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Abstract— A bridge is a structure that provides passage over
an obstacle without closing the way beneath. The required
passage may be for a road, a railway, pedestrians, a canal or
a pipeline. The obstacle to be crossed may be a river, a road,
railway or a valley. For bridges of span larger than 12-15m
and heavier loading, RCC construction is usually adopted.
In case of RCC T-Beam bridge, for slab decks, the slab
spans in two directions, since it is supported on longitudinal
girders and cross beams at regular intervals. Hence the slab
is designed as two way slab for various IRC Class Loadings.
The deck slab is designed for IRC Class 70R wheeled
vehicle and Longitudinal girders and cross beams are
designed for two lanes of IRC Class A loading. Elastomeric
Pad Bearing is provided as expansion bearing. Counter fort
retaining wall is provided as abutment which is suitably
checked for its stability. Piers of required height have been
provided and checked for stability. For foundation pile
foundation is adopted. Kerbs, footpath, and handrails are
provided as per IRC 6:2000.
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I. INTRODUCTION

The importance of transportation for the prosperity of any
country cannot be over emphasized and its realization by the
planning commission of the country is reflected in the
increased allocation of funds for transportation in the
nation’s 5-years plan. A major portion of the expenditure on
roads and railways will be on construction of the major and
minor bridges, also on urban traffic structures like grade
separated intersections. It is therefore, evident that we have
a heavy bridge building programs ahead of us. The obstacle
to be crossed may be river, a road, railway or a valley.
Bridge contributes to the economical, industrial, social and
cultural development of any region. Bridges can be
constructed using stone masonry, reinforced concrete and
steel. Reinforced concrete was preferred to steel as a
suitable material for short and medium span bridges mainly
due to the added advantage of durability against aggressive
environmental conditions in comparison with steel.
Reinforced concrete bridges with different types of decks
have been widely used for both road and railway bridges.
For medium spans in the range of 10-20 m, T-beam and
deck slab is widely used. Continuous bridge decks with
longitudinal girders of varying depth are found to be more
economical in the span range of 20 to 40 m. A bridge is an
important element in a transportation system, as its capacity
governs the capacity of the system, its failure or defective
performance will result in serious disruption of traffic flow
and also the cost per km of bridge structure is many times
that for the road or rail track on either side of the bridge. It is
prudent, therefore, to devote special attention in design to
ensure adequate strength and durability, consistent with
safety and cost.

A. Minimum Width of Carriage Way

The minimum clear widths of carriage way to be adopted for
various types of traffic are as below.

Single lane bridge : 4.25 m

Two lane bridge :7.50 m

Multi Lane Bridge: 7.50 m plus 3.5m for every
additional lane over two lanes.

B. KERBS

It is desirable to provide a kerb of 600 x 225 mm on either
side of the roadway on the bridge.

C. Footpath

Since the majority of road users in our country are
pedestrians and since pedestrians form the major single
category of victims in accidents, it is advised to provide
footpath on either side of the bridge on all bridges, in the
interest of traffic. The width may be a minimum of 1.5 m on
bridges in rural areas and may be increases suitably in urban
areas.

TRAFFIC ASPECTS OF HIGHWAY BRIDGE

D. Parapets and Handrails

Parapets are provided for culverts with a minimum height of
450 mm above road surface. Railings should be for a height
of 1.1 m less one half of the horizontal width of the top rail.

E. Approach Slab

Approaches are usually provided at both the ends of the
bridge. As per IRC specifications, the approaches should
have a minimum straight length of 15m on either side of the
bridge. In case of heavy embankments, the slope should be
provided so that the visibility of the vehicles approaching
from the opposite side is not affected. Preferably the
approaches should be in line with the longitudinal center
line of the bridge and in no case they should be curved at
entrance and exit of the bridge structure.

A. Concept of T-Beam Bridge

The T-Beam bridge is by far the most commonly adopted
type in the span range of 10m to 25m. The structure is so
named because the main longitudinal girders are designed as
T-beams integral with part of the deck slab, which is cast
monolithically with the girders. T-beam bridges are usually
cast-in-situ on fase work resting on ground.

B. Deck Slab

If the deck slab is spanning in one direction, the bending
moments for dead load may be computed as in a continuous
slab, continuous over the longitudinal girders. For
concentrated loads, the bending moment per unit width of

T- BEAM BRIDGES
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slab may be computed using the effective width formula
given in clause 305.16.2 of IRC 21:2000 for each
concentrated load.

The maximum bending moment caused by a wheel
load for slab spanning in one direction may be assumed to
be resisted by an effective width of slab measured parallel to
the supporting edges.

