CBR 30 %- Traffic > 2 msa

If GSB is Costly, Adopt WBM, WMM

Should Extend for the FULL Width of the Formation

Min. Thickness - 150 mm - <10 msa

Min. Thickness = 200 mm - >10 msa

Min. CBR - 2 %

If CBR < 2% - Pavement Thickness for 2 % CBR + Capping layer of 150 mm with
Min. CBR 10% (in addition to the Sub-Base)

In case of Stage Construction - Thickness of GSB for Full Design Life



Bituminous Surfacing

Wearing Course - Open Graded PMC, MSS, SDBC, BC

Binder Course - BM, DBM

BM- Low Binder, More Voids, Reduced Stiffness

Provide 75 mm BM Before Laying DBM

Reduce Thickness of DBM Layer, when BM is Provided ( 10 mm BM = 7 mm DBM)
Choice of Wearing Course - Design Traffic, Type of Base / Binder Course, Rainfall
etc



BASE/
BINDER

WBM, WMM,
CRM, BUSG

BM

DBM

Choice of Wearing Course

WEARING COURSE ARF
PMC+5C (B) L and M
PMC + SC (A) L,M,H

MSS LM, H
SDBC LM, H
PMC (A)
MSS
BC 25 mm L,M,H
BC 40 mm

BC 50 mm

TRAFFIC

< 10

<10

=5<10
>10
=100



Design Considerations






Introduction

* Rigid pavements are so named because the pavement structure deflects very little
under loading due to the high modulus of elasticity of their surface course

* Arigid pavement structure is typically composed of a PCC surface course built on
top of either
(1) the subgrade or
(2) an underlying base course

 Because of its relative rigidity, the pavement structure distributes loads over a
wide area with only one, or at most two, structural layers



Basic Structural Elements

» A typical rigid pavement structure consists of the surface course and the
underlying base and subbase courses (if used)

* The surface course (made of PCC) is the stiffest and provides the majority of
strength

* The underlying layers are orders of magnitude less stiff but still make important
contributions to pavement strength as well as drainage and frost protection

Subbase Course (Optional)
Subgrade (Existing soil)



Surface Course

The surface course is the layer in contact with traffic loads and is made of PCC

It provides characteristics such as friction, smoothness, noise control and drainage
In addition, it serves as a waterproofing layer to the underlying base, subbase and
subgrade

The surface course can vary in thickness but is usually between 150 mm (for light
loading) and 300 mm (for heavy loads and high traffic)

Rigid Pavement

Subgrade




Base Course

* The base course is immediately beneath the surface course

* [t provides

» Additional load distribution,

» Contributes to drainage and frost resistance,
» Uniform support to the pavement and

» A stable platform for construction equipment




Modulus of Subgrade Reaction

» Westergaard considered the rigid pavement slab as a thin elastic plate resting on
soil sub-grade, which is assumed as a dense liquid.

» The upward reaction is assumed to be proportional to the deflection

» Based on this assumption, Westergaard defined a modulus of sub-grade reaction K
in kg/cm? given by K = p/A where A is the displacement level taken as 0.125 cm
and p is the pressure sustained by the rigid plate of 75 cm diameter at a deflection
of 0.125 cm




Relative Stiffness of Slab to Sub - Grade

= A certain degree of resistance to slab deflection is offered by the sub - grade

* The sub - grade deformation is same as the slab deflection

* Hence the slab deflection is direct measurement of the magnitude of the sub -
grade pressure

» This pressure deformation characteristics of rigid pavement lead Westergaard to
the define the term radius of relative stiffness | in cm is given by the equation

4 Eh’
12K(1- 1)

where E is the modulus of elasticity of cement concrete in kg/cm?
m is the Poisson's ratio of concrete (0.15), h is the slab thickness in cm and



Critical Load Positions

The intensity of maximum stress induced by the application of a given traffic load
is dependent on the location of the load on the pavement surface

There are three typical locations namely the interior, edge and corner, where
differing conditions of slab continuity exist

These locations are termed as critical load positions

Tension at Bottom Tension at Bottom

----------------J




Equivalent Radius of Resisting Section

= Westergaard's gives a relation for equivalent radius of the resisting section in cm in
the equation

b_{\hGa +h -0.675 h if a<|.724h

otherwise

where a is the radius of the wheel load distribution in cm and h is the slab thickness

in cm.



