TRIBHUVAN UNIVERSITY

Institute of Engineering
Thapathali Engineering Campus

Department of Civil Engineering

Kathmandu, Nepal

A FINAL YEAR PROJECT REPORT ON
“DESIGN OF RCC T-GIRDER BRIDGE”

PROJECT MEMBER

Rojib Bhattarai (THA07SBCE097)
Roshan Khadka (THA075BCE100)
Safal Subedi (THA075BCE103)
Sagar K. Budhathoki (THA075BCE104)
Sajjan Sharma (THA075BCE107)
Sujita Shakya (THA075BCE127)

A MAJOR PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE FOR THE
DEGREE OF BACHELOR’S IN CIVIL ENGINEERING

PROJECT SUPERVISOR SUBMITTED TO
Er.Biswa Kumar Balla DEPARTMENT OF CIVILENGINEERING
Thapathali Campus IOE



—'—r

TRIBHUVAN UNIVERSITY

Institute of Engineering

Thapathali Engineering Campus

Department of Civil Engineering

Kathmandu, } Nepal

Certificate |

This is to certify that the final year project entitled “DESIGN OF RCC T-
GIRDER BRIDGE, CHEHERE, SINDUPALCHOWK?” was submitted by the
students to the DEPARTMENT OF CIVIL ENGINEERING in partial
fulfillment of requirement for the degree of Bachelor of Engineering in Civil

Engineering. The project was carried out under special supervision and within the

time frame prescribed by the syllabus.

Er. Biswa Kumar Balla

Project Supervisor

Head of Department

.. t, ,M
£t. External Examiner T - :
Canpis -rOE/ i
br Rajam_Suwsl, Pulehote CANPE, }
Er. Indra Narayan Yadav Jo ‘
|

Department of Civil Engincering l

Thapathali Campus




LETTER O APPROVAL
I in o certify thin (s project work entitled *DESIGN OF RCCT-GIRDER
IWIRIDGE, CHETERE, NINDUPALCHOK™ wan submitted by Rojib Bhattarai
(THADTERCENVT), Raoslnn KhindlnTHAOTSBCE100), Sufal
SUbedCPHADTSICEI03), Sngne K, Bhwdnthokl (PHAOTSBCE104), Sajjan
Hlmrmn (PHAOTSRCII07) and Sujitn Shakyn (THAO7SBCEI27) has been
exumined and 1 his beon: dechred suceensful for fulfillment of the academic
requitementn towards  (he completion of the  Bachelor's Depree in Civil

lnplneering,

(W

ol L, Bswa Kumar Balla

Project Supervisor

__.jm\ﬁi'l
=)

Lixternal Examiner

Nesoctele Dot D 'fzqu'q

......................

Lir, Indrn Narayan Yoday Af
Hend of Department :Q/

Department of Civil Engineering

Suwa| .

April, 2023

i




COPYRIGHT

The author has agreed that library, Department of Civil Engineering Thapathali
.Campus, Institute of Engincering may make this report freely available for
inspection. Moreover, the author has agreed that permission for extensive copying
of this report for scholarly purpose may be granted by the professor(s) who
supervised the work recorded herein or, in the absence, by the Head of
Department wherein the report was done. It is understood that the recognition will
be given to the author of this report and to the Department of Civil Engineering,
Thapathali Campus, Institute of engineering in any use of the material of this
report. Copying or publication or the other use of this report for financial gain
without approval of the Department of Civil Engineering, Thapathali Campus,

Institute of Engincering author’s written permission is prohibited.

Request for the permission to copy or to make any other use of the material in this

report in whole or in part should be addressed to:

HOD: Er. Indra Narayan Yadav
Department of Civil Engineering
Thapathali Campus, Institute of Engineering

Kathmandu, Nepal

|
i
{
|




TRIBHUVAN UNIVERSITY
Institute of Engineering
Thapathali Engineering Campus
DEPARTMENT OF CIVIL ENGINEERING

CERTIFICATE

This is to certify that the work contained in this report entitled “Design of RCC
T-Girder Bridge Over Sunkoshi River, Chehere, Sindupalchok” in partial
fulfillment of the requirements for the Bachelor’s degree in Civil Engineering, as
a record of research work has been carried out by Rojib Bhattarai
(THA075BCE097), Roshan Khadka (THA075BCE100), Safal Subedi
(THA075BCE103), Sagar K. Bhudathoki (THA07SBCE104), Sajjan Sharma
(THA07SBCE107) and Sujita Shakya (THA075BCE127) under my supervision
and guidance in the institute of Engineering, Thapathali Campus, Kathmandu,

Nepal. The work embodied in this report has been submitted elsewhere for degree.

T —

Prof. Er. Biswa Kumar Balla
Thapathali Campus

DEPARTMENT OF CIVIL
ENGINEERING



ACKNOWLEDGEMENT

We wish to acknowledge the help received from various individuals and
institution during the preparation of this report, without whom project wouldn’t

have been possible.

We would like to thank our project supervisor Er.Biswa Kumar Balla, resource
person for this project for guiding, directing and helping to complete this project
work. We would also like to present our gratitude to LOCAL ROAD AND
BRIDGE SUPPORT UNIT (LRBSU) for technical and financial support to
complete the bridge project of Sunkoshi River Bridge.

Our profound gratitude goes to them for getting available all the times despite
their esteemed time whenever required to solve problem occurred during the

project work.

We extend our gratitude to Civil Engineering Department and Administration of
IOE Thapathali Campus for supporting us morally and financially respectively to

prepare this report.

In a nutshell, we would like to acknowledge all individuals who have directly or
indirectly helped us during our project work for the successful completion of this

project.



ACKNOWLEDGEMENT

We would like to express our sincere gratitude and heartfelt thanks to everyone
who has contributed to the successful completion of our final year bridge project.
Our project would not have been possible without the joint efforts, dedication and

hard work of the entire team.

First and foremost, we express our gratitude to our project supervisor, Er. Biswa
Kumar Balla, for their valuable guidance, insightful feedbacks, and continuous
support throughout the project. We would also like thank LOCAL ROAD AND
BRIDGE SUPPORT UNIT (LRBSU) for technical and financial support to
complete this project. Their expertise and dedication played crucial role in shaping

the direction of the project and refining the research methodology.

We would also like to extend our thanks to the faculty members of the Civil
Engineering Department and Administration of IOE Thapathali Campus for their
intellectual input, constructive criticism, and encouragement that helped us to

develop our skills and knowledge in the field.

We would like to acknowledge the contribution of our teammates who have been
an integral part of the project. Each member has played significant role in the

completion of the project, from the conceptualization stage to the final phase.

We express our deepest appreciation for the support extended by our families and
friends who have encouraged us through the ups and downs for the project

journey.

Finally, we would like to acknowledge all individuals who have directly or
indirectly helped us during our project work for the successful completion of this

project.

Thank you all!



Salient Features

Particulars
Title of the Project

Required
Information/Range/Values
Design of RCC T-Girder Bridge

Province Bagmati
District Sindhupalchowk
Village Chehere

Name of Road
Geographical Location
Longitude

Araniko Highway

85°43'54.36" E

Latitude

27°4023.30" N

Classification of Road

District Road

Type of the road surface

Earthen Road

Terrain/Geology
Information on the structure

Hill

Total length of the bridge 90 m

No. of Span 3 spans

Span length 30m

Total width of the bridge 11 m

No. of lanes Two lanes
Width of Carriageway 7.5m

Width of footpaths with 1.75m
railing

No. of longitudinal girder 3

No. of cross girder 4

Type of structure Simply Supported
Type of superstructure RCC T-Girder

Type of bearings Elastomeric Pad Bearing
Type of Abutments RCC (Gravity type) abutment
Type of Pier Circular

Type of Foundation
Design data
Live load

Pile foundation

IRC Class 70R, IRC Class A

Design discharge

2913.89 m3/s

Linear waterway(Provided)

90 m

Catchment Area

3189 km?




Scour depth

i) Pier 7.62m
ii)  Abutment 4.84m
Concrete grade M30

Reinforcement

Fe500 (TMT steel)
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1. Introduction

1.1 Background

An important element of land transportation system is the bridge. A bridge is a
structure that carries a service (which may be highway or railway traffic, a
footpath, public utilities, etc.) over an obstacle (which may be another road or
railway, a river, a valley, etc.), and then transfers the loads from the service to
the foundations at ground level. To integrate the various aspects of the civil
engineering learned throughout the undergraduate curriculum, it is mandatory to
complete a real-world project work in final year of course. The six membered
team of authors of this report have chosen the bridge design project for the

fulfilment of degree to boost all the knowledge area.

This report is the final deliverable of the project containing site selection based
on geotechnical data, planning of bridge, selection of type of bridge, hydrological
and hydraulic design of bridge, structural analysis and design of each
component and preparation of working drawings. The report has been organized
as per standard format of department of civil engineering. This report is also
prepared as a part of project work for the fulfilment of the Project-II as per the
syllabus of Bachelor of Civil Engineering fourth year second part. So, for our

project purpose, we have designed RCC T-girder Bridge.

This project is under jurisdiction of Department of Local Infrastructure and
consulted by Local Roads Bridge Support Unit (LRBSU). This project has been
completed with the financial and technical support from LRBSU. The financing
agency covered all the expense incurred during completion of this project work.
The geotechnical investigation report, topographical survey report, hydrological
and geotechnical guidelines has been acquired through LRBSU. The topographical
data were verified by limited site survey and all other data were used as

provided.

In this project, we were assigned to design a bridge over Sunkoshi river which
provides a link between Chehere village right of the river with Rithe Village left

to the river in Sindhupalchowk district of Province-3. This bridge connects Rithe



village and Sapping municipality with Araniko Highway. We are supposed to
design the most economical bridge for this section based on the various data

provided by LRBSU.

1.2 Title of Project Work

The key output of this project is the design of bridge and its working drawing. All of
the bridge components have been designed and verified using the limit state design
method, as well as the working drawing and details of the bridge across Sunkoshi River,
Sindhupalchowk is included in this report. Therefore, this project is entitled as “Design
of RCC T-girder Bridge .

1.2 Location Of Project
Sunkoshi River at Chehere, Sindhupalchowk district, Nepal

Google Location of Proposed Bridge [ g8 & LegzEnd

at Chehere Sindhupalchowk Nepal “  Chehere Bus Stand
unkoshi Bridge at Cheheref :
ju Sunkashi Brid Cheh 27°40'23 30"N, B5°43'64 36'E

%
Sunkeshi Bridge at/Chen

Google Earth ) \ }
e s b L 100 m




1.3 Objectives

General Objectives

The general objective of the study is to cover the analysis as well as to design the
technically feasible and economically justifiable RCC T-girder Bridge for the
partial fulfillment of the requirements for the Bachelor degree of civil engineering

program.

Specific objectives
The specific objectives of the study are:
= To select bridge site based on topographical, hydrological, and
geotechnical data
= To select suitable bridge type and span arrangement
* To plan, analyze, design and detail each component of bridge
* To prepare working drawing of all components of bridge
» To prepare quantity estimate of various item of work
* To recommend any river training works or other site related works

(their design is not considered)

1.4 Scope of the study

Understanding the architectural drawing and familiarity with it with respect to
laws and codes

Calculation of dead load, imposed load on structure

Computation and analysis of hydrological and topographical data

Preliminary design of individual member of structure

Computation of internal stresses and design of the members

Structural drawing and detailing of individual members



2. Methodology

In order to fulfill the above mentioned objectives, the following processes and

methodology were adopted:

Acquisition of ; ;
q o el i \ 1. Site selection
dta survey

2.Data collection

1. Estimation from

Hydrological flood marks
calculation 2.Design

Discharge
Load calculation
Preliminary Model Analysis
design and Design
Report
AR Final detailing
FLOW CHART



2.1 Acquisition of Data

2.1.1. Primary Data Collection

Primary data collection includes collecting data about local needs and bridge
requirements that involves observation and interviewing local people. It also
includes measurement and arrangement of span of bridge, bridge alignment and
estimating the depth of the foundation.

2.1.2.Secondary Data Collection

a) Desk Study:

Desk study is the study of all scope of the topic of our project which includes
literature review, past report review, study of design codes, topographic
study, catchment area calculation, study of road and river characteristics and

data provided by LRBSU.

b) Hydrological Analysis:
Hydrological analysis includes collecting, analyzing and calculating
hydrological data provided by LRBSU or Department of Hydrology and
Meteorology. It includes the calculation of following parameters:

i. Maximum discharge

ii. Design discharge

iii. Linear waterway

iv. Scour depth

v. High flood level

¢) Geotechnical Study:
Geotechnical investigation works includes the exploratory drilling, in-situ
field testing SPT / DCPT test, borehole logging, and collection of samples
and perform necessary tests on soil samples for detail information. All the
investigation data was provided by LRBSU. This study also includes
selection of type of foundation and analyzing depth of foundation as well

as different types of soil parameters.



2.2. Data Analysis
After the selection of the proposed bridge site with alternatives and preparation of
topographic maps, the Preliminary Design Report is prepared including feasibility

report. After that, detail design of all structural components are done.

2.3. Span Arrangement

3 spans each of length 30 m

2.4. Loading

The Loading is considered according to clause IRC 6:2020 Table 6A : Live load
Combination.

IRC CLASS 70R Tracked and Wheel Loading

This loading is to be normally adopted on all roads on which permanent bridge
and culvert are constructed. Bridge design for 70R loading should also be checked
for class A loading as under certain condition, heavier stresses may occur under
Class A loading.

IRC Class A Loading

This loading is normally considered on all in which dominant bridges and culverts
are constructed. One train of class A loading is considered in each lane.

2.4 Codes Uses for Design
a) IRC 6: 2020 (For Load Combination and calculation for Super and Sub
Structure)
b) IRC 112:2020 ( For Design )
¢) IRC 83 :2018 part II (For Design of Elastomeric Bearing)
d) IRC 5:2015 (For Bridge Specification)
e) Nepal Bridge Standard (For Design Purpose)
f) IRC 21 STANDARD SPECIFICATIONS (For Bridge Specification)



3 Preliminary design

For the span of 30m a RCC T-girder bridge with 3 spans shall be provided. The
abutment shall be provided for depth beyond maximum scour level and adequate

vertical clearance of HFL shall be made available underneath the decks.

Bridge Information

a) Carriageway: 7.5m

b) Total length of Bridge: 91.25m

c¢) Span length: 30m

d) Number of spans: 3

e) Width of Footpath with railing: 1.75m
f) Type of Structure: Simply Supported

g) Type of Super structure: RCC

h) Type of Bearing: Elastomeric Bearing
1) Type of Abutment: RCC (Gravity Type)

j) Type of Foundation: Pile Foundation

Preliminary Design of Super-structure

Main girder
a) Beam and Slab

For bridges having beam and slab type of super-structure the number of
longitudinal shall not be less than three, except for single-lane bridges and
pedestrian bridges.

If only two main girders are provided, the depth of the slab to be provided should
be more, which is uneconomical. So, 3longitudinal girders are provided.

= Provide number of girder = 3

b) Depth of main girder= span/(12 to 15)
=30000/(12 to 15)
=2300mm

c) c/c spacing

Distance between center of the main shall be sufficient to resist overturning or
over



stressing due to lateral forces and loading conditions. Otherwise, special
provisions

must be made to prevent this. This distance shall not be less than L/20 of the span.
L/20 of span=1.125m

width of deck — 2 * width of cantilver
n—1

c
. spacing of longitudinal girder =

_ 11-2%225
2
=325m

=~ Provide c/c spacing 3.25 m

d) Fillet size = 150x100mm (general practice)
¢) Thickness of web = shall not be less than 250mm
=~ Provide thickness of web =300mm

f)Bottom bulb width =700mm

Deck slab
a) Width of deck=11000mm with 7500 mm carriageway and 1750mm for footpath

b) Thickness of deck slab:
The minimum thickness of the deck slab including that at the tip of the cantilever

shall be 200 mm. However, reduction in the thickness of the slab up to a
maximum

of 50 mm may be permitted at the cantilever tip subject to satisfactory detailing.

-~ Provide thickness of deck slab = 220mm to 230mm
¢) Thickness of deck slab at end of cantilever =150mm

d) Wearing course:
i. Asphalt concrete for wearing coat of bridge.

ii. Thickness of wearing course = 50mm at edges and 150mm at center



Cross Girder

From IRC 2021, clause no.305.3

a) width of cross girder =400mm
b) Depth of cross girder = Z3 of main girder
=1725mm

c) Depth of end cross girder =Same as intermediate girder

=~ Provide Number of cross girders =2 end girders with 2 intermediate girders
@10m and 20m each from end girder

e) ¢/c spacing = 10m

Railing
From IRC 5-2015, clause 109.7.2.3

a) Height of railing=shall have minimum of 1.1m height above the adjacent
roadway

~Provide Railing of Height =1.1m

b) Height of Kerb=225mm

¢) Cross section of post=200mmx200mm concrete post
d) No. of posts = 16(@ 2m c/c spacing on each side

e) 3x50mm nominal bore heavy steel pipe @6.19 kg/m, thickness of 4.5mm and
sectional area of 7.88cm? (IS code 116:1998 Table 1)



4. Hydrological Analysis

4.1. Introduction

Bridges are very expensive structures, millions are being spent for the
construction, but most of them do not last longer therefore a proper hydrological
and hydraulic detail investigation is required for the proper design and
construction of bridges. There is need of hydrological analysis before start of
bridge construction. The result obtained from the analysis and keeping in view of
suitable free board value, the construction of bridges has to be fixed. The river
flood accompanied by some storms are one of the major causes for the bridge
failure. Most of the people directly depend on the river basins for their livelihood,
including hydropower, domestic supply, irrigation etc. so, flood profile
information collected from hydrological analysis help in preventing above
mentioned lives and infrastructures. The country, Nepal is located in Asia, in the
lap of Himalayans. The fast flowing river with higher catchment area, increases
the risk of flooding.