This effective width of a single concentrated load is
computed as Be=kx(1-x/L)+b

K for K for
L/ simply K_for L/ simply K_for
continuou continuou
L supporte s slab L supporte s slab
d slab d slab
0.1 0.40 0.40 1.1 2.60 2.28
0.2 0.80 0.80 1.2 2.64 2.36
0.3 1.16 1.16 1.3 2.72 2.40
0.4 1.48 1.44 1.4 2.80 2.48
0.5 1.72 1.68 15 2.84 2.48
0.6 1.96 1.84 1.6 2.88 2.52
0.7 212 1.96 1.7 2.92 2.52
0.8 2.24 2.08 1.8 2.96 2.60
0.9 2.36 2.16 1.9 3.00 2.60
1.0 2.48 2.24 2.0 3.00 2.60

Table 1: Values of K in Above Equation
When the slab is supported on four sides, the deck
slab may be designed as a two way slab using Pigeaud’s
theory. In order to allow for continuity, the values of
maximum. positive moments are multiplied by a factor of
0.8.
Let L and B be the span lengths in the long and
short span directions.
a and b be the dimensions of the tyre contact area
in the long and short span directions.
u and v be the dimensions of the load spread after
allowing for dispersion.
K is the ratio of shorter span to long span.
M; and M are the moments along the short and
long spans.
m; and m; be the coefficients for moments along
short and long span from pigeaud’s curves.
u be the value of poisson’s ratio, generally taken as
0.15 for reinforced concrete.
P be the load from the wheel under consideration,
then
Mi=(ml+pmp) P and M2= (my+ pmj) P

C. Antilever Portion

The cantilever portion usually carries the kerb, handrails,
footpath if provided and a part of the carriage way. The
critical section for bending moment is the vertical section at
the junction of the cantilever portion and the end
longitudinal girder. For the computation of bending moment
due to live load, the effective width for cantilever is assessed
from the formula given in clause 305.16.2 IRC 21:2000.

D. Longitudinal Girders

The purpose of providing longitudinal girders is to carry the
loads acting on deck slab effectively and transfer them to
foundation through piers. For the computation of bending
moment due to live load, the distribution of the live loads
between longitudinal has to be determined. When there are
only two longitudinal girders, the reactions on the

longitudinal can be found by assuming the supports of the

deck slab as unyielding. With three or more longitudinal

girders, the load distribution is estimated using any one of

the rational methods. Three of these are as below.

1) Courbon’s method.

2) Hendry-jaegar method.Morice and Little version of
Guyon and Massonnet method.

E. Cross Beams

The purpose of the cross beams is to stiffen the longitudinal
girders and to provide a stiff superstructure, an approximate
design is usually adequate. Dead load BM is computed
considering a trapezoidal distribution of the weight of deck
slab and wearing course, besides including the self weight.
The cross beam is considered continuous over two spans.
Similarly, shears may also be computed.

F. Expansion Bearings

Bearings are provided in bridges to transmit the load from
the superstructure to the substructure in such a manner that
the bearing stresses induced in the substructure are within
permissible limits. They should also accommodate certain
relative movements between the superstructure and the
substructure.

G. Elastomeric Pad Bearin

An elastomeric bearing accommodates both rotation and
translation through deformation of the elastomer. These
bearings are easy to install, low in first cost and require
practically no maintenance. They do not freeze, corrode or
deteriorate. Barring an earthquake, the only probable causes
for failure of an elastomeric bearing are inferior materials,
incorrect design or improper installation. Elastomeric
bearings can tolerate loads and movements exceeding the
design values. Cost of approaches is reduced when
compared to other bearings. Replacement can be achieved
easily.
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H. Piers

Piers are structures located at the ends of bridge spans at
intermediate points between the abutments. The function of
the pier is to transfer the vertical loads to the foundation and
to resist all horizontal forces and transverse forces acting on
the bridge.

b U
Fig. 3: Piers
The loads and forces to be considered in the design of piers
are as below.

— Dead load from superstructure and the pier itself.

— Live load of traffic passing over the bridge.

—  Impact effect for the top 3m of the pier only.

— Buoyancy of submerged part of substructure.

— Effect of wind on moving loads and on the
superstructure and Forces due to water current.
Longitudinal forces due to tractive effort of
vehicles.

— Longitudinal forces due to braking of vehicles.

—  Seismic effects.

— Forces due to collision by barges for piers in
navigable waters.