Westergaard’s Stress Equation

= Westergaard developed relationships for the stress at interior, edge and corner
regions, denoted as o,; o,; o, in kg/cm? respectively and given by the equation

0316 P| (1
= ~ 4' ¥ -— | l069
al h_ | os’lol\b) ]
0572 P| (1
- 2 _4 logw\;J + 0.359]
3 a2 b
0 === 1 =|—
A / |

where h is the slab thickness in ¢cm, P is the wheel load in kg, a is the radius of the
wheel load distribution in cm, | the radius of the relative stiffness in cm and b is the
radius of the resisting section in cm.



Temperature Stresses

Daily Variation

s ™
Resulting in temperature

gradient across the thickness
of the slab

Seasonal Variation

\ J

~ Y

Warping Stresses

Resulting in overall
change in the slab
temperature

Frictional Stresses




Warping Stresses

* The warping stress at the interior, edge and corner regions, denoted as ,; 6,.; 6.
in kg/cm? respectively and given by the equation

__Eel[(l+ﬂf.)

g = .
(| ‘, l-l‘.

(CFethkl]

g, = Max

Eet
3(] ;1)

where E is the modulus of elasticity of concrete in kg/cm? (3 x 102), € is the thermal
coefficient of concrete per °C (1 x 107) t is the temperature difference between the
top and bottom of the slab, C, and C, are the coefficient based on L,/I in the desired
direction and L /I right angle to the desired direction, m is the Poisson's ration (0.15),
a is the radius of the contact area and | is the radius of the relative stiffness.



Frictional Stresses

» The frictional stress o; in kg/cm? is given by the equation

-
I 2x10°*

where W is the unit weight of concrete in kg/cm? (2400), f is the coefficient of sub
grade friction (1.5) and L is the length of the slab in meters



Combination of Stresses

The cumulative effect of the different stress give rise to the following thee critical
cases:

* The critical stress is for edge
Summar, Mid Day region given by
Ocritical = Oa F Ope = O¢

* The critical combination of stress
Winter, Mid Day is for the edge region given by
Ocritical = Oe + O + O

* The critical combination of stress
is for the corner region given by

Ocritical = O¢ + Oyc




Design of Joints




Design of Joints

Top View

Transverse Joint
Side View

Base / Subbase



Introduction

= Joints in cement concrete pavements are provided in order to reduce temperature
stresses

* Transverse joints in cement concrete pavements are constructed using Dowel bars
and longitudinal joints with suitable Tie bars

Top View

Transverse Joint

Side View




Design of Joints in Cement Concrete Pavements

Various types of joints provided in cement concrete pavements to reduce
temperature stresses are

Contraction




Expansion Joints

* The purpose of the expansion joint is to allow the expansion of the pavement due
to rise in temperature with respect to construction temperature
* The design consideration are:
+ Provided along the longitudinal direction,
+ Design involves finding the joint spacing for a given expansion joint thickness
(say 2.5 cm specified by IRC) subjected to some maximum spacing (say 140
as per IRC)



Spacing of Expansion Joints

* The gap in Expansion joint depends upon the length of Slab

» Greater the distance between the expansion joints,the greater is the width
required of the gap for expansion

» If § is the maximum expansion in a slab of length L, with a temperature rise from

T.toT
1 ‘ 6'=LcC(T2—Tl)
where,
C = The thermal Expansion of concrete per degree rise in temperature

* The joint filler may be assumed to be compressed upto 50 percent of its thickness
and therefore, the expansion joint gap should be twice the allowable expansion in
concrete, i.e.,248".

* From the relation given above, if & is half the joint width, the spacing of expansion
joint L_, is given by equation 5

Lc‘—‘
100C (T2-Th)




Contraction Joints

* The purpose of the contraction joint is to allow the contraction of the slab due to
fall in slab temperature below the construction temperature. The design
considerations are:

* The movement is restricted by the sub-grade friction

* Design involves the length of the slab given by:

2x10*Sc
Le= _
where, W'f
S. = The allowable stress in tension in cement concrete and is taken as 0.8
kg/cm?,

W = The unit weight of the concrete which can be taken as 2400 kg/cm? and
f = The coefficient of sub-grade friction which can be taken as 1.5

Steel reinforcements can be used, however with a maximum spacing of 4.5 m as
per IRC.