4.2. Study Area

The proposed bridge is to be constructed over Sunkoshi River in Chehere,
Sindhupalchowk district of Bagmati province. The proposed bridge connects
Arinako highway with Sapping municipality. The project area consists of
different topography like rocky mountain, high hills, snow cover area etc. and
different vegetation based on the data collected from GIS software.

A. Catchment Area:

fig:- Catchment Area (3189 sqg.km)

The catchment Area of the proposed bridge outlet is 3189 sq.km.
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B. Stream network:

Legend
Streamt_network
<all other values>
grid_code

—

2
—3
—

-—

fig:- Stream Network

C. River Length:

Statistics of lo

Fied

fig:- Longest River Path

The longest path measured from the GIS

software is 137.54km .
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fig:-Land Cover Area

E. Catchment area division: -

4.3. Calculation of design discharge

D. Land cover area:-

The snow cover Area is 270.71 km. sq.

Legend

I =vove 2000
I veiow 3000

fig:-Catchment Area Division

1.Ryves method

According to the area of catchment and amount of rainfall, design discharge is
given by:

Qp = CR X A2/3

Where,

Here,

Qp = maximum flood discharge(m?/s)

Cr = Ryves coefficient ( 10.2 for Nepal )

A = Area of catchment in sq. km

A =3189 sq. km

12




s+ Qp=10.2x 318923
= 2209.89 m’/s.

2.Fuller’s method

Fuller’s formula is derived from catchments in USA are a typical empirical
method which is given by :

Q=CrxA%3(1 + 0.8logio T)
Where,
Q = maximum discharge
Cr= a constant which varies from 0.18 to 1.88
T = Return period in years
A = Catchment Area in sq. km
We have,
A=3189 sq. km
Cr=1.45 for Nepal
Then
Q =1.45 x 3189%%(1+0.8log10(100))
=2394.77 m’/s.

3. WECS method

In Nepalese context, Water and Energy Commission Secretariat (WECS) has
developed empirical relationships for analyzing flood of different frequencies.
According to WECS, the flood flows in any river of catchment area below 3000m
of elevation is given by:

Q =14.63 x (Aszpoo+1)%7342
Where,
Q = Maximum discharge in m?/s
A3000 = Catchment area below 3000m elevation = 934.42 sq.km
Then,
Q =14.63 x (934.42 + 1)07342
=2221.0409 m3/s

13



4.DHM 2004
The formula for 100 years return period is given by
Q =20.7 (A3000)*7
Where,

Q is the design flood in m3/s .

Ajo00 1s the basin area in sq km below 3000 m elevation.
Then,

Q =20.7 (934.42)"72
= 2849.44 m®/s

5 . MODIFIED DICKENS METHOD

In this method, the T year flood discharge Q:, in m3/sec, is determined by:

Design discharge: Q;=Cpx A¥*
Where,
Cp = Dicken’s constant
=2.342x10g10(0.6 T) x logio (1185/P) + 4
T= return period in years = 100

(As + 6)

P=100—--—=
(A + As)

A = Catchment area in sq. km

As=Area of snow-covered catchment in sq. km

Here,
A =3189 sq. km
As=270.71 sq. km
(As+6) (270.71 +6)
P=100——=<= =
(A + As) (3189 + 270.71)
1185

Cp=2.342xlogi0 (0.6T) xlog (—-) + 4
= 2.342xlog (0.6100) xlog (%) + 4

=13.02

14



Qt — CD X A3/4

=13.02 x 318934
=5505.41 m3/s

6.Gumbels & Method
Year | Thokark sangha Gumthung | Dolal ghat Avg
chowk

1983 92 75 104 88 89.75
1984 92.5 54 144 60.6 87.775
1985 85 73 164.4 62.5 96.225
1986 60.7 78.4 96.3 70 76.35
1987 105 95 105.6 100.1 101.425
1988 90 75.2 98.3 57.4 80.225
1989 82.5 67.5 60.2 49.5 64.925
1990 82 62.4 126.4 74.2 86.25
1991 79 80 65 60.1 71.025
1992 79 26.2 100.4 63.5 67.275
1993 82 58.2 119.6 44.2 76
1994 82 82 157.6 72.1 98.425
1995 83 63.5 96.2 51.5 73.55
1996 64 66.8 87.3 63.1 70.3
1997 96 88.7 123 77.9 96.4
1998 82 56.2 95 57.8 72.75
1999 84 80.6 80 97.1 85.425
2000 66 115 92 67.2 85.05
2001 115 116 65 78.5 93.625
2002 72 104 50 112.6 84.65
2003 85 108.6 55 61 77.4
2004 140 77.8 65.5 90.5 93.45
2005 61 124 60.2 149.5 98.675
2006 75 64.4 65.2 59 65.9
2007 29.5 90.6 55.4 66 60.375
2008 0 100.4 55.4 75 57.7
2009 80 84 60.4 66 72.6
2010 80 99 55.2 60.3 73.625
2011 120 64.4 57.4 108 87.45
2014 100.5 66.4 35.4 56.3 64.65
2015 96.5 92 110.4 52.5 87.85
2016 72.2 66.6 350.2 47.3 134.075
2017 46.4 60 354 57.6 49.85
2018 52.2 141 157.4 55.5 101.525
2019 56.4 97 42.5 105.5 75.35
2020 52.2 63 48.5 54.5 54.55
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Y X
Mean(u ) = = 80.90

¥ — )2
Standard Deviation(o) = % = 16.455
From Gumbels Table,

Yn=10.5402

Sh=1.128

And we have,

Y: = -Ln(Inx(T/(t-1))

For the return period, T= 100 years

Y:=4.60

And K¢= (Y- Yn)/Sn

Therefore Kioo= 3.59

Therefore, Xioo0= U + Ki900
=140.10 mm

L=Length of the stream in Km=137.54

H=Difference in elevation of remotest point of the basin and outlet in metres.
=5389-671
=4718m
S=Slope of the stream = H/L
=0.0343
Tc=0.019478L0-77S-0:385
=645.458 min
=10.758 hrs

2
24 \T.

= 9.96 mm/hrs
Now,

_CIA
Q= 360

16



Where [= Rainfall Intensity
C= Coefficient of runoff = 0.330
A=Catchment area

Q=Flow Discharge

__0.330%9.96%3189.23

= 2913.89 m?/sec.
3.6

Q

7. Slope Area Method

The area velocity method based on hydraulic characteristics of the stream is
probably the most reliable among the methods of determining the flood discharge.
The velocity obtaining in the stream under the flood condition is calculated using
manning’s formula.

The discharge is given by Manning’s formula is used here. The discharge and
velocity are given by equation:

Vle 23g1/2
n

And Q=-AR>3S?

Here
V=Velocity
Q=Discharge
S=Bed Slope
R =Hydraulic Radius
=A/P
n=manning’s coefficient = ((dso) * (1/6))/21.1
=0.30375) ~ (1/6)/21.1
=0.039
From Topo map,
Slope = 0.002500
The wetted area and wetted perimeter are obtained from the cross section of the
stream at site drawn to scale with the floods levels marks therein.

From Historical Mark of High flood Level in field, From LRBSU we get the HFL
as 614.14 m.

Cross section of River:
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635 k835

625 k625

s HFL (4s Par Hydrology) L s

605

k605

595 a o S i L ss5

EXISTING g2 H g 88 8 BRI 3 B8R 8 BRE 8%
LEVEL (m) 82 8 3§ 8 g % EET T EEE B B g g B g8 & 8898 83
camcE) || 52 8 5 B B § EE3G38% 8§ § I
&3 & & & & & 3& &8 & && & & & & & & &3 & & &8 & &
CHAINAGE - 0+000.00 - 0+144.06
Stage (m) | A(m?) P (m) R (m) Q (m?/s) Remarks
614.14 588.98 93.74 6.28 2571.125 HFL

4.4. Selection of Design Flood

Considering the life period of a bridge structure, probable risk of highest flood
and overall investment on the construction of a bridge, generally 50 year of return
period is adopted for minor bridges whereas 100 years of return period is
considered for major bridge as design flood for detailed engineering design.

Hence here 100 years return period is adopted as design flood.

Rational (Gumbel) Method

2913.89 m’/sec

Design discharge

S No Method Discharge

1 Ryve’s Formula 2209.89 m*/sec
2 Fuller Method 2394.77 m*/sec
3 WECS Method 2221.04 m*/sec
4 DHM 2004 Method 2849.44 m’*/sec
5 Modified Dicken Method 5505.41 m’/sec
6

7

Slope Area Method

2571.125 m*/sec
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Omitting the odd discharge and selecting the maximum discharge amongst the

discharges obtained from the above-mentioned methods as design discharge, we

get,

Design discharge = 2913.89 m?/sec

4.5. Rating Curve and HFL

From CAD analysis, the corresponding discharge at particular stage is calculated

as follow using Manning’s Formula.

Stage Area Perimeter Hydraulic | Velocity | Discharge
(m) (m?) (m) radius(m) m/s) (m3/s)
615.00 | 666.84 96.46 6.91 4.65 3102.57
614.90 | 658.03 96.17 6.84 4.62 3040.67
614.80 | 649.54 95.85 6.78 4.59 2982.09
614.70 | 640.49 95.53 6.70 4.56 2919.62
614.60 | 631.03 95.21 6.63 4.52 2854.52
614.50 | 622.50 94.89 6.56 4.49 2796.73
614.40 | 613.53 94.57 6.49 4.46 2736.07
614.30 | 604.59 94.25 6.41 4.43 2676.03
614.20 | 595.25 93.92 6.34 4.39 2613.46
614.14 | 588.99 93.74 6.28 4.37 2571.13
614.10 | 586.80 93.60 6.27 4.36 2557.75
614.00 | 577.94 93.28 6.20 4.32 2499.43
613.90 | 569.10 92.96 6.12 4.29 2441.61
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613.80 | 560.28 92.64 6.05 4.26 2384.43
613.70 | 549.64 92.21 5.96 4.21 2316.70
613.60 | 542.74 92.00 5.90 4.19 2271.83
613.50 | 534.01 91.68 5.82 4.15 2216.39
613.40 | 525.30 91.35 5.75 4.11 2161.52
613.30 | 516.60 91.03 5.67 4.08 2107.18
613.20 | 507.96 90.71 5.60 4.04 2053.55
613.10 | 499.32 90.39 5.52 4.01 2000.41
613.00 | 490.71 90.07 5.45 3.97 1947.88
Rating curve

615.50

615.00

614.50

E

2, 614.00

§

wn

613.50

613.00

612.50

1900.00

2100.00 2300.00 2500.00 2700.00
Discharge (m?/sec)

Fig: - Rating curve

2900.00 3100.00

HFL corresponding to design discharge 2913.89 m?/s is 614.69 m.

4.6. Linear Waterway

According to Kellerhals, mean channel width is given by

B=3.26Q"° for gravel bed channels

=17597m
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Where, B= mean channel length required for given discharge

Q= Design discharge

According to Lacey’s formula, mean channel width is given by:

B=4.75Q" for alluvium channels
=256.40m
where,

B=mean channel length required for given discharge
Q= Design discharge

[According to IRC 5:2015, Clause 10.6.5.1.1], the linear waterway for the natural
channel bed with rigid non erodible banks shall be taken as the width of channel

at HFL in which design discharge can be passed.

¢ Therefore, as per site condition, we adopt waterway = 90m.

4.7. Scour Depth

[According to IRC: 78-2014, clause 703.2]

Design discharge for foundation

For Catchment Area of 3000 km? increased discharge by 30 %

For Catchment Area of 1000 km? increased discharge by 20%
Therefore, For Catchment Area of 3189.239 km? increased by 29.73 %
So,

Q=3780.099 m?/s

2
Mean Depth of scour below HFL (dsm) = 1.34 *(%)1/ 3

Where
Dy = Design discharge in per unit width
Ksr = silt factor = 1.76,/d,

Calculation of Dy,

Dv= Q/w
=3780.08/90
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=42.000

Calculation of ksr

Ksr=1.76Ndm
Where din median size of bed material in mm.
For our site, from geotechnical report
dm =2 mm
Then ,
kst=2.49
~Dgm=1.34 (422/2.49)'3
=11.95m
Bed level from HFL = 9.6 m
Scour depth from bed(d) = 11.95-9.6
=2.35m
From IRC: 78-2014 clause no.703.3
Maximum scour depth
For piers
(Dsm)max =2 xd
=2*11.95 m=23.9
For abutment
(Dsm)max =1.27 x d
=1.27*11.95=15.17m
4.8. Afflux
Afflux is calculated according to IRC 5: 2015

It is the heading up of water over the flood level in the upstream side of a bridge

caused by the constriction of the waterway at the bridge.

If the water way is restricted, it will cause afflux at the bridge and design HFL

should be raised accordingly.

The afflux may be calculated by using Molesworth formula as given below: h =

[V2/17.88 +0.015] [(A/a)? —1] (IRC 5: 2015)
Where, h = the afflux (in meter)
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V = the mean velocity of flow in the river prior to bridge construction (m/s)
= Discharge / A
=4.947 m/s

A = Unobstructed sectional area of flow section in m?
=588.98 m?
a = Constricted area of the river at proposed site in m?

=536.43 m?

Hence, h =[4.947%/17.88 +0.015] [(588.98/536.43)% —1]
=0.22m
Final HFL from bed level= RL of HFL+ Afflux

=614.47 m+0.22 m
=614.69 m

4.9. FREE BOARD

In case of bridges over water bodies, the free board from the design HFL with
afflux to the lowest point of bridge superstructure shall not be less than 1.0 m. The

minimum freeboard shall be as shown on the following table.

Table: Free Board

Discharge m®/s | Minimum Free board, mm

Less than 200 1000

201-500 1200
501-2000 1500
2001-5000 2000

5000 and above | more than 2000 (depending on the reliability of the
available data for the calculation of discharge)

The design discharge is 2913.89 m3/sec. So, the corresponding freeboard
is 2000 mm.
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S.Detail Design of superstructure

5.1. Design of cantilever slab

5.1.1. Dead load Bending moment

Table: Calculation of dead load bending moment for cantilever slab:

Bending
S.N| Description Formula FOS (kli%ad) A Lo?d) Moment
(calculation) m rm (kNm/m)
1 Handrail
(a) Post (25><].1><()_2><()_ 1.35 0.792 1.95 1.544
2x16)/30
(b) Rail Post (4 x6.19 x 1.35 0.328 1.95 0.639
9.81)/1000
2 Footpath/Kerb 25%0.225x1 | 1.35 13.289 1.225 16.279
75
3 Wearing Coat 22x0.05x%0. 1.75 0.674 0.175 0.118
35
Slab
4 (Rectangular part) 25%x0.17x2. | 1.35 12.049 1.05 12.651
1
5 (Tri Slalb ) 0.5%x2.1x0.1 | 1.35 5.316 0.7 3.721
riangular pa 5595
Total 32.447 34.953
77J*L 0.200
A%Kﬁ @0.050
O
1.100
O
O

0225 —

0.150 j

2.100

0.320

LT

Axle load of 114KN of class A
|— loading spread over 0.2m

(T
50mm thick wearing coat
i P 9
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5.1.2. Live load bending Moment:

Since, this bridge has 7.5m of carriageway, as per IRC-6 we have to apply 70R
load or 2-lane class A load. For 70R load, clearance between end of kerb and
loaded wheel, it must be minimum of 1.2m. But in our case, clearance is only
0.6m from end of cantilever, we only apply class A load whose minimum
clearance is 0.15m.

Average thickness (D) = (150+320)/2 = 235 mm
Thickness of wearing coat (h) = 50 mm
Contact length of wheel load for class A = 500 mm
Dispersed length = 500+2x(50+235) = 1070 mm
Effective width of dispersion be is computed using,
befr = (1.2a+b1))<1/3
where, besr = effective width of slab
a = distance of the CG of the concentrated load from the face of cantilever support
=0.485/2=0.2425m

b1 = breadth of concentrated area of load

=w+2h

=0.25+2%0.05

=0.35
befr = 1.2x0.2425+0.35 = 0.641m
1/3=2.1/3=0.7m > 0.641. so, adopt beff = 0.641 m

Impact factor = 50% ( IRC 6:208.2)

Live load per unit width including impact = (114/2x485/1070%1.5)/0.641
= 60.445 kNm

Maximum bending moment due to live load = 60.445x0.485/2x1.5
=21.987 kNm

5.1.3. Bending moment due to pedestrian load
Loading = 400kg/m? = 4kN/m?

Bending moment = 4x1.5%(0.35+1.5/2)x1.5
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=9.9kNm
Total dead load bending moment = 34.953 kNm
Total design bending moment = 34.953 + 21.987 + 9.9
= 66.840 kNm

5.1.4. Design of section

M
0.36 x0.48 * (1 — 0.42 % 0.48) * fck * b

Effective depth required = \/

~ 66.840
~ 036 % 0.48 = (1 — 0.42 = 0.48) = 30 = 1000

= 129.135 mm
Clear cover = 40 mm
Diameter of steel bars = 16 mm

Effective depth provided = 320 — 40 — 16/2 = 272 mm > dreq (ok)

5.1.5. Calculation of main reinforcement

fy Ast

M=0.87*fy*Ast*<d—;Ckz
66.84 % 103 * 103 = 0.87 * 500 * A *(272 SOO*A“)
' e st 30 * 1000

Solving, we get,
Ast (required) = 585.946 mm?
Agt (minimum) = 0.12% of bD = 0.12/100 x 1000 x 235
=282 mm? < Ay (required)

Provide 16 mm dia bars
Then, Ao == x 162 =201.062 mm?
Spacing (required) = (201.062x1000)/585.946 =343.141 mm
Provide spacing of 200 mm.
Then,

A, provided = (201.062x1000)/200 = 1005.31 mm? > Agireq (0k)

Hence, provide 16 mm ¢ bars at 200 mm c/c spacing.