. Abutments

An abutment is the substructure which supports one
terminus of the superstructure of a bridge and at the same
time laterally supports the embankment which serves as an
approach to the bridge. Bridge abutment can be made of
masonry, plain concrete or reinforced concrete.
Forces to be considered in abutment design are:

— Dead load due to superstructure.

— Live load on the superstructure.

—  Self weight of the abutment.

— Longitudinal forces due to tractive effort and
braking due to temperature variation and concrete
shrinkage.

— Thrust on the abutment due to retained earth and
effect of live loads on the fill at the rear of the
abutment.

Live Load at rear
7T of abutment
—

3

Dead «
Live Load
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Earth
Pressures

Fig. 4: Abutments

J. Pile Foundation

The design of foundations is an important part of the overall
design for a bridge and affects to a considerable extent the
aesthetics, the safety and the economy of the bridge. The
foundation should be taken to a depth which is safe from
scour and is adequate from considerations of bearing
capacity, settlement stability and suitability of strata at the
founding level.

Pile foundation may be considered appropriate for bridges in

the following situations,

—  When the founding strata underlies deep standing
water and soft soil.

—  When the foundation level is more than 30m below
the water level, so that pneumatic sinking of wells
is difficult.

—  When suitable founding strata is available below a
deep layer of soft soil
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Fig. 5: Pile Foundations

IVV. REPORT ON THE GEOTECHNICAL INVESTIGATION FOR
THE PROPOSED CONSTRUCTION OF BRIDGE

The objective of the geotechnical investigation is to evaluate
the following,
—  To ascertain the subsoil strata.
— Torecord the ground water level, if any.
— To determine the index and engineering properties
of soil samples.
— To evaluate the allowable bearing capacity of soil.
— To recommend improvements to the weak soil, if
any.

A. Determination Of Natural Moisture Content

Aim of the test:_To sight a few, natural moisture content is
used in determining the bearing capacity and settlement.

SL Determination no. 1 2
1 Weight of can, W1 () 12 12
2 | Weight of can + wet soil W5 (g) 22 21

3 | Weight of can + dry soil W3 (g) | 20.7 19.7

Water/Moisture content
W) = W wa)ws wayy | 149% | 168%
Table 2:

B. Safe Bearing Capasity Of Soil

To Deremination of safe bearing capacity of soil. By using
steel ball. The table given below shows the presumptive
bearing capacity values for different types of soil.

Type of soil / Safe / Allowable bearing capacity in
Rock (Kg/em?)
Rock 32.42-4.40
Soft Rock 4.40
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Coarse sand 2.45

Medium sand 4.40

Fine sand 1.00

Soft shell/Stiff 1.00
clay

Soft clay 0.50

Very soft clay <0.50

Table 3: Safe / Allowable bearing capacity
1) Observations
1) Dimensions of excavated pit =2mx1.5mx2m
2) Weight of steel = 5Kg
3) Diameter of steel = 11.5cm
4) Area of steel ball = 415.47cm?
2) Calculation
Calculate the ultimate resistance of soil (R) using the
formula given bellow. R= (wxh)/d
R= Ultimate resistance of soil (in Kg), d= Average
depth of impression (in Kg), w= Weight of the solid ball or
square cube (in Kg), h= height of fall of solid ball or cube
(in Kg), A= Area of solid ball (nd2) or square cube(LxB) (in
cm?) Safe bearing capacity (in Kg/cm?) =R/ (AxF.0.S)
Where, F.O.S= Factor of safety (Take 2)

3) Theory

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. The California Bearing
Ratio Test (CBR Test) is a penetration test developed by
California State Highway Department (U.S.A)) for
evaluating the bearing capacity of sub grade soil.

Tests are carried out on natural or compacted soils
in water soaked or un-soaked conditions and the results so
obtained are compared with the curves of standard test to
have an idea of the soil strength of the sub grade soil.

4) Preparation Sample
The test may be performed
1) On undisturbed soil specimen
2) On remoulded soil specimen
The standard values for standard crushed stones are given
below.

S Heigh Average | Ultimate | S.B.C
L' tof | Impressio | impressio | resistanc | of soil
N fall n“d” n e in

o In In (cm) “d” Of soil | (kg/cm?

(cm) In (cm) (kg/cm) )

1 350 2.0 2.1 833.3 1.00

2 350 2.2

3 400 2.4 2.6 769.23 | 0.92

4 400 2.8

Table 4:

3) Result

Hence from the table the type of soil is fine sand.

C. California Bearing Ratio Test (Cbr)

1) AIM
To determine the CBR value of the given soil sample.
2) Apparatus
1) Loading machine.
2) Cylindrical mould and collar.
3) Compaction rammer and weighing balance.
4) Spacer disc with handle.
5) Dial gauge and surcharge weight.