Spacing of Construction Joints

» The slab contracts due to the fall in slab temperature below the construction
temperature

» This movement is resisted by the subgrade drag or friction between the bottom
fibre of the slab and the subgrade
» When reinforcement is provided it is assumed that the reinforcement takes the

entire tensile force in the slab, caused by the frictional resistance of subgrade and
hair cracks are allowed, then

I. h where,
Webs—:s « f =58+ 4, A =T : :
7100 . = Total area of steel, cm? across the slab width
L. = Spacing between contraction joints, m
7.2 20045 4 b = Slab width, m
bshs W« f h = Slab thickness, cm

W = Unit weight of cement concrete, kg/m?



Bradbury’s Analysis

Bradbury's analysis gives load transfer capacity of single dowel bar in shear,
bending and bearing as follows:

Pi=0.785+d" « I\

2 - d3 . F/ 0% Load Transfer
e
.d O =
I:b"‘ L2 - d c w
Pi= d o I e
where, 12.5+(La + ]55)

100% Load Transler

P = The load transfer capacity of a single dowel bar in shear s, bending f and
bearing b,

d = The diameter of the bar in cm,

L, = The length of the embedment of dowel bar in cm,

8’ = The joint width in cm, F, F, F, are the permissible stress in shear, bending
and bearing for the dowel bar in kg/cm?



Design Procedure

Step 1:- Find the length of the dowel bar embedded in slab L,
Step 2:- Find the load transfer capacities P, P, and P, of single dowel bar with
the L,

Step-3:- Assume load capacity of dowel bar is 40 percent wheel load, find the
load capacity factor f as

{0.417 04P 0.4P}
max , ;
P, P f Py



Design Procedure

Step 4:- Spacing of the dowel bars

» Effective distance upto which effective load transfer take place is
given by 1.8*|, where | is the radius of relative stiffness

» Assume a linear variation of capacity factor of 1.0 under load to 0
at 1.8%|

» Assume dowel spacing and find the capacity factor of the above
spacing

» Actual capacity factor should be greater than the required capacity
factor

» If not, do one more iteration with new spacing



Effect of Tie Bars

« Tie bars are used across the longitudinal joints of cement concrete

pavements.
s
e Tie bars ensure two adjacent slabs to remain ﬁI'F“I"IW together.
4
= In contrast to dowel bars, tie bars are not load transfer devices, but
serve as a means to tie two slabs. )
<
* Hence tie bars must be deformed or hooked and must be firmly
anchored into the concrete to function properly. y
i
= They are smaller than dowel bars and placed at large intervals.
<

L € € £ £ € &

= They are provided across longitudinal joints.




Diameter & Spacing

= The diameter and the spacing is first found out by equating the total sub-grade
friction to the total tensile stress for a unit length (one meter).
= Hence the area of steel per one meter in cm? is given by:

As*;gs =b* h
100

W f

y =boh~Wtf

Gitiare 100+ 8.
A. = Area of steel per metre length of joint, cm?
b = Distance between the joint and nearest free edge, m
h = Thickness of pavement, cm

f = Coefficient of friction between pavement and subgrade
W = Unit weight of cement concrete, kg/m3

S. = Allowable working stress in tension for steel, kg/cm?



Length of Tie Bars

* Length of the tie bar is twice the length needed to develop bond stress equal to the

working tensile stress and is given by
L

a!‘Ss =—sPs Sb
2

2 s (s s Ss
Li=""20
P»Ss
Substituting a, = n d?/4 and P = nd,
d * Ss
Li=
2 * S‘b

Hence total length of tie bar

2‘aS‘S'S_d‘SS
PeSso 248

Li=



Length of Tie Bars

where,
L/2 = Length of tie bar on one side of slab, cm or half length of tie bar
S. = Allowable stress in tension, kg/cm?
S, = Allowable bond stress in concrete, kg/cm? (taken as 24.6 kg/cm? for
deformed bars and 17.5 kg/cm? in plain tie bars)
a. = Cross sectional area of one tie bar, cm?
P = Perimeter of tie bar, cm
d = Diameter of tie bar, cm






