26



5.1.6. Calculation for Transverse Reinforcement

Effective depth provided =320 —40 — 16 — 10/2 =259 mm
Bending Moment in the transverse direction(M;) = 0.2BMpr + 0.3BMpL
=10.2x34.953+0.3%x(21.987+9.9)

=16.557 kNm
Calculation of Reinforcement
fy Ase
M= 0.87*fy*A5t*<d—};k—Z
16.557 * 103 * 103 = 0.87 * 500 * A, * (259 —M>
' o st 30 * 1000

Solving, we get,
Ayt (required) = 148.377 mm?
Ag (minimum) = 0.12% of bD = 0.12/100 x 1000 x 235
=282 mm? > Astreq (0K) s0, provide minimum reinforcement

Provide 10 mm dia bars
Then, Ao == x 10? = 78.54 mm’
Spacing (required) = (78.54x1000)/282 =278.51 mm
Provide spacing of 200 mm.
Then,

A, provided = (78.54%1000)/200 = 392.7 mm? > A req (0k)

Hence, provide 10 mm ¢ bars at 200 mm c/c spacing.

5.1.7. Check For Shear
From Irc 112 10.3.2

Design Shear Force(Vep)= Total DL + Live Load = 32.447 + 60.447=92.892 kN
K=1+ /ﬂ =1+ /ﬂ =1.85 < 2
d 272
VrD.c=[0.12xKx(80xp' xfck)*334+0.156¢p] X Anet

1005.31
272x1000

0.33
Therefore, Vgpc = [0.12 +1.85 + (80 « x 30) ] %1000 * 272

=124.091 kN > Vgp

27



Nep =0
Op =0

Hence Vigc > 92.892 kN so we provide minimum shear reinforcement.

5.1.8. Check For Crack Width
Bending moment for crack width check =40.54 kNm

To calculate neutral axis depth,
b *x? = kAg * (d — x)
1000xx% = 6.45 x(272 — x)
Solving we get, x=53.26

We know,
g_ - ¢, may be calculated from:
L I A f”—(f(l + &epp_qﬂ') .
0.eff o
Esm ~Ecm = L .E\ =06 ?‘\F
As

PPeff = b x hees

Where heer is least of following,

i)  2.5(h-d) =2.5%(320-272) = 2.5x48 = 120
ii)  (h-x)/3 = (320-53.26)/3 = 88.91
iii)  h/2=32072=160

So, heer taken as 88.91.

_ 100531 o
Preff = 1000 +88.91
M 40.54 % 10° 1586
GSC = X = = .
(@-3)Aae (272 -222%) 100534

K = 0.5
Using above equation we get,

Eun-Eem= 1.84%10 <0.6x(0¢/ES)
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=4.758x10
Calculating Smax

N 0.425kqk, * ¢
Ppefr

Strmax) = 3.4c
=149.26
Therefore crack width can be calculated is,
Wik = St.max X(Esm — Esm)

=149.26%6.60x10

=0.18mm < 0.2 mm (ok)

5.2. Design of one-way slab panel

There are three longitudinal & four cross girders.
Wearing Coat=0.1 m

Carriageway width=7.5m

Web thickness of girder= 0.3 m

slab thickness=0.220 m

Size of slab along longer direction = 10m

Size of slab along shorter direction =3.25m

Size of panel is 10 m x 3.25m.
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5.2.1. Bending moment and shear force due to dead load

Dead load calculation for a slab

Length/breath= Size of slab along longer direction/ Size of slab along shoter
direction

=10/3.25 =3.076> 2 (one way slab)
Dead wt of slab= (0.22x1x1x25)= 5.5 kN/mm?
Factored Dead wt of slab = 5.5x1.35 = 7.425 kN/mm?
Dead wt. of wearing course = 0.1x1x1x25 = 2.2 kN/mm?
Factored Dead wt. of wearing course = 2.2x1.75 =3.85 kN/mm?
Total Dead load = 7.7 kN/mm?
Factored Total Dead load =11.275 kN/mm?

For 1 m span along (10 m) length of slab

wl?  11.275%3.252

— = 14.887 kNm
8 8

Factored Dead load BM =

Factored Dead load SF = W7’ - @ — 18322 kN

5.2.2. Live Load Calculation (IRC 6-2017)

5.2.2.1. IRC Class A Loading
For Bending moment due to live load

Wheel load(kN)= 57 kN

length of tire contact(W) = 0.5 m

c/c spacing of load(m)=1.2m (from code)
width of tire contact area(B) = 0.25 m

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat=0.25+2x0.1 = 0.45m

Distance of C.G. of concentrated load from the nearer support (a) = 328 =

3.
2

1.625m

From IRC 112-2020 Table 3.2 a = 2.6

Effective width of slab on which load acts (beff)

_ _ a
-axax (1 Size of slab along shoter direction) + bl
=26+ 1.625+ (1 - 22) +0.45

=2.5625m
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2.5625 2.5625

+1.2+

Effective width (ber) = — 2

= 3.7625m

Effective length(lerr) =0.5+2x(0.22+0.1)
=1.14m

114

———— = 26.578 kN/m?
1.14%3.7625

Intensity of load =

Maximun Bending Moment

_ (26.578*1.14*3.25) 26.578%1.14%1.14
4 8

=20.3 KNm/m

Continuity factor= 0.8

4.5 45
6+Siz of slab along shorter direction 6430

=0.125

Impact factor=

BM including CF and IF = Max. BM x Continuity factor x (1 + Impact factor)
=20.3 x 0.8 x (1 +0.125) = 18.270 kNm/m
For Shear Force due to live Load

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat =0.25+2x0.1= 0.45m

Distance of C.G. of concentrated load from the nearer support (a)

_ (Effective length of BM)
2

Effective width of slab on which load acts (beff)

=0.57m

a

:ocxax(l— )+ bl =1.67m

Size of slab along shoter direction
Effective width (m) = beff + c/c spacing of load =1.67 +1.2=2.87 m
Effective length =1.14 m

Intensity of load for shear force = 1%~ 34.84 kN/m?

2.87%1.14

34.84%(3.25-1.14/2)*1.14
3.25

Maximum shear force at support =

=32.751 kN
SF including CF and IF = Max. SF x (1 + Impact factor)
=32.751 x (1 + 0.125) = 36.844 kNm/m

5.2.2.2. IRC 70R wheel Loading
For Bending moment due to live load
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Wheel load(kN)= 85 kN

length of tire contact(W) = 0.86 m

c/c spacing of load(m)=1.370m (from code)
width of tire contact area(B) = 0.25 m

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat=0.25+2x0.1 = 0.45m

Distance of C.G. of concentrated load from the nearer support (a) = 3%5 =1.625m

From IRC 112-2020 Table 3.2 a = 2.6
Effective width of slab on which load acts (beff)

-axax (1 " Size of slab alon;shoter direction) + bl
=26+ 1.625+ (1-Z=) +0.45

=2.5625m

Effective width (ber) = 22 + 1.37 + 222 = 3.933m

Effective length(lerr) =0.86+2%(0.22+0.1)
=15m

170
1.5%3.933

Intensity of load = = 28.816 kN/m?

Maximun Bending Moment

_ (28.816*3.25*1.5) 28.816%1.5%1.5
4 8

=27.015 kNm/m
Continuity factor= 0.8

From clause 208.3 of irc 6 the impact factor for wheel load for span less than 9m
is given as 25%

BM including CF and IF = Max. BM x Continuity factor x (1 + Impact factor)
=27.015 x 0.8 x (1.25) = 27.018kNm/m
For Shear Force due to live Load

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat =0.25+2x0.1= 0.45m

Distance of C.G. of concentrated load from the nearer support (a)

_ (Effective length of BM)
2

=0.75m
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Effective width of slab on which load acts (beff)

a

= o* a*(l )+b1:1.95m

~ Size of slab along shoter direction
Effective width (m) = beff + c/c spacing of load =1.95 + 1.37=3.32m
Effective length =1.5 m

=170 _ 34136 kN/m?
3.32%1.5

Intensity of load for shear force

34.84%(3.25-1.5/2)*1.5
3.25

=39.388 kN

Maximum shear force at support =

SF including CF and IF = Max. SF x (1 + Impact factor)
=39.388 x (1.25) =49.235 kNm/m

5.2.2.3. IRC 70R track Loading
For Bending moment due to live load

Track load(kN)= 350 kN
length of tire contact(W) = 0.84 m
width of tire contact area(B) = 4.570 m

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat=4.570+2x0.1 =4.77m

Distance of C.G. of concentrated load from the nearer support (a) = 328

3.
2

1.625m

From IRC 112-2020 Table 3.2 a = 2.6

Effective width (beff)

=axax (1 — 2 + bl
( )

Size of slab along shoter direction

=2.6%1.625 * (1 _ %) +4.77

=6.883m
Effective length(lesr) =0.84+2x%(0.22+0.1)
=148 m

— 330 _ 34361 kN/m?

Intensity of load =
1.48+6.883

Maximun Bending Moment

_ (34.361*3.25*1.5) 34.361%1.5%1.5
4 8
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=31.911 kNm/m
Continuity factor= 0.8

From clause 208.3 of irc 6 the impact factor for wheel load for span less than 9m
is given as 25%

BM including CF and IF = Max. BM x Continuity factor x (1 + Impact factor)
=31.911 x 0.8 x (1.25) =31.911kNm/m
For Shear Force due to live Load

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat =0.25+2x0.1= 0.45m

Distance of C.G. of concentrated load from the nearer support (a)

_ (Effective length of BM)
2

=0.74m

Effective width of slab(beff)

a

= 1—
axax ( Size of slab along shoter direction

>+ bl = 6.255m

Effective length =1.48m

Intensity of load for shear force = %0~ 37.802 kN/m?

6.255%1.48

34.84%(3.25-1.48/2)%1.48
3.25

=43.208 kN

Maximum shear force at support =

SF including CF and IF = Max. SF x (1 + Impact factor)
=43.208 x (1.25) =54.010 kN

5.2.2.4. IRC 70R bogie Loading
For Bending moment due to live load

Wheel load(kN)= 100 kN

length of tire contact(W) = 0.86 m

c/c spacing of load(m)=1.2m ( from code)
width of tire contact area(B) = 0.25 m

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat=0.25+2x0.1 =0.45 m
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Distance of C.G. of concentrated load from the nearer support (a) = 3%5 =
1.625 m

From IRC 112-2020 Table 3.2 a = 2.6
Effective width (beff)

=0(xax(1— 2 )+ b1l

Size of slab along shoter direction

1.625

= 2.6 %1.625 * (1 - E) + 045

=2.563m
Effective length(lesr) =0.86+2%(0.22+0.1)
=15m

200
1.5%2.563

Intensity of load = = 35.250 kN/m?

35.25 % 3.25 * 1.5) 35.250*«1.5*1.5
4 - 8

=33.047 kNm/m

Maximum Bending moment = (

Continuity factor= 0.8

From clause 208.3 of irc 6 the impact factor for wheel load for span less than 9m
is given as 25%

BM including CF and IF = Max. BM x Continuity factor x (1 + Impact factor)
=33.047 x 0.8 x (1.25) = 33.047 kNm/m
For Shear Force due to live Load

Breadth of concentration area of load (b1) = width of tire contact area+2 x
Thickness of Wearing Coat =0.25+2x0.1= 0.45m

Distance of C.G. of concentrated load from the nearer support (a)

_ (Effective length of BM)
2

=0.75m

Effective width of slab(beff)

a

= o* a*(l )+b1:1.95m

"~ Size of slab along shoter direction
Effective width (m) = beff + c/c spacing of load =1.95+ 1.22=3.17m
Effective length =1.5m

Intensity of load for shear force % = 42.061 kN/m?
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42.061%(3.25—-1.5/2)*1.5
3.25

Maximum shear force at support =

=48.531 kN
SF including CF and IF = Max. SF x (1 + Impact factor)
=48.531% (1.25) = 60.665 kN

5.2.3. Maximum Bending Moment and Shear Force due to live load
Maximum Bending Moment = 33.047 kNm/m

Maximum Shear force =60.665 kN/m
Total Factored Maximum Bending Moment =33.047 x1.5 +14.887 = 64.458 kNm
Total Factored Maximum Shear force = 60.665 x1.5+18.322 =109.320 kN

Design of Section using LSM:
Calculation of Limiting Moment
. —_ Ecuz
Xiim _Scu2+£ydd [SP 105]
0.0035%172

= ————=106.079 mm
0.0035+0.0218

Compressive force (C) =1 X Fea X b X Xjim

_0.810x13.40 X 1000 X 106.079

1000
=1148.985 kN
CG from steel level (z) = d- B2 x Xiim =172 -0.416 x 106.079
=127.874 mm
Mu,iim = C x 2= 1148.985x -2 = 146.926 KNm

Since, My, 1im 1s less than factor bending moment assumed depth is satisfied.

5.2.4. Design of main reinforcement

Design Bending Moment, Mgq = 64.458 kNm

Using IRC: SP: 105-2015 Clause 6.2 (B)

To find the actual neutral axis depth corresponding to Mgq
MEd = B1 X fea X berr X Xu % (d — B2 % Xu)

This, by solving becomes,

__4d d 2_ MEgg4
Xo= o \/(zxﬁz) B1xB2Xbxfeq
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X, = 172 ( 172 )2 64.458x106
Y 2x0416 2x0.416 0.810x0.416X1000X13.40

Xy =38.076 mm

Area of tension reinforcement

Aa=7EL with 2= (d - B2 % Xu) = (172 0416 X 38.076) = 156.147 mm
yd
Ay = 2245810 _ 949 450mm?

434.783 X156.147

Provide 16 mm diameter bar.

Cross sectional area of each bar (A) = 201.062 mm?

bxA  1000%201.062

=211.767 mm?
Ast 949.450

Spacing required =

Provide 16mm dia bars @140 mm spacing = 1436.157 mm?

Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

A min = 0.26 ’;ﬂ bd but not less than 0.0013 bed

vk
Here, For M30
fom = 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26X% 52?50 x 1000%x172 but not less than 0.0013x1000x172
=223.6 mm? but not less than 226.6mm?

= 226.6mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

As, max= 0.025% [220x1000] = 5500 mm?

Ast, provided < As, max, OK

5.2.5. Design of Transverse reinforcement.

From clause 16.6.1(3) of IRC 112 2020

The distribution bar should be 20 percent of the main reinforcement which is,
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A transverse =0.2% A Provided
=0.2x1436.157 mm?
=287.234 mm’
Provide 10 mm diameter bars @ 200 mm c/c
Ay transverse provided=( 1000x78.53)/200
=392.65 > 287.234 (ok)

5.2.6. Design Of Shear Reinforcement
Design shear force, Vs =109.32 kN

Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]

The design shear resistance of the member without shear reinforcement Vrd.cis
given by:

Via.c = [0.12K(80p; f11)°*® + 0.150,, b, d

VRd.cmin = (vmin + 0-1500p)bwd

K =1+ I@ <2
e
- /ﬂ
=1+ 172

=2.078 <2
=2
Vinin = 0.031K32fck 2
=0.031x22x30!2
=0.480

Gep=0

pl = % = (0.0083 < (0.02 - Reinforcement ratio for longitudinal reinforcement)

= p1=0.0083
“~Vrae=[0.12X2x (80 x 0.0083 x 30)°33] x1000x 172
=111.010 kN

And, Vrdc=(Vmin+0.15c¢cp) Xbwd
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=(0.480+0.15x 0) x 1000x 172
=82.56 kN

Maximum of Vrd.c & VRde, min=111.010 kKN
VEed =The design shear force at a cross-section resulting from external loading
=109.32 kN

~Since VEd< VR4, shear reinforcement design is not required.

5.2.7. Check for crack width
Bending moment for crack width check =44.057kNm

To calculate neutral axis depth,
b * x? = kA * (d — x)
1000xx% = 6.45 (172 x)

Solving we get, x=47.94

We know,
e - € may be calculated from:
O —k 'Jr”":'ﬁ_( (1+epper) i
Esm ~Eem = ”'“1. 20,62

5 £y

Preff =5 hcef

Where heetr is least of following,

1) 2.5(h-d) = 2.5%(220-172) = 2.5x48 = 120
i) (h-x)/3 = (220-47.94)/3 =57.35
i)  h/2=220/2=110

So, heertaken as 57.35

1436.157

= = 0.025
Preff = 1000+ 57.35
M 44.57 108 (0801
Ogc = X = = .
(@-3)an (172 -2 1436157
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K;=0.5

Using above equation we get,

Egn-Eem= 7.04x10

Calculating Simax

0.425k.k, * ¢

Strmax) = 34 + ————
Ppess

=244.8

Therefore crack width can be calculated is,
Wi= Stmax X (Esm — Esm)
=244.8x7.04x104
=0.17mm < 0.2 mm (ok)

5.3. Analysis and Design of Longitudinal Girders

5.3.1. Calculation of Loads

Deck slab
e Railing

1. Post = (1.35x2x16x0.2x0.2x1.1x25)/30 = 1.584 kN/m
ii. Steel pipe = (1.35%4%2x6.19%9.81)/1000 = 0.656 kN/m

e Footpath = 1.35%2x1.75%0.225%25 = 26.578kN/m
o Wearing coat = 1.75x0.1x7.5x22 = 28.875 kN/m
e Slab
1. Cantilever portion = 1.35%2[0.15%2.1+(0.32-0.15)x0.5%2.1]x25 =
33.311kN/m
ii. Middle portion = 1.35%0.22x6.8%25 = 50.49kN/m
iii. Fillet = 1.35x4x0.5%0.1x0.15%25 = 1.013 kN/m

Total deck slab load on girder =
1.584+0.656+26.578+28.875+33.311+50.49+1.013

=142.507 kN/m
Load per girder = 142.507/3 = 47.502 kN/m

T Beam Rib
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Total depth of girder = 2300 mm

Slab thickness =220 mm

Depth of girder excluding slab thickness = 2300 — 220 = 2080 mm
Width of web =300 mm

Depth of web girder = 2080 — 250 = 1830 mm

Weight of bulb of girder = [(700%250) + (200x150)]x25 = 5.125 kN/m
Weight of web of girder = 1.83x0.3x25 = 13.725 kN/m

Total load per girder = 5.125 + 13.725 + 47.502 = 66.352 kN/m

Cross girder

Overall depth = % of depth of main girder = 1725 mm

Depth excluding slab = 1725 — 220 = 1505 mm

Width of cross girder = 300 mm

Weight of cross girder per m span = 1x0.3x1.505%25 = 11.288 kN/m
Weight of cross girder = 11.288x3.25%2 =73.369 kN/m

This load is also taken equally by three girders.