Fig. 6: CBR testing machine

PENETRATION STANDARD UNIT STANDARD
IN MM LOAD LOAD
IN KG IN KG/CM?2
2.5 1370 70
5.0 2055 105
7.5 2630 134
10.0 3180 162
Table 5:
CBR VALUE | SUBGRADE STRENGTH
3% or less Poor
3% - 5% Normal
5% - 15% Good

Table 6: Typical Presumptive CBR Values

D. Specifications

— The loading machine is a compression machine which
operates at the rate of 1.25mm/minute.

—  The cylindrical mould has 150mm diameter and 175mm
height and a detachable perforated base.

—  The collar has 150mm diameter and 50mm height.

— The compaction rammer has 2.6kg weight and fall of
310mm.

— The spacer disc has 140mm diameter and 47.7mm
thickness.

— The annular weight has 5kg and slotted weight has
2.5kg.

E. Procedure

— Take 5kg of clean and dry soil and add the water equal
to given moisture content.

— Grease all the internal parts of the base, cylindrical
mould, collar and spacer disc. Keep the spacer disc on
base so that its hole is at bottom. Then fix the
cylindrical mould and collar to the stand.

—  Put the soil sample into the cylindrical mould in three
layers compacting each layer by 56 times with the light
compacting rammer.

— Remove the collar, cut off excess soil above the level of
cylindrical mould with a sharp cutting edge.

— Reverse the mould, take out the spacer disc. To
simulate the field condition of the over lying pavement,
keep the annular weights of 5kg as surcharge weight at
the top of the sample. Then soak the specimen in water
for 4 days or 96 hours.
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— The mould containing the specimen with the base plate
in position but the top face exposed is placed on the
lower plate of the testing machine.

— Surcharge weights, sufficient to produce an intensity of
loading equal to the weight of the base material and
pavement is placed on the specimen.

— To prevent upheaval of soil into the hole of the
surcharge weights, 2.5 kg annular weight is placed on
the soil surface prior to seating the penetration plunger
after which the remainder of the surcharge weight is
placed.

—  The plunger is to be seated under a load of 4 kg so that
full contact is established between the surface of the
specimen and the plunger.

— The stress and strain gauges are then set to zero. Load is
applied to the penetration plunger so that the
penetration is approximately 1.25 mm per minute.

— Readings of the load are taken at penetrations of 0.0,
0.5,1.0,15,2.0,25,4.0,5.0,7.5, 10.0 and 12.5 mm.

—  The plunger is then raised and the mould detached from
the loading equipment

F. Calculations

1) Load-Penetration Curve

The load penetration curve is plotted taking penetration
value on x-axis and Load values on Y-axis. Corresponding
to the penetration value at which the CBR is desired,
corrected load value is taken from the load-penetration
curve and the CBR calculated as follows

California bearing ratio = (P1/Ps)*100

Where

P+ = Corrected unit (or total) test load corresponding to the
chosen penetration curve, and

Ps= Unit (or total) standard load for the same depth of
penetration as for Ps taken from standard code.

2) Report

The CBR values are usually calculated for penetration of 2.5
mm and 5 mm. The CBR value is reported correct to the
first decimal place.

Result: - CBR value of soil at right abutment = 6.98%
Result: - CBR value of soil at left abutment = 7.27%

V. OBJECTIVES FOR NEW BRIDGE

1) Existing bridge is old.

2) Existing bridge submerges during flood with water
level 2-3 m above road formation. Thus disconnects
road link between two places.

3) Condition of expansion joints in existing bridge is poor.
4) Width of carriage way is 3.75 m for existing bridge;
therefore ease movement of vehicle is not possible.

5) Footpaths are not provided on the existing bridge,
therefore pedestrians have to walk on carriage way.
This disturbs the traffic.

VI. CONCLUSIONS

The designed bridge performs better and efficient compared

to existing bridge, because of following reasons.

1) RCC T-beam deck slab bridge is designed with 3
longitudinal girders and 2 cross beams.

2) Two lanes of 7.5 m carriage way width is provided for
easy movement of the vehicle.

3)
4)

5)

6)

(1]
(2]
(3]
[4]

(5]

[6]
[7]

(8]

Deck slab is designed for Class 70 R loading.
Longitudinal girders are designed for live load moment
produced by Class A loading.

Concrete piers and pile foundation are analyzed and
designed as per IRC codes.

Elastomeric pad bearing is adopted.

Abutment: Counter fort retaining wall to support earth
at both ends of bridge.
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