Point load of cross girder on longitudinal girder = 73.369/3 = 24.456 kN/m

24 45kN 24.45kN
66.352 kN/m

Ra=1019.74kN Rb=1019.74kN

B.M. at L/8
Mu = 1036.615%3.75-67.477x3.752x0.5
=3357.485 kNm

B.M. at quarter span (L/4) :
Mu = 1036.615%7.5-67.477x7.52x0.5
=5781.891 kNm

B.M. at 3L/8 :
Mu = 1036.615%11.5-67.477x11.52x0.5-24.456x1.25
=7234.52 kNm
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B.M. at mid span (L/2) :
Mu = 1036.615%15-67.477%x152x0.5-24.456x5
=7709.188 kNm

S.F. at support (L=0)
S.F.=1019.74 kN

S.F.atL/8:

SF=1019.74 - 66.352 x 3.75
=770.919 kN

S.F.atL/4:

SF=1019.74 - 66.352 x 7.5
=522.098 kN

S.F. at3L/8:

SF =1019.74 — 66.352 x 11.25 - 24.456
=232.233 kN

S.F. at mid span (L/2) :
SF=1019.74 — 66.352 x15 — 24.456
=0
5.3.2. Analysis of Live Load on main girder:

a) Reaction factor

For IRC Class A loading

Reaction factor for outer girder (Ra):

= (5[t + () ]

2w - 3
3 | 2 % (3.25)2

=0.882W

%X (—=3.25) x (—0.7)]

Reaction factor for inner girder (Rg):

R _W 1+ 5 x 0 x (—0.7)
BT 3 [ 2 % (3.25)2 7]
=0.67TW
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Reaction factor for outer girder (Rc):

R, = % (3.25) x (—0.7)]

14—
3 L1t 3 @as)
=0.451W

For class 70R tracked loading

Reaction factor for outer girder (Ra):

o= )+ (2o

3

1w
3 [1+ 2x(3.25)2

x (—3.25) x (—1.1)]

=0.503W

Reaction factor for inner girder (Rg):

Rg = X 0 X (—1.1)]

W,
3 2 X (3.25)2
=0.385W

Reaction factor for outer girder (Rc):

Wy
3 [ 2 x (3.25)2

=0.164W

R; = X (3.25) x (=1.1)]

For class 70R wheel loading

Reaction factor for outer girder (Ra):
1w 14 3
3 [ 2 % (3.25)?
=0.511W

Ry = X (—3.25) x (—1.155)]

Reaction factor for inner girder (Rg):

Ry = x (0) x (—1.155)]

14—
3 1+ 5 Gas)e
=(0.388W

Reaction factor for outer girder (Rc):

1w

3
Re = T[1+2x(3.25)2

X (3.25) x (—1.155)]
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=0.156W

b) Impact factor
Impact factor for Class A = 1.125
Impact factor for Class 70R tracked = 1.1

Impact factor for class 70R wheel = 1.12

¢) Bending moment due to live load

Class A loading

Train of concentrated loads are placed in such a way that it produces maximum
BM.

AtL/2

27kN 27kN 114kN 114kN 68kN 68kN 68kN 68kN

100] 3200 11200] 4300 3000 3000 3000

\851

4750
5292
5350

\ 3850

\ 2350

7499

/

/ 6896

L

15000 15000

BM = [(27%(4.75+5.3) + 114%(6.9+7.5) + 68%(5.35+3.85+2.35+0.85)] x 1.5
=4134.225 kNm

Bm for outer girder A =4134.225 x (0.882 x 1.125 x 2 = 8204.847 kNm

BM for inner girder B =4134.225 x 0.67 x 1.125 x 2= 6201.338 kNm

BM for outer girder C = 4134.225 x 0.451 x 1.125 x 2 =4197.828 kNm

At3L/8
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27kN 27kN  114kN 114kN 68kN 68kN 68kN B68kN

10 3200 200 4300 3000 3000 3000

\ 1593

4343
4968

\ 3843

5031

\ 2718

6581

/

\ 7030

/

11250 18750

BM =
[(27%(4.3435+5.031)+114%(7.031+6.581)+68%(4.9685+3.8436+2.7186+1.5936)]
x 1.5

=4045.998 kNm
BM for outer girder A =4045.998 x 0.882 x 1.125 x 2 =8029.75 kNm
Bm for inner girder B =4045.998 x 067 x 1.125 x 2 = 6068.997 kNm

BM for outer girder C = 4045.998 x 0.451 x 1.125 x 2 = 4108.244 kNm

AtL/4

27KN 27kN 114kN 114kN 68kN 68kN 68kN 68kN

110 3200 200 4300 3000 3000 3000

2402

/ 3221

\\ 5624

\ 2004

\ 2752

5325

\ 3503

7450 22550

BM = [(27%(2.4+3.225)+114x(5.625+5.325)+68%(4.25+3.5+2.75+2)] x 1.5

=3375.263 kNm
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BM for outer girder A =3375.263 x 0.882 x 1.125 x 2 = 6698.598 kNm
BM for inner girder B =3375.263 x 0.67 x 1.125 x2 = 5062.894 kNm

BM for outer girder C = 3375.263 x 0.451 x 1.125 x 2 =3427.19 kNm

AtL/8
27kN 114kN 114kN 68kN 68kN 68kN 68kN
EL 3200 {1200 4300 3000 3000 3000
o 3
A - - g E § 3/4)
oM
m /
—“/
3750 26250

BM =[(27%0.4812+114x(3.2812+3.1312)+68x(2.5937+2.2187+1.8437+1.4687)]
x 1.5

=1944.739 kNm
BM for outer girder A =1944.739 x 0.882 x 1.125 x 2 =3859.558 kNm
BM for inner girder B = 1944.739 x 0.67 x 1.125 x 2=2917.108 kNm

BM for outer girder C = 1944.739 x 0.451 x 1.125 x 2 =1974.658 kNm

Class 70R Tracked vehicle :

The UDL is placed in such a way that the condition for maximum BM is satisfied,
ie

bl

a’
a

AtL/2
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p—270 .,
153 kN/m

L]

2268 2302

6358
6358

7499

~1

30000

BM =[1/2%2.285x%(6.3575+2x7.5+6.3575)x153.173] x 1.5
=7275.194 kNm

BM for outer girder A =7275.194 x 0.503 x 1.1 =4021.876 kNm

Bm for inner girder B =7275.194 x 0.385 x 1.1 =3084.28 kNm

BM for outer girder C = 7275.194 x 0.164 x 1.1 = 1313.266 kNm

At 3L/8

4570

153 kN/m

1712 | 2858

5960
5960

7030

N

11250 18750

BM = [1/2x1.741%(5.96+7.03) + 1/2x2.856%(5.96+7.03)] x1.5%153.173

= 6860.048 kNm
BM for outer girder A = 6860.048 x 0.503 x 1.1 =3792.375kNm

BM for inner girder B = 6860.048 x 0.385 x 1.1 =2908.281 kNm
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BM for outer girder C = 6860.048 x 0.164 x1.1 = 1238.327kNm

AtL/4

4570

153 kN/m

4770
4770

5624

\

7500 22500

BM =[1/2x1.143%(4.77 + 5.625) + 1/2x3.427x(4.77+5.625)] x1.5x153.173
=5457.38kNm

BM for outer girder A =5457.38 x 0.503 x 1.1 =3016.951 kNm

BM for inner girder B = 5457.38 x 0.385 x 1.1 =2313.628 kNm

BM for outer girder C = 5457.38 x 0.164 x 1.1 =985.127 kNm

At L/8

4750
153 kN/m

2780
3280
2780

3750 26250

BM = [1/2x0.57%(3.28+2.78) +1 /2x4x(3.28+2.78)] x1.5%153.137

=3180.755 kNm
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BM for outer girder A =3180.755 x 0.503 x 1.1 =1758.387 kNm
BM for inner girder B =3180.755 x 0.385 x 1.1 = 1348.464 kNm

BM for outer girder C = 3180.755 x 0.164 x 1.1 = 574.167 kNm

Class 70R wheeled vehicle :

AtL/2

170kN 170kN ~ 170kN 170kN 120kN 120kN 80kN

1370 3050 {1370 2130 [1520 33960

5290
5974
5750

4950

7500
6789

\ 3010

\

~
~ U

15000 15000

BM = [80%3.01 + 120%(4.99+5.75) + 170%(6.815+7.5+5.975+5.29)] x1.5
=8817.3 kNm

BM for outer girder A =8817.3 x 0.511 x 1.12 =5046..570 kNm

BM for inner girder B = 8817.3 x 0.388 x 1.12 =3831.724 kNm

BM for outer girder C = 8817.3 x 0.156 x 1.12 =1537.014 kNm

At 3L/8

170kN 170kN  170kN 170kN 120kN 120kN 80kN

1370 3050 1370] 2130 1520 3960

4268

/ 5125

/ 7030
\
\

\

5148

\ 3663

5718

6517

11250 18750
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BM = [170%(4.268+5.124+7.0312+6.5174) + 120x(5.7187+5.1487) + 80x3.6637]
x1.5

= 8245.629 kNm
BM for outer girder A = 8245.629 x 0.511 x 1.12=4719.375 kNm
BM for inner girder B = 8245.629 x 0.388 x 1.12 =3583.293 kNm

BM for outer girder C = 8245.629 x 0.156 x 1.12 = 1437.361 kNm

AtL/4

170kN 170kN ~ 170kN 170kN 120kN 120kN 80kN

/O

1370) 3050  [1370] 2130 {1520 3960

3606

4599
5624
4862
4520

\ 2615

\

\ 3984

\

~N—

7500 22500

BM = [170%(4.5975+5.625+4.8625+4.52) + 120%(3.9875+3.6075) + 80x2.6175]
x1.5

=6680.475 kNm
BM for outer girder A = 6680.485 x 0.511 x 1.12 =3823.561 kNm
BM for inner girder B = 6680.485 x 0.388 x 1.12 =2903.126 kNm

BM for outer girder C = 6680.485 x 0.156 x 1.12 = 1164.527 kNm

At L/8
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170kN 170kN ~ 170kN 170kN 120kN 120kN 80kN

1370( 3050 |1370f 2130 1520 3960

o)
o @ =]
ol @ N & g9 8 g//C)
S Rm“‘”___,_.——-—"
[1a]
| L
I
3750 26250

BM = [170%(3.28+3.1088+2.7277+2.5565) + 120x(2.2903+2.1004) + 80x1.6056]
x1.5

=3959.613 kNm
BM for outer girder A =3959.613 x 0.511 x1.12 =2266.279 kNm
BM for inner girder B =3959.613 x 0.388 x 1.12 = 1720.724 kNm

BM for outer girder C = 3959.613 x 0.156 x 1.12 = 690.232 kNm

d) Shear Force due to live load

Class A loading

At support
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114kN 114kN 68kN 68kN 68kN 68kN

1200 4300 3000 3000 3000
=} ~ ™~
gl | & % N 3 a
g N N\ S R
~N N \

30000

SF =[114%(1+0.96) + 68%(0.8166+0.7167+0.6167+0.5167)] x1.5
=607.163 kN

SF for outer girder A = 607.163 x 0.882 x 1.125 x 2 = 1204.986kNm

SF for inner girder B = 607.163 x 0.67 x 1.125 x 2 =910.745 kNm

SF for outer girder C = 607.163 x 0.451 x 1.125 x 2 =616.504 kNm

AtL/2

27kN 27kN  114kN 114kN 68KN 68kN
1100 3200 {1200 4300 3000

68kN
3000

3000

68kN

A

460

©
g 3
L) N

500

117

9

Nz

15000 15000

30000

SF=[27%(-0.3566-0.3933)+114x(0.5+0.46)+68x(0.3167+0.2167+0.1167+0.0167)]

x1.5

=201.803 kN
SF for outer girder A =201.803 x 0.882 x 1.125 x 2 =400.501 kNm
SF for inner girder B =201.803 x 0.67 x 1.125 x 2 =302.704 kNm

SF for outer girder C =201.803 x 0.451 x 1.125 =201.907
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At 3L/8

27kN 27kN  114kN 114kN 68kN 68kN 68kN 68kN
1100 3200 1200 4300 3000 3000 3000

A O

583

625
525
440
) 4
339
238
138

11250 18750

SF=[27x(0.23160.2683)+114x(0.625+0.585)+68x(0.4416+0.3416+0.2416+0.141
7] x1.5

=305.647 kN
SF for outer girder A =305.647 x 0.882 x 1.125 x 2 = 606.592 kNm
SF for inner girder B =305.647 x 0.67 x 1.125 x 2 =458.471 kNm

SF for outer girder C = 305.647 x 0.451 x 1.125 x 2 =310.349 kNm

AtL/4
27kN 27kN  114kN 114kN 68kN 68kN 68kN 68kN
100 3200 [1200] 4300 3000 3000 3000

= N| N|

< © ©| ~ ~
SIE o~ “’k qk S
Lal | |

)
7500 22500

SF = [27 X (—0.1066 — 0.1433) + 114 X (0.75 + 0.71) + 68 X (0.5667
+0.4667 + 0.3667 + 0.2667)] X 1.5

=409.553 kN
SF for outer girder A =409.553 x 0.882 x 1.125 x 2 = 812.804 kNm
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SF for inner girder B =409.553 x 0.67 x 1.125 x 2 =614.329 kNm

SF for outer girder C =409.553 x 0.451 x 1.125 x 2 =415.853 kNm

AtL/8
27kN 114KN 114kN B8KN  6BKN  6BKN 68KN
3200 1200 4300 3000 | 3000 | 3000
)| 2 o o i o
44 1 SERE
v 4

125

3750 26238

SF = [27%(-0.0183) + 114x(0.875+0.835) + 68x(0.6917+0.5917+0.4917+0.3917)]
x1.5

=512.682 kN
SF for outer girder A =512.682 x 0.882 x 1.125 x 2 =1017.477 kNm
SF for inner girder B = 512.685 x 0.67 x 1.125 x 2 =769.024 kNm

SF for outer girder C= 512.685 x 0.451 x 1.125 x 2 =520.570 kNm

70R Tracked vehicle

At support
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4570

re— e e

153 kKN/m

1000
L
848
-

30000

SF = 1/2x4.57%(1+0.848) x153.173x1.5

=970.201 kN
SF for outer girder A =970.201 x 0.503 x 1.1 =536.347 kN
SF for inner girder B = 970.201 x 0.385 x 1.1 =411.382 kN

SF for outer girder C = 970.201 x 0.164 x 1.1 =175.134 kN

AtL/2

4570

—

153 kNm

500
o
348

15000

30000

SF = 0.5%4.57%(0.5+0.348)x153.173x1.5
=445.2 kN
SF for outer girder A =445.2 x 0.503 x 1.1 =246.116 kN

SF for inner girder B =445.0.385 x 1.1 = 188.740 kN
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SF for outer girder C =445.0385 x 0.164 x 1.1 = 80.364 kN

At3L/8

—t70
153 kNm

625
473
| —=

11250 18750

SF = 0.5%4.57%(0.625+0.473)x153.173x1.5

=576.451 kN
SF for outer girder A =576.451 x 0.503 x 1.1 =318.674 kN
SF for inner girder B = 576.451 x 0.385 x 1.1 = 244.383 kN

SF for outer girder C = 576.451 x 0.164 x 1.1 = 104.057 kN

AtL/4

4570

(TR = 1. S—

153 kNm

750
598

250

7500 22500

SF = 0.5%4.57%(0.75+0.598)x153.173x1.5

=707.701 kN
SF for outer girder A =707.701 x 0.503 x 1.1 =391.231 kN
SF for inner girder B = 707.701 x 0.385 x 1.1 = 300.026 kN
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SF for outer girder C =707.701 x 0.164 x 1.1 = 127.749 kN

AtL/8

4570

153 KNm

[

875
723
L

125

3750 26250

SF = 0.5%4.57%(0.875+0.723)x153.173x1.5

=838.951 kN
SF for outer girder A = 838.951 x 0.503 x 1.1 =463.789 kN
SF for inner girder B = 838.951 x 0.385 x 1.1 = 355.669 kN

SF for outer girder C = 838.951 x 0.164 x 1.1 = 151.441 kN

70R Wheeled vehicle :
At support
170kN 170kN 170kN 170kN 120kN 120kN 80kN
1370 3050 1370] 2130 1520 3960

852
==
807
N
736
-
685
—
553
=

954
h—

30000

SF =[170%(1+0.9543+0.8526+0.807) + 120x(0.736+0.6853) + 80x0.5533] x1.5

=1243.775 kN
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SF for outer girder A =1243.775 x 0.511 x1.12 =711.873 kN

SF for inner girder B = 1243.775 x 0.388 x 1.12 = 540.506 kN

St for outer girder C =1243.775 x 0.156 x 1.12=216.812 kN

AtL/2

170kN 170kN  170kN 170kN 120kN 120kN

1370

3050

1370

2130

1520

3960

80kN

500
S0
449

335

204

O

15000

30000

SF =[170%(0.5+0.4543+0.3526+0.307) + 120%(0.236+0.1853) + 80%0.053] x1.5

=493.739 kN

SF for outer girder A =493.739 x 0.511 x 1.12=282.591 kN

St for inner girder B =493.739 x 0.388 x 1.12 =214.563 kN

SF for outer girder C=493.739 x 0.156 x 1.12 = 86.067 kN

At 3L/8

170kN  170kN  170kN 170kN 120kN 120kN

1370

3050 1370

2130

1520

3960

80kN

AN

579

625

L-478
432

| 361

| ~310

/r178

11250

18750

30000

SF =[170%(0.625+0.8793+0.4776+0.432) + 120%(0.361+0.31)+80x0.1783] x1.5
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=757.721 kN
SF for outer girder A =757.721 x 0.511 x 1.12 =433. 680 kN
SF for inner girder B = 757.721 x 0.388 x 1.12 =329.282 kN

SF for outer girder C = 757.721 x 0.156 x 1.12 =132.084 kN

AtL/4

170kN 170kN  170kN 170kN 120kN 120kN 80kN
1370 3050 1370] 2130 ]1520 3960

[32] ~ )
2 HEE R
o N l\ lw \
7500 il 22500

30000

SF = [170%(0.75+0.7043+0.6026+0.557) + 120%(0.486+0.4353) + 80x0.3033]
x1.5

=868.775 kN
SF for outer girder A = 868.775 x 0.511 x 1.12 =497.242 kN
SF for inner girder B = 868.775 x 0.388 x 1.12 =377.542 kN

SF for outer girder C = 868.775 x 0.156 x 1.12 =151.443 kN

170kN 170kN 170kN 170kN 120kN 120kN 80kN
1370) 3050 {1370 2130 {1520 3960

@ o o -
N IR o Q [
wn
Bl i I { I g
N NS .
)
~
=
3750 26250

30000

At L/8
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SF = [170%(0.875+0.8293+0.7276+0.682) + 120%(0.611+0.5603) + 80x0.4283]
x1.5

=1056.275 kN
SF for outer girder A = 1056.275 x 0.511 x 1.12 = 604.557 kN
SF for inner girder B = 1056.275 x 0.388 x 1.12 = 459.024 kN

SF for outer girder C = 1056.275% 0.156 x 1.12 = 184.128 kN

Summary:

(The Bending moment (BM) and Shear Force (SF) from class A loading is
multiplied by lane distribution factor (LDF= 2) to get design BM and SF.)

Table: Total Design Bending moment and Shear Force for outer girder

(A)
Section Design Bending moment Design shear Force
Class A | 70R tracked | 70R wheel | Class A | 70R tracked | 70R wheel
X=0 1204.986 536.347 711.873
X=L/2 | 8204.847 | 4021.876 5046.570 | 400.501 246.116 282.591
X=3L/8 | 8029.750 | 3792.375 4719.375 | 606.592 318.674 433.680
X=L/4 |6698.598 | 3016.951 3823.561 | 812.804 391.231 497.242
X=L/8 | 3859.558 | 1758.387 2266.279 | 1017.477 463.789 604.557
Table: Total Design Bending moment and Shear Force for inner girder
(B)
Design Bending moment Design shear Force
Section 70R 70R 70R 70R
Class A tracked wheel | Class A tracked wheel
910.74
X=0 5 411.312 540.506
6201.33 302.70
X=L/2 8 3084.280 | 3831.724 4 188.740 214.563
6068.99 458.47
X=3L/8 7 2908.281 | 3583.293 1 244.383 329.282
5062.89 614.32
X=L/4 4 2313.628 | 2903.126 9 300.026 377.542
2917.10 769.02
X=L/8 8 1348.464 | 1720.724 4 355.669 459.024
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Table: Total Design Bending moment and Shear Force for outer girder (C)

' Design Bending moment Design shear Force

X=0 613'50 175.134 216.812
X=L/2 419;'82 1313.266 | 1537.014 204;'90 80.364 86.067
X=3L/8 4102'24 1238.327 | 1437.361 31%34 104.057 132.084
X=L/4 3423'19 985.127 | 1164.527 4153'85 127.749 151.443
X=L/8 197;'65 574.167 690.232 52%57 151.441 184.128

For the design of section, the maximum value of BM and SF is selected from the
above table at various section for outer girder and intermediate main girder.

Table: Design BM and SF due to Live Load

. Outer Main girder Intermediate main girder
Section
BM kNm SF kN BM KNm SF kN
X=0 1204.986 910.745
X=L/2 8204.847 400.501 6201.338 302.704
X=3L/8 8029.750 606.592 6068.997 458.471
X=L/4 6698.598 812.804 5062.894 614.329
X=L/8 3859.558 1017.477 2917.108 769.024
Table: BM and SF due to Dead Load
: Dead Load BM & SF
Section
BM kNm SF kN
X=0 1019.740
X=L2 7709.188 0.000
X=3L/8 7234.520 232.233
X=L/4 5781.891 522.098
X=L/8 3357.485 770.919
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Table: Total design BM and SF; DL BM and SF + LL BM and SF

. Outer Main girder Intermediate main girder
Section
BM kNm SF kN BM KNm SF kN
X=0 2224.726 1930.485
X=L/2 15914.035 400.501 13910.526 302.704
X=3L/8 15264.269 838.825 13303.517 690.703
X=L/4 12480.489 1334.902 10844.785 1136.427
X=L/8 7217.043 1788.396 6274.593 1539.943

5.3.3. Design of Outer Girder

Effective width of flange:
As per clause7.6.1.2 of IRC 112, the effective flange width will be calculated.

The effective flange width befr for a T beam
befr,1 = 0.2%b; +0.1xLo < 0.2xLo and <b;
=0.2x2.1+0.1x30<0.2x30 and <2.1
=342<6and <2.1
=2.1m
befr2 = 0.2xbz +0.1xL0<0.2xLo and <b,
=0.2x1.475 + 0.1x30<=0.2x30 and<1.475
=3.295<6and <1475
=1.475m
befr=Dbefr,1 + befr2 tbw < b
=2.1+ 1.475 + 0.3 < bi+bytbw
=3.875<2.1+ 1.475+ 0.3
=3.875<3.875
=3.875m
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Hence, effective width of flange, besr = 3.875m

Clear cover = 40mm

Let us assume 3 layers of bar of dia. 32mm

Effective depth, d =2300-40-10—-32-32 - 32—2 =2170 mm =2.170 m

Section properties:
Width of web(bw)=300 mm

Average thickNess of left part of slab =0.5(0.32+0.15) = 0.235 m

Average thickNess of left part of slab =0.22 m

220+235

depth of flange (Dr)= — = 223 mm

Overall depth of beam (D) =2300 mm

Material properties

a)
b)

©)

d)
e)

2
h)
i)
»
k)

)

Concrete used: M30 (IRC 112-2020 Table 6.4)
Characteristic strength, fu= 30 N/mm?

Design compressive strength of concrete, fcd—a;fnc i [IRC:112-2020 clause
6.4.2.8]

a = 0.67

ym = 1.5

Design compressive strength of concrete, foq= 0'671fo ok 0'65230 =13.40
N/mm?

Steel used: Fe500

Yield Strength of Steel, f=500N/mm?

Design yield strength of steel, fyq= fy/1.15= 0.87fy = 434.783 N/mm?
Young’s Modulus of Elasticity, Es = 2x10°N/mm?

. . fyd _ 0.87+fy _ 0.87+500
Yield strain for steel (gyd) = L = Y = =0.0218
Es Es 200000

Area factor (B1) = 0.810

m) CG factor(B2) =0.416

n)

Limiting strain on extreme compressed fiber of concrete(gcu2) = 0.0035

At L/2

Calculation of Limiting Moment
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Xiim = —%—d [SP 105]

Ecu tE€yq

_0.0035%2170
"~ 0.0035+ .0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

=1338.326 mm

For Web

Compressive force (C1) =1 X Fea X bw X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 x Xiim =2170 — 0.416 x 1338.326
=1613.256 mm

Mu, iimi = C x z = 4355275 x =222 = 7026.175 kNm

For Flange

Compressive force (Cz2) = Feg X (befr - bw) % Dy

_13.40 X(3875—300) x 223

1000
= 10539.10 kN
CG from steel level (z2) = d- Dz—fz 2170 — 22—3
=2058.500 mm
Mur tim2 = C % z = 10539.10 x 22229 — 71990.575 kNm

Total compressive force, C =4355.275 + 10539.10 = 15038.090 kN
Total limiting moment, My, lim = Mur, tim1 + Mur, lim2

=7026.175 + 21990.575

=29016.749 kNm
CG of total compressive force from steel level = “uziim — 290167491000
c 15038.090
=1929.550 mm

. C 15038.090
Area of reinforcement, Ags= — = = 34587.606 mm?
Fyq  434.783

Using 32mm diameter bars

2
Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = Ao _ 34587606 _ 43.006 =~ 44
Ag 804.258
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So, this section can take up to 29016.749 kNm with 44 number 32 mm dia

bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Meq = 15914.035 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
Meq = B1 X feg X betr X Xu X (d — B2 X Xu)

This, by solving becomes,

= _d \/( d )2 Mgq
Y 2xB, 2xB, B1XPBzXbegeXfeq

2170 2170 \2 15914.035x106
Xu=—7—

T 2x0416  \ \2x0416/  0.810x0.416x38750x13.40
Xy =180.729 mm
Since Xu<Ds, NA lies in flange.

Area of tension reinforcement

A= ]f”—E;"Z with z=(d — B2 x Xu) = (2170 — 0.416 X 180.729) = 2094.822 mm
yd

_ 15914.035x10°
st

= =17472.737 mm?
434.783 x2094.822

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

Agy  17472.737

No of bar in tension = —=— = ————=21.73
A 804.248

Provide 22 number of bars of 32 mm diameter with area, = 17693.450 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As. min = 0.26 ’%: b but not less than 0.0013 bd
y
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Here, For M30
fem= 2.5 [Table 6.5 of IRC: 112: 2020]

A, min = 0.26% % % 300%2170 but not less than 0.0013x300x2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

As, max= 0.025% [(2300-250) x300+700%250+200%150] = 20500 mm?

Ast, provided < As, max, OK

Provide 2-32mm dia. bar as compressive reinforcement

Asc provided = 1608.495 mm?

SIDE REINFORCEMENT:
When the depth of beam is more than 750mm, skin(surface) reinforcement of 0.1
% of web area on each side is to be provided.
Minimum side reinforcement = 0.1% x 300 x 2170 = 651mm?
Providing 12mm bars at the middle section of the beam
651
T

—_ 2
4><12

Spacing of Bars =2170/6=361.67 mm

No of bars = =576 =6

So, provide 12 mm dia. rebar @ 250 mm c/c as side reinforcement on each side.

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vs =400.501 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Qewbwzvy —29—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRD, max =The design value of maximum shear force
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acqy=1 for 6p=0 (RCC)
Lever Arm(z)=(d — B2 x Xu) = (2170 — 0.416 X 180.729)
=2094.822 mm

v, =06 (1 — %) is the strength reduction factor

fea = 0.446f

0=450
Now,
. _ fcd
. VRd,max - aCWbWZUl cotf+tan 6
= 1% 300 X 2094.822 x 0.6 (1 — 22} x 4ok

=2278.464 kN
And,
VRrds=VNs=VEDTVecdtVie= VEp=400.501 kKN

Here,
For uniform cross section: Veed=Vtd=0

Vras =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRd,max, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vgq.c is

given by:

Via.c = [0.12K(80p; f11)*2 + 0.150,, b, d

Via.cmin = (Vimin + 0.150¢,)by,d

K=1+ |2 <
/d <

_ 200

2170
=1.304
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Vinin = 0.031K¥?fck!?
=0.031x1.30432x30!2
=0.253

Gep=0
pl = % = 0.0272 < 0.02- Reinforcement ratio for longitudinal reinforcement

~ p1=0.02
~Vrae=[0.12%1.304% (80 x 0.02 x 30)°33] x300x2170
=365.353 kN

And, Vrd.c=(Vmin+0.15c¢cp) Xbwd
=(0.253+0.15% 0) x 300%x 2170
=164.518 kN

Maximum of Vrd.c & VRd.c, min=365.353 kKN
VEed =The design shear force at a cross-section resulting from external loading
=400.501 kN

~Since VE¢™> VRrd., shear reinforcement design is required

CALCULATION OF SHEAR REINFORCEMENT IRC 112:2020 C110.3.3.1.-4

By equating Vs and , Vzg max We get
-1 2Vgq
sin™* | ——=%5—7—

0= acwaZVIfcd
2
i ( 2 x 400.501 x 1000 )
_ "M " \T%300 x 2094.822 x 0.542 X 0.446 X 30
2
=5.05°

~As per the code 21.8°<0<45°
Adopt 6=21.8°

“VRa=Vrs=VEp= == X z X fywd X cot®

S=$STW X z X fywd X cotf
Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?
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_ 2%113.09
400.501x103

=1287.69 mm

X 2094.822 X 434.78 X cot21.8°

~ Provide spacing = 300mm

check
Asw _ 226195

= =0.00251
sxby,  300x3000

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

0.072xVfck 0.072x+/30 .
“Poin = S="22=0.00079 Since, pu> pain, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing

At 3L/8

Calculation of Limiting Moment

Xiim = —22—d [SP 105]

Ecuzt€yd

_ 0.0035
" 0.0035+ .0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

* 2170 =1338.326 mm

For Web

Compressive force (C1) =1 X Fed X bw X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 X Xiim =2170 — 0.416 x 1338.326
=1613.256 mm

M, iimt = C x 2 =4355.275 x =222 =7026.175 kNm

For Flange
Compressive force (Cz2) = Feq X (befr - bw) X Dy

_13.40 X(3875 300) x 223
1000

=10539.10 kN

223

CG from steel level (z2) = d- Dz—f= 2170 — -

=2058.500 mm
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2058.500

Mur, im2 = C X z=10539.10 x =21990.575 kNm

Total compressive force, C =4355.275 + 10539.10 = 15038.090 kN
Total limiting moment, My, lim = Mur, tim1 + Mur, 1im2

=7026.175 + 21990.575

=29016.749 kNm
CG of total compressive force from steel level = “uztim — 290167491000
c 15038.090
=1929.550 mm

. C 15038.090
Area of reinforcement, A¢ = — = ———— = 34587.606 mm?
Fyq  434.783

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = Ao _ 34587606 _ 43.006 =~ 44
Ag 804.258

So, this section can take up to 29016.749 kNm with 44 number 32 mm dia bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Meq = 15264.269 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mg
Meq = B1 X feg X betr X Xu X (d — P2 X Xu)

This, by solving becomes,

X_d_\/(d)z_ Mgq
Y 2xB, 2xB, B1XPBzXbegrxfed

2170 ( 2170 )2 15264.269x106
2x0.416 2x0.416 0.810x0.416X38750x13.40

u

Xy =173.088 mm
Since Xu<Dy, NA lies in flange.

Area of tension reinforcement

A= ]f”—’sz with z=(d — B2 x Xu) = (2170 — 0.416 X 173.088) = 2098.001 mm
yd

15264.269x10°

Ag= =16733.938 mm?
434.783 X2098.001

Provide 32 mm diameter bar.
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Cross sectional area of each bar (A) = 804.248 mm?

) : A 16733.938
No of bar in tension = =%t = ——=—"—"—=12().81
A 804.248

Provide 22 number of bars of 32 mm diameter with area, = 17693.450 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

A min = 0.26 ’;ﬂ bd but not less than 0.0013 bed

vk
Here, For M30
fom = 2.5 [Table 6.5 of IRC: 112: 2020]

A, min = 0.26% % % 300%2170 but not less than 0.0013x300x2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

A, max= 0.025% [(2300-250) x300+700%x250+200x150] = 20500 mm?

Ast, provided < As, max, OK

Provide 2-32mm dia. bar as compressive reinforcement

A provided = 1608.495 mm?

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vgs=838.825 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Gewbywzvy —L8—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrp, max =The design value of maximum shear force

acw=1 for 6¢;=0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 x 173.088) = 2098.001mm

v, =06 (1 — %) is the strength reduction factor

fcd = 0-4‘4‘6ka
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0=45°

Now,
. _ fed
. VRd,max - aCWbWZUl cotf+tan 0
= 1x 300 x 2098.001 x 0.6 (1 — =) x e

=2281.921 kN
And,
VRrdas=VNs=VED+VeedtVie= VEp-838.825 kN

Here,
For uniform cross section: Veed=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrq.cis
given by:

Via.c = [0.12K(80p; f4)*3* + 0.150,, | by, d

VRd.cmin = (vmin + 0-1506p)bwd

K=1+ 2 <
/d <

_ 200

2170
=1.304
Vimin = 0.03 1K32fck /2

=0.031x1.30432x3012
=0.253

Oep=0
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pl = % = 0.0272 < 0.02- Reinforcement ratio for longitudinal reinforcement

~ p1=0.02

~VRrae=[0.12%1.304% (80 X 0.02 x 30)°33] x300x2170
=365.353 kN

And, Vrdc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=838.825 kN

~Since VE¢™> Vrd., shear reinforcement design is required

Calcuation of Shear Reinforcement

By equating Vns and, Vg ma, We get

o 2V, )
1 Ed
St (acwbwzvlfcd
2
- ( 2 x 838.825 x 1000 )
ST \TX 300 x 2094.822 x 0.542 X 0.446 X 30

2

o0 =

=10.78°

~As per the code 21.8°<6<45°
Adopt 6=21.8°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=% X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

2%113.09

~S =—"-x%2098.001 x 434.78 x cot21.8°

838.825%x103

=614.98 mm

=~ Provide spacing = 300mm
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check
Asw _ 226.195

= =0.00251
sxby  300%x300

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

. _ 0.072xVfck_0.072xv30
*Pmin fyk 500

=0.00079 Since, pw> Pmin, (0K)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing.

At L/8

Calculation of Limiting Moment

Xiim = —<2__d [SP 105]

€cuzte€yd
_ 0.0035
~0.0035+ .0218

CG from top = B2 x Xiim
=0.416 x 1338.326
=556.744 mm

* 2170 = 1338.326 mm

For Web

Compressive force (Ci) = 1 X Feq X by X Xiim
_0.810 x 13.40 X 300 X 1338.326

1000
=4355.275 kN

CG from steel level (z1) = d- B2 x Xiim =2170 — 0.416 x 1338.326
=1613.256 mm

My, timi = C X z = 4355275 x 222220 = 7026.175 kNm

1000
For Flange
Compressive force (Cz2) = Feg X (befr - bw) % Dr

_ 13.40 x(3875— 300) x 223
1000

=10539.10 kN

223
2

CG from steel level (z2) = d- Dz_f: 2170 —
= 2058.500 mm
Mur, tim2 = C % z = 10539.10 x % =21990.575 kNm

Total compressive force, C =4355.275 + 10539.10 = 15038.090 kN
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Total limiting moment, My, lim = Mur, tim1 + Mur, lim2

=7026.175 + 21990.575

=29016.749 kNm
CG of total compressive force from steel level = “uztim — 290167491000
c 15038.090
=1929.550 mm
Area of reinforcement, Ay = —— = 235990 _ 34587 606 mm?

Fyq  434.783

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = Ao _ 34587606 _ 43.006 =~ 44
Ag 804.258

So, this section can take up to 29016.749 kNm with 44 number 32 mm dia
bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Mgq = 7217.043kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
Meq = B1 X feg X betr X Xu X (d — B2 X Xu)

This, by solving becomes,

- _d \/( d )2 Mgq
Y 2xp, 2xB; B1xB2Xbegrxfea

2170 \/( 2170 )2 7217.043X10°

Y 2x0416 2x0.416 0.810X0.416X3875%13.40
Xu=80.359 mm
Since Xu<Ds, NA lies in flange.

Area of tension reinforcement

Mgq

Ast=
fdeZ

with z= (d — B2 x Xu) = (2170 — 0.416 x 80.359) = 2136.573 mm

7217.043x10°
Ag = =7769.076 mm?
434.783 x2136.573

Provide 32 mm diameter bar.
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Cross sectional area of each bar (A) = 804.248 mm?

) : A 7769.076
No of bar in tension = =t = ==—=—_=9 66
A 804248

Provide 10 number of bars of 32 mm diameter with area, = 8042.477 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

A min = 0.26 ’;ﬂ bd but not less than 0.0013 bed

vk
Here, For M30
fom = 2.5 [Table 6.5 of IRC: 112: 2020]

A, min = 0.26% % % 300%2170 but not less than 0.0013x300x2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

A, max= 0.025% [(2300-250) x300+700%x250+200x150] = 20500 mm?

Ast, provided < As, max, OK

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vgs=1788.396 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Qewbwzvy —2€—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrD, max =The design value of maximum shear force

acqy=1 for 6cp=0 (RCC)

Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 x 80.359) = 2136.573mm
v, =06 (1 — %) is the strength reduction factor

fea = 0.446f

0=45°
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Now,

e
“ VrRamax = Acwbwz vy cot9+ian9
= 1% 300 x 2136.573 x 0.6 (1 — %) x —otolek_

=2323.875 kN
And,
VRris=VNs=VEp+VeedtVie= VEp=1788.396 kKN

Here,
For uniform cross section: Veed=Vtd=0

Vras =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

Via =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~.Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]

The design shear resistance of the member without shear reinforcement Vgq.c is
given by:

Vra.c = [0.12K(80p; f1)32 + 0.150., b, d

VRd.cmin = (vmin + 0-1500p)bwd

K=1+ |20 <
d
—1+ , 200
2170

=1.304
Vinin = 0.031K32fck 2

=0.031x1.30432x30!2
=0.253

Gep=0

A

pl = b—Std = 0.0124 < 0.02- Reinforcement ratio for longitudinal reinforcement
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- p1=0.0124

~VRrde=[0.12X1.304% (80 x 0.0124 x 30)%33] x300%x2170
=311.652 kN

And, Vrd.c=(Vmint0.15c¢cp) Xbwd
=(0.253+0.15% 0) x 300%x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=1788.396 kN

~Since VE¢™> VRd., shear reinforcement design is required

Design of Shear Reinforcement

By equating Vns and, Vrg max We get
i1 2VEqd )
sin (acwaZV1fca

2
Rt 2X1788.396X1000
sin

1X300%X2136.573X0.542X0.446X30

R —

=24.85°

2

~As per the code 21.8°<0<45°
Adopt 6=24.85°

~VRas=VNs=VED= ASTW X z X fywd X cotf

_Asw
S—VED X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2%113.09
1788.396x103

=253.66 mm

X 2136.573 X 434.78 X cot24.85°

=~ Provide spacing = 250mm

check
Asw _ 226195

sxby  250%300

=0.00302

Shear reinforcement ratio pw=
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Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv/30
~Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 250 mm c/c spacing.

AtL/4

Calculation of Limiting Moment

Xiim = —<2_d [SP 105]

€cuzte€yd
_ 0.0035
" 0.0035+ .0218

CG from top = B2 * Xiim
=0.416 x 1338.326
=556.744 mm

* 2170 =1338.326 mm

For Web

Compressive force (Ci) = 1 X Feq X by X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 % Xiim =2170 — 0.416 x 1338.326
=1613.256 mm

Mu, iimt = C x 2 =4355.275 x =222 = 7026.175 kNm

For Flange
Compressive force (Cz2) = Feq X (betr - bw) X Dy

_13.40 X(3875 300) x 223
1000

=10539.10 kN

223
2

CG from steel level (z2) = d- Dz_f: 2170 -
=2058.500 mm

M, tim2 = C % z = 10539.10 x % =21990.575 kNm

Total compressive force, C =4355.275 + 10539.10 = 15038.090 kN
Total limiting moment, My, lim = Mur, tim1 + Mur, lim2

=7026.175 + 21990.575

=29016.749 kNm
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: Myrlim _ 29016.749X1000
CG of total compressive force from steel level = “(r:'“m = 203505

=1929.550 mm

. C 15038.090
Area of reinforcement, Ay = — = ————— = 34587.606 mm?
Fyq 434783

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = Ast _ 34587606 43.006 = 44
Ao 804.258

So, this section can take up to 29016.749 kNm with 44 number 32 mm dia

bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Meq = 12480.489kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
MEeq = B1 X feg X betr X Xu X (d — B2 X Xu)

This, by solving becomes,

< -4 J( d )2 Mgq
Y 2xB, 2xB, B1XPBzXbegeXfeq

X, = 2170 ( 2170 )2 12480.489x10°
Y 2x0416 2x0.416 0.810%0.416%X3875%X13.40

Xy =140.616 mm
Since Xu<Ds, NA lies in flange.

Area of tension reinforcement

A =fMEjZ with z= (d — B2 x Xu) = (2170 — 0.416 x 140.616) = 2111.580 mm
yd

12480.489x10°

Ag= =13594.606 mm?
434.783 x2136.573

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

Ag;  13594.606

No of bar in tension =— = ————=16.9
A 804.248

Provide 18 number of bars of 32 mm diameter with area = 14476.459 mm?
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Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As min = 0.26 j;fﬂ bid but not less than 0.0013 bid
vk

Here, For M30
ferm = 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% 52?50 % 300%2170 but not less than 0.0013x300%2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max = 0.025 A,

A, max= 0.025% [(2300-250) x300+700%x250+200x150] = 20500 mm?

Ast, provided < As, max, OK

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vs =1334.902 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Qewbwzvy —29—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRD, max =The design value of maximum shear force

acw=1 for 6p-0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 X 140.616) = 2111.580mm

v, =06 (1 - fﬂ) is the strength reduction factor

310
o = 0.446f,,
0=45°
Now,
“ VrRamax = Acwbwzvy (:C)th-I—ﬁ
= 1% 300 x 2111.580 x 0.6 (1 — %) x —tolek_

=2298.236 kN
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And,
VRrds=VNs=VEpt+VeedtVie= VEp=1334.902 kN

Here,
For uniform cross section: Veed=Vtd=0

Vrds =The design value of the shear force
Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd
Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord
V4 =Design value of the shear component of the force in the tensile
reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRd,max, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrd.cis
given by:

Via.c = [0.12K(80p; f11)°*® + 0.150,, b, d

VRd.cmin = (vmin + 0-1500p)bwd

K =1+ /ﬂ <
d
_ 200
_H\lzno

=1.304
Vimin = 0.031K32fck 2

=0.031x1.30432x30!2
=0.253

Gep=0

pl = % = 0.0222 < 0.02- Reinforcement ratio for longitudinal reinforcement

~ p1=0.02

~Vrde=[0.12%1.304X (80 x 0.02 x 30)°33] x300%x2170
=365.353 kN

And, Vrdc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
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=164.518 kN

Maximum of Vrd.c & VRd.c, min=365.353 kKN
Vrd =The design shear force at a cross-section resulting from external loading
=1334.902 kN

~Since Vi¢™> Vrd., shear reinforcement design is required

CALCUALTION OF SHEAR REINFORCEMENT
By equating Vns and, Vgg max We get
sin™? (—ZVEd )

.0 = acwaZVIfcd

Sin_l( 2 X 1334.902 x 1000 )
_ 1 X300 x2111.580 X 0.542 X 0.446 X 30
2

=17.77°

~As per the code 21.8°<0<45°
Adopt 6=21.8°

“Vra=Vrs=VEp= == X z X fywd X cot®

_Asw
S—VED X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2#113.09
1788.396x103

=388.93 mm

X 2111.580 X 434.78 X cot21.8°

= Provide spacing = 300mm

check
Asw _ 226195

sxby,  300%300

Shear reinforcement ratio pw= =0.00251

Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv/30
*+Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300 mm c/c spacing
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At support
DESIGN OF SHEAR REINFORCEMENT
Design shear force, Veq =2224.726KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

fed
cotf+tan 6

Vedmax = AewbwzZV1 [TRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

Here,
VRD, max =The design value of maximum shear force

acw=1 for 6,,-0 (RCC)
Lever Arm(z)=2111.580mm

v, =06 (1 — %) is the strength reduction factor

fcd = 0-4‘4‘6ka

0=45°
Now,
= 1x 300 x 2111.580 x 0.6 (1 — =) x ek
~2296.69 kN
And,
Vras=VNs=VEp+VeeatVie= VEn-2224.726 kN
Here,

For uniform cross section: Vecd=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]
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The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Vra.c = [0.12K(80p; f11)*2 + 0.150,, b, d

VRd.cmin = (vmi + 0-1506p)bwd

K =1+ /ﬂ<2
TS

_ ,200
=1+ 2170

=1.304
Vimin = 0.03 1K32fck /2

=0.031x1.30432x3012
=0.253
Oep=0
Since the section at L=0 has not been designed for bending, but half reinforcement

is always available throughout.

Aw=17472.737/2

A

pl = b—Std = 0.0136 < 0.02- Reinforcement ratio for longitudinal reinforcement

« p1=0.0136

~VRrae=[0.12%1.304% (80 X 0.0136 x 30)%33] x300%x2170
=321.610 kN

And, Vrdc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=321.610 kN
VEd =The design shear force at a cross-section resulting from external loading
=2224.726 kN

~Since Ve¢™> Vrd., shear reinforcement design is required

DESIGN OF SHEAR REINFORCEMENT

By equating Vns and, Vg max We get
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2V,
Sin_1 (—Ed)
_ acwbwzvlfcd

2
sin~? ( 2 X 2224.726 x 1000 )
1 x300x2111.580 X 0.542 X 0.446 X 30
2

=36.88°

~As per the code 21.8°<0<45°
Adopt 0=36.88°

#Vra=Vrs=Vep= == X z X fywd X cot®

_Asw
S—VED X z X fywd X cotf

Provide 2-legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2+113.09
2224.726x103

=124.43 mm

X 2111.580 X 434.78 x cot21.8°

=~ Provide spacing = 110mm

check
Asw _ 226195

= =0.00685
sxby  110%x300

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv30
*+Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 110 mm c¢/c spacing

5.3.3. Design of Intermediate Girder

Effective width of flange:

As per clause7.6.1.2 of IRC 112, the effective flange width will be calculated.

The effective flange width befr for a T beam
befr,1 = 0.2xb1 +0.1xL0<0.2xLo and <b;
=0.2x1.475 + 0.1x30<0.2x30 and <1.475
=3.295<6 and <2.1
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=1.475m
berr2 = 0.2xbz +0.1xL0<0.2xLo and <b,
=0.2x1.475 + 0.1x30<=0.2x30 and<1.475
=3.295<6 and <1.475
=1.475m
befr=Dbefr,1 + beff2 tbw<b
=1.475+1.475 + 0.3 < by +batby
=3.250<1.475+ 1.475+0.3
=3.250<3.250
=3.250m
Hence, effective width of flange, besr = 3.250m
Clear cover = 40mm

Let us assume 3 layers of bar of dia. 32mm

Effective depth, d = 2300-40-10-32-32-32—2 =2170 mm=2.170 m

Section properties:
Width of web(bw)=300 mm
Average thickNess of left part of slab =0.22 m

Depth of flange (Df)= 220 mm
Overall depth of beam (D) =2300 mm

Material properties
a) Concrete used: M30 (IRC 112-2020 Table 6.4)
b) Characteristic strength, fu= 30 N/mm?

¢) Design compressive strength of concrete, fcd—a;jfnc i [IRC:112-2020 clause
6.4.2.8]

d) a=0.67

e) ym=15

f) Design compressive strength of concrete, fog= 0'671? ok = 0'65230 =13.40
N/mm?

g) Steel used: Fe500
h) Yield Strength of Steel, fu=500N/mm?
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i) Design yield strength of steel, fya= fy/1.15= 0.87fy = 434.783 N/mm?
i) Young’s Modulus of Elasticity, Es = 2x10°N/mm?

fyd _ 0.87+fy _ 0.87+500

k) Yield strain for steel (gya) = Es 200000

=0.0218

1) Area factor (B1) = 0.810
m) CG factor(B2) = 0.416

n) Limiting strain on extreme compressed fiber of concrete(gcu2) = 0.0035

At L/2
Calculation of Limiting Moment

Xiim = —<2__d [SP 105]

€cuzt€yd
_0.0035%2170
" 0.0035+ .0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

=1338.326 mm

For Web

Compressive force (Ci) = 1 X Feq X by X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 % Xiim =2170 — 0.416 x 1338.326
=1613.256 mm

Mu, iimi = C x 7 = 4355275 x =222 = 7026.175 kNm

For Flange
Compressive force (Cz2) = Feg X (befr - bw) % Dr

_13.40 X(3250-300) X 220
1000

=8696.6 kN

CG from steel level (z2) = d- Dz—fz 2170 — 22_0
= 2060 mm

2060
1000

Mur, tim2 = C X z = 8696.6 % =17914.996 kNm

Total compressive force, C =4355.275 + 8696.6 = 13051.875 kN

Total limiting moment, Mur, lim = Mur, tim1 + Mur, lim2
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=7026.175+ 17914.996
=24941.171kNm

i Muyr,li 24941.171x1000
CG of total compressive force from steel level = —22™ =

C 13051.875
=1910.926 mm
Area of reinforcement, Asi = L 051875 30019.312 mm?

Fyq  434.783

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = Asr _ 30019312 _ 37.326 = 38
A 804.258

So, this section can take up to 24941.171 kNm with 38 number 32 mm dia

bars.

Design of main reinforcement
Design Bending Moment, Meq = 13910.526 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
MEd = B1 X fed X berr X Xu % (d — B2 % Xu)

This, by solving becomes,

X_d_\/(d)z_ Mgq
Y 2xB, 2xB, B1XPBzXbegexfed

X, = 2170 ( 2170 )2 13910.526 X106
Y 2x0416 2X0.416 0.810%0.416X3250x13.40

Xu=188.652 mm
Since Xu<Dy, NA lies in flange.

Area of tension reinforcement
Ag= ]f”—’sz with z = (d — B2 x Xu) = (2170 — 0.416 X 188.652) = 2091.526 mm
yd

_13910.526x10°
St 434,783 x2091.526

= 15297.063 mm?

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?
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) : A 15297.063
No of bar in tension = =% = ==———==19.02
A 804.248

Provide 20 number of bars of 32 mm diameter with area, = 16084.954 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As, min = 0.26 j;fﬂ bid but not less than 0.0013 bid
vk

Here, For M30
fem= 2.5 [Table 6.5 of IRC: 112: 2020]

A, min = 0.26% % % 300%2170 but not less than 0.0013x300x2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

As, max = 0.025% [(2300-250) x300+700x250+200%150] = 20500 mm?

Ast, provided < As, max, OK

Provide 2-32mm dia. bar as compressive reinforcement

A provided = 1608.495 mm?

Side reinforcement:
When the depth of beam is more than 750mm, skin(surface) reinforcement of 0.1
% of web area on each side is to be provided.

Minimum side reinforcement = 0.1% x 300 x 2170 = 651mm?

Providing 12mm bars at the middle section of the beam
651
I 2
z X 12

No of bars = =576 =6

Spacing of Bars =2170/6= 361.67 mm

So, provide 12 mm dia. rebar @ 250 mm c/c as side reinforcement on each side.
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Design Of Shear Reinforcement
Design shear force, Vs =302.704 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

fcd
cotf+tan 6

Vidmax = Qewbwzvy [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

Here,
VRrD, max =The design value of maximum shear force

acqy=1 for 6cp=0 (RCC)
Lever Arm(z)=(d — B2 x Xu) = (2170 - 0.416 X 188.652)
=2091.526 mm

v, =06 (1 — %) is the strength reduction factor

fea = 0.446f
0=45°
Now,

fcd

-V = a. b,z —————
Rd,max ewPWaHL ot O + tan 6

30 0.446f,;
= 1x 300 X 2091.526 X 0.6 (1 - )

310 X cot45 + tan 45
=2274.878kN

And,
VRrds=VNs=VEDTVeedtVie= VEp=302.704 KN

Here,
For uniform cross section: Veed=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRdmax, the section is safe.

Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]

91



The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Vra.c = [0.12K(80p; f11)*2 + 0.150,, b, d

VRd.cmin = (vmin + 0-1506p)bwd

K =1+ /@ <
d
Cpp 20
2170
=1.304
Vinin = 0.031K32fck!/2

=0.031x1.30432x3012

=0.253
Oep=0
pl = % = 0.0247 < 0.02- Reinforcement ratio for longitudinal reinforcement
= p1=0.02

~VRrae=[0.12%1.304% (80 x 0.02 X 30)°33] x300x2170
=365.353 kN

And, Vrgc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=400.501 kN

~Since Vi¢™> Vrde, shear reinforcement design is required

Design of Shear Reinforcement

By equating Vns and, Vrgq max We get

. 2V, )
1(_____2"Ed
.0 = st (acwbwzvlfcd
o = >
sin—1 ( 2% 302.704 x 1000 )
1 X 300 X 2091.526 X 0.542 X 0.446 X 30

2
=2.52°
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~As per the code 21.8°<6<45°
Adopt 6=21.8°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=% X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2+113.09
302.704x103

=1698.91 mm

X 2091.526 X 434.78 X cot21.8°

=~ Provide spacing = 300mm

check
Asw _ 226195

sxby  300%300

=0.00251

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

. _0.072xVfck_0.072xv30
*+Pmin fyk 500

=0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing

At 3L/8
Calculation of Limiting Moment
Xiim = —<—d [SP 105]
€cuzte€yd
— Q00592179 _ 1338.326 mm
0.0035+ .0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

For Web

Compressive force (C1) = 1 X Feq X by X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 x Xiim = 2170 — 0.416 x 1338.326
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=1613.256 mm

Mu, iimi = C x 7 = 4355275 x =222 = 7026.175 kNm

For Flange
Compressive force (Cz2) = Feg X (befr - bw) % Dr

_13.40 X(3250—300) X 220

1000
=8696.6 kN
CG from steel level (z2) = d- Dz_f: 2170 — 2;—0
=2060 mm
Mur, im2 = C X 2 = 8696.6 X 22> = 17914.996 kNm

1000
Total compressive force, C =4355.275 + 8696.6 = 13051.875 kN

Total limiting moment, My, lim = Mur, tim1 + Mur, lim2
=7026.175 +17914.996
=24941.171kNm

urlim __ 24941.171x1000

. M
CG of total compressive force from steel level =

C 13051.875
=1910.926 mm
Area of reinforcement, Asi = L 13051875 30019.312 mm?

Fyq  434.783

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

As;  30019.312

Number of bars =— = —— =37.326 = 38
Ao 804.258

So, this section can take up to 24941.171 kNm with 38 number 32 mm dia

bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Meq = 13303.517 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
MEd = B1 X fea X berr X Xu % (d — B2 % Xu)

This, by solving becomes,
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X_d_\/(d)z_ Mgq
Y 2xB, 2xB, B1XPBzXbegexfeq

X, = 2170 ( 2170 )2 13303.517 x10°
Y 2x0416 2x0.416 0.810%0.416%X3250%X13.40

Xu=180.114 mm
Since Xu<Dy, NA lies in flange.

Area of tension reinforcement
Ag= ]f”—’sz with z = (d — B2 x Xu) = (2170 — 0.416 x 180.114) = 2095..078mm
yd

_13303.517x10°
St 434.783 x2095.078

= 14604.751mm?

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

) : A 14604.751
No of bar in tension = =% = ———-=18.16
A 804.248

Provide 20 number of bars of 32 mm diameter with area, = 16084.954 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As. min = 0.26 ’;ﬂ b but not less than 0.0013 bed
vk

Here, For M30
fem= 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% 52?50 % 300%2170 but not less than 0.0013x300%2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

As, max = 0.025% [(2300-250) x300+700x250+200%150] = 20500 mm?

Ast, provided < As, max, OK

Provide 2-32mm dia. bar as compressive reinforcement

Asc provided = 1608.495 mm?
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DESIGN OF SHEAR REINFORCEMENT
Design shear force, Ves =690.703KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Qewbwzvy —2€—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrD, max =The design value of maximum shear force

acw=1 for 6,,-0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 x 180.114) = 2095.078mm

v, =06 (1 - %) is the strength reduction factor

fea = 0.446f
0=45°
Now,

fcd

N 4 = a. b,zv; ———
Rd,max wPWEEL ot O + tan 6

30 0.446f,;
=1 x 300 X 2095.078 X 0.6 (1 )

— X
310 cot45 + tan 45
=2278.741 kN

And,
VRrds=VNs=VEDptVeedtVie= VEp=690.703 kKN

Here,
For uniform cross section: Veed=Vtd=0

Vras =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

Via =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRd,max, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]
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The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Vra.c = [0.12K(80p; f11)*2 + 0.150,, b, d

VRd.cmin = (vmin + 0-1506p)bwd

K =1+ /ﬂ<2
TS
_ ,200
=1+ 2170

=1.304
Vimin = 0.03 1K32fck /2

=0.031x1.30432x3012
=0.253

Gep=0
pl = % = 0.0247 < 0.02- Reinforcement ratio for longitudinal reinforcement

« p1=0.02
“VRae=[0.12x1.304% (80 X 0.02 x 30)°33] x300x2170
=365.353 kN

And, Vrgc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=838.825 kN

~Since VE¢™> VRa., shear reinforcement design is required

DESIGN OF SHEAR REINFORCEMENT

By equating Vns and, Vigq max We get

o 2V )

1(__2Vea
St (acwbwzvlfcd
2

4 ( 2 x 838.825 x 1000 )

SN\ T 300 x 2095.078 X 0.542 X 0.446 X 30
2

o0 =

=8.741°

~As per the code 21.8°<0<45°
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Adopt 6=21.8°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=\‘Z—VDV X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2%113.09
690.703x103

=745.821 mm

x 2095.078 x 434.78 X cot21.8°

= Provide spacing = 300mm

check
Asw _ 226195

sxby,  300%300

Shear reinforcement ratio pw= =0.00251

Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv30
~Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing

AtL/8
Calculation of Limiting Moment
Xiim = —<2__d [SP 105]
€cuzte€yd
= =022 1338326 mm
0.0035+0.0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

For Web

Compressive force (Ci) = 1 X Feq X by X Xiim

_0.810x13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 X Xiim =2170 - 0.416 x 1338.326
=1613.256 mm

Mu, iimi = C x z = 4355275 x =222 = 7026.175 kNm
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For Flange

Compressive force (Cz2) = Feg X (befr - bw) % Dy

_13.40 X(3250 300) x 220
1000

=8696.6 kN

CG from steel level (z2) = d- Dz—fz 2170 — 22—0
=2060 mm

2060
1000

=17914.996 kNm

Mur, lim2 = C X z=8696.6 x
Total compressive force, C = 4355.275 + 8696.6 = 13051.875 kN

Total limiting moment, My, lim = Mur, tim1 + Mur, lim2
=7026.175 +17914.996
=24941.171kNm

urlim __ 24941.171x1000

. M
CG of total compressive force from steel level =

C 13051.875
=1910.926 mm
Area of reinforcement, Ag = L = 131875 _ 30019.312 mm?

Fyq  434.783

Using 32mm diameter bars

Area of each bar, Ao =1 X 3%2 = 804.258 mm?

Number of bars = 25t = 3219312 _ 37 376 ~ 38
Ao 804.258

So, this section can take up to 24941.171 kNm with 38 number 32 mm dia

bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Mgq = 6274.593kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mg
Meg = B1 X feg X betr X Xu X (d — P2 X Xu)

This, by solving becomes,

< —_d \/( d )2 Mgq
Y 2xp, 2xB; B1xBaxbegrxfed
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2170 \/( 2170 )2 6274.593x106

U 2%0416 2x0.416 0.810%0.416%X3250%X13.40

Xu = 83.349mm
Since Xu<Ds, NA lies in flange.

Area of tension reinforcement
MEgq
fdeZ

6274.593x10°
Ay = =6758.472 mm?
434,783 x2135.329

Ag= with z= (d — B2 x Xu) = (2170 — 0.416 x 83.349) = 2135.329 mm

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

No of bar in tension = % = 6758.472 =8.40

Provide 10 number of bars of 32 mm diameter with area, = 8042.477 mm?

Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

Asmin = 0.26 ’;ﬂ bd but not less than 0.0013 bed

vk
Here, For M30
fom = 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% 52?50 % 300%2170 but not less than 0.0013x300%2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

A, max = 0.025% [(2300-250) x300+700%x250+200x150] = 20500 mm?

Ast, provided < As, max, OK
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DESIGN OF SHEAR REINFORCEMENT

Design shear force, Vea =1539.943 kN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

fcd
cotf+tan6

Vidmax = Qewbwzy [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

Here,
VRrD, max =The design value of maximum shear force

acy=1 for 6p-0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 X 83.349) = 2135.329mm

v, =06 (1 — %) is the strength reduction factor

fea = 0.446f
0=45°
Now,

fcd

-V = a. b,z —————
Rd,max wPWEHL cot 6 + tan 6

30 0.446f,;
= 1x 300 x 2135.329 X 0.6 (1 )

310 X cot45 + tan 45
=2322.521 kN

And,
VRrRds=VNs=VEpt+VeedtVie= VEp=1539.943 kN

Here,
For uniform cross section: Vecd=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrq.c is
given by:
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Vea.c = [0.12K(80p; f11)3® + 0.150., b, d
VRa.cmin = (vmin + 0-1500p)bwd

K=1+ |20 <
d
_ 200
_H\lzno

=1.304
Vinin = 0.031K32fck 2

=0.031x1.30432x30!2
=0.253
Gep=0

A

pl = b—Std = 0.0124 < 0.02- Reinforcement ratio for longitudinal reinforcement

« p1=0.0124

~VRrae=[0.12%1.304% (80 x 0.0124 x 30)%33] x300%x2170
=311.652 kN
And, Vrgc=(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrgc & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=1539.943 kN

~Since Vi¢™> Vrd., shear reinforcement design is required

DESIGN OF SHEAR REINFORCEMENT
By equating Vs and, Vi mar We get

. 2V, )
1(_____2YEd
_ St (acwbwzvlfcd
2
sin‘l( 2 X 1539.943 x 1000 )
1 X 300 X 2135.329 X 0.542 X 0.446 X 30
2

=20.542°

~As per the code 21.8°<6<45°
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Adopt 6=24.85°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=35TW X z X fywd X cotf
Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

2§ =—30 _ 2135.329 X 434.78 X cot24.85°
1539.943x10

=340.946 mm

=~ Provide spacing = 300 mm

check
Asw _ 226195

sxby,  300%300

Shear reinforcement ratio pw= =0.00251

Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv30
~Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300 mm c/c spacing.

At L/4

Calculation of Limiting Moment

Xiim = —2 d [SP 105]

€cu tE€yq

_0.0035%2170
" 0.0035+ .0218

CG from top = P2 X Xiim
=0.416 x 1338.326
=556.744 mm

=1338.326 mm

For Web

Compressive force (C1) =1 X Fed X bw X Xiim

_0.810Xx13.40 X 300 X 1338.326
1000

=4355.275 kN
CG from steel level (z1) = d- B2 X Xiim =2170 —0.416 x 1338.326
=1613.256 mm

1613.256

Mu, lim1 = C x z=4355.275 x
1000

=7026.175 kNm

For Flange
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Compressive force (Cz2) = Feg X (befr - bw) % Dy

_13.40 X(3250— 300) x 220

1000
=8696.6 kN
CG from steel level (z2) = d- Dz_f: 2170 — 2;—0
=2060 mm
Mur, im2 = C X 2 = 8696.6 X 22> = 17914.996 kNm

1000
Total compressive force, C = 4355.275 + 8696.6 = 13051.875 kN

Total limiting moment, Mur, lim = Mur, tim1 + Mur, lim2
=7026.175 +17914.996
=24941.171kNm

. Mur i 24941.171x1000
CG of total compressive force from steel level = “E’ = = 3051575

=1910.926 mm

C _ 13051875

— = =30019.312 mm?
Fyq 434783

Area of reinforcement, Ag =

Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

Number of bars = 25t = 32019312 _ 37 376 ~ 38
Ao 804.258

So, this section can take up to 24941.171 kNm with 38 number 32 mm dia

bars.

DESIGN OF MAIN REINFORCEMENT
Design Bending Moment, Mgq = 10844.785kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed
Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mgq
MEd = B1 X fed X berr X Xu % (d — B2 % Xu)

This, by solving becomes,

X_d_\/(d)z_ Mg
Y 2xB, 2xB, B1XPBzXbegexfed
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2170 \/( 2170 )2 10844.785x106

U 2%0416 2x0.416 0.810%0.416%X3250%X13.40

Xu=145.833 mm
Since Xu<Ds, NA lies in flange.

Area of tension reinforcement
MEgq
fdeZ

10884.785x10°
Ag= =11825.04 mm?
434,783 x2109.338

Ag= with z = (d — B2 x Xu) = (2170 — 0.416 X 145.833) = 2109.338 mm

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

) ) A 11825.04
No of bar in tension = =£ =

= =14.70
A 804.248

Provide 16 number of bars of 32 mm diameter with area = 12867.964 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As. min = 0.26 22 b.d but not less than 0.0013 bd

fyk
Here, For M30
fom= 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% % % 300%2170 but not less than 0.0013x300%2170

=846.3mm? but not less than 846.3mm?
= 846.3mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As,max=0.025 A,

A, max = 0.025% [(2300-250) x300+700%x250+200x150] = 20500 mm?

Ast, provided < As, max, OK

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vea =1136.427 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vadmar = Gewbyzvy —2%9—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6
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Here,
VRrp, max =The design value of maximum shear force

acw=1 for 6,,-0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (2170 — 0.416 X 143.833) = 2109.338mm

v, =06 (1 — fﬂ) is the strength reduction factor

310
fea = 0.446fck
0=45°
Now,
= 1x 300 x 2109.338 X 0.6 (1 — 2= ) x -t
=2294.251 kN
And,
VRras=VNs=VED+VceatVie= VEp=1136.427kN
Here,

For uniform cross section: Vecd=Vtd=0

Vras =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRd,max, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2)

The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Vra.c = [0.12K(80p; f1)32 + 0.150., b, d

VRd.cmin = (vmin + 0-1500p)bwd

K=1+ |20 <
d
Lpp 20
2170
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=1.304
Vinin = 0.031K32fck 2

=0.031x1.30432x30!2
=0.253

Oep=0

pl = % = 0.0198 < 0.02- Reinforcement ratio for longitudinal reinforcement

- p1=0.02

~Vrae=[0.12%1.304% (80 x 0.02 X 30)°33] x300x2170
=365.353 kN

And, Vrdc=(Vmin+0.15c¢cp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrgc & VRrd.c, min=365.353 kN
VEed =The design shear force at a cross-section resulting from external loading
=1334.902 kN

~Since VE¢™> Vrd., shear reinforcement design is required

CALCULATION OF SHEAR REINFORCEMENT
By equating Vns and, Vig max We get

. 2V, )
1(____“4YEd
St (acwbwzvlfcd
2
sin‘l( 2% 1136.427 x 1000 )
_ 1 x 300 x 2109.833 X 0.542 x 0.446 X 30
2
=14.701°

o0 =

~As per the code 21.8°<0<45°
Adopt 6=21.8°

“Vra=Vrs=Vep= == X z X fywd X cot®

_Asw
S—VED X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?
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_ 2+113.09
1136.427x103

=456.384 mm

X 2109.833 X 434.78 x cot21.8°

= Provide spacing = 300mm

check
Asw _ 226195
sxby  300%300

=0.00251

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

. _ 0.072xVfck_0.072xV30
**Pmin fyk 500

=0.00079 Since, pw> Pmin, (0K)

Hence provide 12mm 2- legged vertical stirrups at 300 mm c/c spacing

At support

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Ves=1930.485KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Qewbyzv; —2€—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrD, max =The design value of maximum shear force

acw=1 for 6¢p=0 (RCC)
Lever Arm(z)=2109.388mm

v, =06 (1 - g%) is the strength reduction factor

fcd = 0-4‘4‘6ka

0=45°
Now,
. _ fed
. VRd,max - aCWbWZUl cot@+tan 6
= 1x 300 x 2109.388 x 0.6 (1 — 22 x —2ck

=2294.306 kN
And,
VRrds=VNs=VEpt+VeedtVie= VEp=2224.726 kN

Here,
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For uniform cross section: Vecd=Vtd=0

Vras =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

Via =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~.Since, Vrds < VRd,max, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrq.c is

given by:

Vra.c = [0.12K(80p; f1)*2 + 0.150,, by d

Via.cmin = (Vmin + 0.150,, )by, d

K=1+ 22 <
20 <

200

2170
=1.304
Vinin = 0.031K32fck 2

=0.031x1.30432x30!2
=0.253

Gep=0
Since the section at L=0 has not been designed for bending, but half reinforcement
is always available throughout.

Ast = 16084.954 /2

pl = % = 0.0124 < 0.02- Reinforcement ratio for longitudinal reinforcement

« p1=0.0124

~VRrae=[0.12%1.304% (80 x 0.0124 x 30)%33] x300%x2170
=311.652 kN
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And, VR4 =(Vmin+0.15ccp) Xbwd
=(0.253+0.15% 0) x 300x 2170
=164.518 kN

Maximum of Vrac & VRrd.c, min=311.652 kN
VErd =The design shear force at a cross-section resulting from external loading
=1930.485 kN

~Since Vi¢™> Vrd., shear reinforcement design is required

CALCULATION OF SHEAR REINFORCEMENT

By equating Vs and, Vi max We get

o 2V, )

1(_“YEa
st (acwbwzvlfcd
2

. _1( 2 X 1930.485 x 1000 )

S \TX 300 x 2109.388 x 0.542 x 0.446 X 30
2

~ 0=

=28.25°

~As per the code 21.8°<0<45°
Adopt 0=28.25°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=€STW X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2#113.09
1930.485x103

=199.97 mm

X 2109.388 x 434.78 x cot21.8°

=~ Provide spacing = 150 mm

check
Asw _ 226195

sxby,  150%300

=0.00503

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:

. _0.072xVfck_0.072xv30
**Pmin fyk 500

=0.00079 Since, pw> Pmin, (0K)

Hence provide 12mm 2- legged vertical stirrups at 150 mm c/c spacing.
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5.4. Design of cross girder:

5.4.1.Intermediate Cross Girder:

(I) Calculations of Dead Load

Dead load on Cross Beam Calculation
e Intensity of slab = 1.35 x 0.22 x 25 = 7.425 kN/m?
¢ Intensity of wearing coarse = 1.75 x 0.075 x 22 = 2.888kN/m?

Total load intensity = Intensity of slab + Intensity of wearing coat

=10.313 kN/m?

Here the load due to self-weight of slab and wearing coat will be distributed
between the cross girder and the longitudinal girder in accordance with the

trapezoidal distribution of the load on panel, as shown in figure below:

1625, ,—Longitudinal Girder

—Cross Girder

6500

10000
Fig: Contributory Area of Dead load on Intermediate Cross Girder

Load distribution from slab
Load on each cross girder =2 x % x 3.25 x 1.625 x 10.313 = 54.463 kN

Converting to UDL we get, Dead load from slab = 54.464/3.25
=16.758 kN/m
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Self-weight of cross girder = 1.35 x 0.3 x 25 x (1.725-0.22) = 15.23 kN/m
Total DL = 15.23 + 16.758 =31.996 kN/m

RA =RB=RC = mgiﬂ:@sm KN/m

32 kN/m

IIlllllll|l|l|l|l|ll|||llll|Illllll

69.32 kN 69.32 kN 69.32 kN
3250

1
A

(IT) Calculation of Live Load
Assuming intermediate cross girder as flexible beam it can be idealized as simply
supported beam.

CLASS 70R TRACK LOADING
To calculate the live load on the cross girder to have maximum bending moment

due to class 70R track vehicle, the load is placed symmetrically about the center

line of bridge as show in figure below

let us take the span which occupy half the track of 70R load as shown in figure

and a part of cross girder as the support

Track load, W=350 kN Length of track=4.57m
Equivalent UDL = 350/4.57 = 76.58 kN/m

Reaction calculation due to live load

Taking moment about 1
XM =0
Rz * 10 —76.59 *2.285/2=0
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R,=19.95 kN

Y F,=0

Ry + R —76.59 *2.285=0
R, =155.01 kN

Since the reaction calculated above is from half of the track load only, hence

multiplying by 2 to get the reaction for full length of the track
i.e., 155.015%2=310.03 kN.

It is actually the load acting on girder.

Calculating the reaction and finding the bending moment under the load to get the
maximum value of BM. Assuming that the cross girder has rigid reaction on each

longitudinal girder

Maximum LL bending moment under the load = 206.687x2.22 = 458.845 kNm

Maximum LL bending moment considering impact factor = 458.845x1.1
=504.730kNm

Maximum shear force due to LL=reaction at support=206.687 kN

Maximum shear force due to LL considering impact factor = 206.687*1.1
=227.356 kN

Maximum BM due to DL = 69.324%2.22-31.996%2.22%0.5%2.22

=75.055 KNm
Total design BM = BM due to DL+BM due to LL = 75.055 + 504.730*1.5

=832.150 KNm
Total design SF = SF due to DL+SF due to LL
=69.324 +227.356*1.5
=410.358 kN
Kerb [310.03 kN ~310.03 kN Kerb
L 1030 | 1030 L
R1 ' LR? R3

3250 g
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Fig: positioning of class 70R tracked load

ik
A,

CLASS 70R WHEELED LOADING

To calculate the live load on the cross girder to have maximum bending moment
due to class 70R wheeled vehicle, the load is placed symmetrically about the
center line of bridge as show in figure below:

Kerb ~85kN —85 kN Kerb

L - [ 1]
Lm I—Rz |~R3

2285 965 , 965 2285

fig: Positioning of 70R wheel load

In the case of 70R wheeled load the tyre dimensions are so small in comparison
with track of 70R track vehicle, so we assume that the total wheel load act as a
point load on the single girder.

Reactions

Assuming that the cross girder has rigid reaction on each longitudinal girder:

2%85

R=R, =R;= =56.67 kN
Maximum live load BM under the load = 56.67*2.285
=129.491 KNm

Maximum live load BM due to LL considering IF = 129.491%*1.12
=145.030 KNm
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Shear Force = 56.67 kN
Maximum SF due to LL considering IF = 56.67*1.12 = 63.470 kN
Maximum BM due to DL = 69.324*2.285-31.996*2.285%0.5*2.285
=74.876 KNm
Maximum SF due to DL= 69.324 kN
Total design BM = BM due to DL+BM due to LL
=74.876+145.030*%1.5
=292.421 kN/m
Total design SF = SF due to DL+SF due to LL
=69.324+63.470*1.5
=164.529 kN

CLASS A LOADING

To calculate the live load on the cross girder to have maximum bending moment
due to class

A vehicle, the load is placed symmetrically about the center line of bridge as

shown in figure below:

20000
]! :
38 S
wn
L
|
|
250 2
~N
)

fig: Positioning of class A load

Calculation of load acting on the cross girder:
Equivalent UDL corresponding to 57 kN load =57/0.25 = 228 kN/m

Taking moment about the 1, we get,
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M =0
R * 10 -228 * 0.1252=0
R>=0.178 kN

2 Fy=0
Ry +Ri—228*0.125=0
R; =28322kN

Since the reaction calculated above is from half of the track load only, hence
multiplying by 2 to get on the girder the reaction for full length of the track
i.e., 28.322%2=56.644 kN.

It is actually the load acting on cross girder.

Calculating the reaction and finding the bending moment under the load to get the
maximum value of BM Assuming that the cross girder has rigid reaction on each

longitudinal girder:

R, =R, = R, =22 75 555 kN
3
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Maximum LL bending moment under the load =75.525%0.6=45.315 KNm

Maximum LL bending moment considering impact factor and lane distribution
factor =45.315%1.125*2
=101.959 KNm
Maximum LL bending moment including FOS = 101.959*1.5
=152.938kN/m
Maximum shear force due to LL = reaction at support = 75.525 kN
Maximum shear force due to LL considering impact factor and lane distribution
factor = 75.525*1.125*2
=169.93 kN
Maximum Shear force including factor of safety = 169.93*1.5 = 254.897kN
Maximum BM due to DL = 69.324%0.6-31.996*0.6*0.5*0.6
=35.835 KNm
Maximum SF due to DL= 69.324 kN
Total design BM= BM due to DL + BM due to LL
=35.835 KNm +152.938 KNm
=188.773 KNm
Total design SF = SF due to DL+SF due to LL
=69.324 kKN+283.218 kN
=324.221 kN

Kerb |—57 kN |—57 kN |—57 kN |—57 kN Kerb

l_ ) 1800 600 | 600 , 1800 . L
R1 ' i ' R3

R2
3250 .

fig:Load acting on the cross girder

Table: Summary of design BM and SF:

IRC loading BM (kNm) SF (kN)
70R Track 832.150 410.358
70R wheel 292.421 164.529

Class A 188.773 324.221

117



As the bending moment and shear force for 70R tracked loading is more. The
design bending moment = 832.150 KNm
The design shear force = 410.358kN

5.4.2.Design of intermediate cross girder
Bending moment = 832.150 KNm

Shear force =410.358 kN

Section properties:

a) width of web(by)=300 mm
b) depth of flange (Df)= 220 mm
¢) Overall depth of beam (D) =1725 mm

Effective width of flange:
[IRC:112-2020 Clause: 7.6.1.2]

betr,;1 = 0.2xb; +0.1xL0<0.2xLo and <b;
=0.2x4.85 +0.1x3.25<0.2x3.25 and <4.85
=1.295<0.65and <4.85
=0.65m
beft2= 0.2xby +0.1xL0<0.2xLo and <b;
=0.2x4.85 + 0.1x3.25<=0.2%3 and<4.85
=1.295<0.65 and<4.85
=0.65m
beft =beft1 + befr2 thw<b
=0.65+0.65+03<b[b=>bl+b2+by]
=1.6zb

=1.6<10
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=1.6m

Hence, effective width of flange, befr = 1.6m

Clear cover=40mm

Let us provide 32 mm dia. bars

Effective depth, d = 1725-40--32—2 = 1669 mm=1.669m

Material properties

Concrete used: M30 (IRC 112-2020 Table 6.4)
Characteristic strength, fu= 30 N/mm?

axfck

Design compressive strength of concrete, foq= o [IRC:112-2020 clause
6.4.2.8]

a = 0.67

ym = 1.5

Design compressive strength of concrete, feq= Q.67xfck _ 26730 _ 1340

1.5 1.5

N/mm?

Steel used: Fe500

Yield Strength of Steel, f=500N/mm?

Design yield strength of steel, fye= fyx/1.15= 0.87fy = 434.783 N/mm?
Young’s Modulus of Elasticity, Es = 2x10°N/mm?

fyd _ 0.87+fy _ 0.87+500

Es Es 200000 =0.0218

Yield strain for steel (gya) =

Area factor (B1) = 0.810
CG factor(Bz) =0.416

Limiting strain on extreme compressed fiber of concrete(ecu2) = 0.0035

Calculation of Limiting Moment

Xiim =

_0.0035+1669
~ 0.0035+0.0218

feu__§[SP 105]

Ecuzt€yd

=1029.339 mm

CG from top = P2 X Xiim

=0.416 x 1029.339

119



=428.205 mm

For Web

Compressive force (C1) =1 X Fed X bw X Xiim

~0.810 X 13.40 X 300 X 1029.339
1000

=3349.748 kN
CG from steel level (z1) = d- B2 x Xiim = 1669 — 0.416 x 1029.339

=1240.795 mm

1240.795
1000

My, im1 = C x z =3349.748 x =4156.350 kNm

For Flange

Compressive force (Cz2) = Fea X (bett - bw) X Xiim

_13.40 X(1600— 300) X 220

1000
= 3832.400 kN
CG from steel level (z2) = d- Dz_f: 1669— 22—0
= 1559 mm
M tim2 = C X z = 3832.400 x —=2> = 5974.712 kNm

1000

Total compressive force, C = 3349.748 + 3832.400 = 7182.148 kN
Total limiting moment, Mu, lim = Mur, lim1 + Mur, lim2
=4156.305 +5974.712

=10131.062 kNm

Myrlim _ 10131.062x1000

CG of total compressive force from steel level =
7182.148

=1410.589 mm

. C 7182.148
Area of reinforcement, A4 = — = ———— = 16518.941 mm?
Fyq  434.783
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Using 32mm diameter bars

Area of each bar, Ao =1 X % = 804.258 mm?

A 16518.941
Number of bars = =£ =
4o 804.258

=20.540 =21

So, this section can take up to 10131.062 kNm with 21 number 32 mm dia bars.
Design of main reinforcement

Design Bending Moment, Mgq =832.150 kNm

Using IRC: SP: 105-2015 Clause 6.2 (B)

As Design bending moment is smaller than limiting bending moment, singly

reinforced can be designed

Assuming NA lies in a flange.

To find the actual neutral axis depth corresponding to Mgq
MEd = B1 X fea X ber X Xu % (d — B2 % Xu)

This, by solving becomes,

¢ \/( d )2 Meq
Y 2xB, 2xB, B1xB2Xbefrxfed

_ 1669 ( 1669 )2 832.150 x10°
Y 2x0.416 2X0.416 0.810%X0.416X1600X13.40

Xy =28.936 mm
Since Xu<Dg, NA lies in flange.
Area of tension reinforcement

A= ]f”—E;“Z with z=(d — B2 x Xu) = (1669 — 0.416 X 28.936) = 1656.964 mm
yd

832.150 x10°
Ag = =1155.092 mm?
434.783 x1656.964

Provide 32 mm diameter bar.
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Cross sectional area of each bar (A) = 804.248 mm?

) : A 1155.092
No of bar in tension = =£ =
A 804248

=1.44

Provide 2 number of bars of 32 mm diameter with area, = 1608.495 mm?

Check

As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

reinforcement shall not be less than that given by following:

As, min = 0.26 CSL’: bid but not less than 0.0013 bid
y

Here, For M30

fem= 2.5 [Table 6.5 of IRC: 112: 2020]
As, min = 0.26% 52?50 % 300%1669 but not less than 0.0013x300%1669

=650.91 mm? but not less than 650.91 mm?
= 650.91mm?

Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension

reinforcement shall not exceed:

As, max=0.025 A

As, max = 0.025% [(1725%300] = 12937.500 mm?
Ast, provided < As, max, OK

Design Of Shear Reinforcement
Design shear force, Vs =410.358 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Gewbywzvy —L9—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6
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Here,

VRrp, max =The design value of maximum shear force
acyw=1 for 6;,-0 (RCC)
Lever Arm(z) = (d — B2 % Xu) = (1669 —0.416 X 28.936)

=1656.964 mm

v; =0.6 (1 - %) is the strength reduction factor

fcd = 0-446fck

0=450
Now,
. _ fed
. VRd,max - aCWbWZUl cotO+tan 0
= 1% 300 X 1656.964 x 0.6 (1 — %) x —2tolek_

=1802.221 kN
And,
VRds=VNs=VEDpt+VeedtVie= VEp=410.358 kKN

Here,

For uniform cross section: Vecd=Vid=0
Vras =The design value of the shear force
Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the compression area,

in the case of an inclined compression chord

Vi =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < Vrdmax, the section is safe
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Allowable shear force without shear reinforcement: [IRC 112-2020 clause

10.3.2]

The design shear resistance of the member without shear reinforcement Vrd.cis
given by:

Via.c = [0.12K(80p; f1)°*® + 0.150,, b, d

VRa.cmin = (vmin + 0-1506p)bwd

K=1+ 2 <
/d <

200

1669
=1.346
Vinin = 0.031K32fck 2

=0.031x1.34632x3012
=0.265

Oep=0

pl = % = 0.0032 < 0.02- Reinforcement ratio for longitudinal reinforcement

W+

- p1=0.0032

~VRrae=[0.12%1.346% (80 X 0.0032 X 30)°33] x300x1669

=158.703 kN

And, Vrd.c=(Vmint0.15c¢cp) Xbwd
=(0.265+0.15% 0) x 300x 1669
=132.785 kN

Maximum of Vrac & VRrd.c, min=158.703 kN

VEeq =The design shear force at a cross-section resulting from external loading
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=400.501 kN
~Since VE¢™> VRrd., shear reinforcement design is required

Design of Shear Reinforcement

By equating Vns and, Vgg max We get

o 2V, )
1(__ 4YEd
0= St (acwbwzvlfcd
2
- ( 2 % 410.358 x 1000 )
SN \TX 300 x 1656.964 X 0.542 X 0.446 X 30

2
=6.521°

~As per the code 21.8°<0<45°

Adopt 6=21.8°

“Vrds=VNs=VED= ASTW X z X fywd X cotf

S=\‘Z—VDV X z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2+113.09
410.358x103

X 1656.964 X 434.78 X cot21.8°

=992.83 mm

-~ Provide spacing = 300 mm

check

Asw __ 226.195

= =0.00251
sxby  300%x300

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:
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. _ 0.072xVfck_0.072xV30
*+Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing

Side face reinforcement or skin reinforcement:

As=0.1% of web area (IS 456:200 cl 26.5.1.3)
As==-x 300 X (1725 — 220) = 451.5mm2

Let us provide 12mm dia. Bar for skin reinforcement.

No. ofbars—451'5 = 3.99

x122
4

Provide 4 bars of dia. 12 mm in the internal periphery of the beam

5.4.3 End cross girder

Load Calculation
Weight of slab = depth of slab*unit wt.*FOS
=(0.22*25%1.35

=7.425 KN/m?
Weight of wearing coat = Thickness*unit wt.*FOS
=0.075%22*1.75
=2.888 KN/m?
Total load from slab and wearing coat =7.425+2.888
=10.313 KN/m?

Total point load from slab and wearing coat =10.313 *area of 2 triangles
=10.213 * 2 *1/2 *1.6252
=27.233 KN

27.233
3.25

Equivalent UDL from slab and wearing coat =

=8.379 KN/m
Self-weight of cross girder=width*depth*unit wt.*Fos
=0.3*(1.725-0.22) *25*1.35
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=15.238 KN/m
Total UDL on cross girder=8.379+ 15.238
=22.617 KN/m

Let us assume, the load shared by each girder is same i.e., the girder is rigid

Hence reaction at each end point of girder:w =49.004KN

Maximum shear force due to DL= reaction at the support=49.004 KN

(Maximum bending moment for dead load is calculated at the same point for
which the bending moment due to live load will be maximum.)

22.61 kN/m

}\HHHHHHH\IIH\HHIHIHH‘

49 kN 49 kN 49 kN
3250
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Calculation of live load on cross girder:
Class 70R track loading;

To calculate the live load on the cross girder to have maximum bending moment
due to class 70R track vehicle, the load is placed symmetrically about the center

line of bridge as show in figure below:

Let us take the span which occupy half the track of 70R load as shown in red color

and a part of cross girder as the support.

Track load, W=350 KN

Length of track=4.57m

Equivalent UDL=jST(; =76.59KN/m

Reaction calculation due to live load

Taking moment about the 1, we get
2M=0

2.285

R>Xx10—-76.59%2.285% — 0
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199.95

R2: 10
R>=19.995 KN
SFy =0

Ry +R1 —76.59 x2.285 =0
R1=175.01 —19.995
R;=155.015 KN

Since the reaction calculated above is from half of the track load only, hence
multiplying by 2 to get the reaction for full length of the track i.e.
155.015%2=310.03 KN. It is actually the load acting on the girder.

Calculating the reaction and finding the bending moment under the load to get the

maximum value of BM. Assuming that the cross girder has rigid reaction on each

longitudinal girder:
Kerb (310.03 kN —310.03 kN Kerb
L 1030 | 1030 L
R1 ' LR R3
. 3250 -~
R =R =R; 22229 _ 906,687 kN

Maximum LL bending moment under the load=206.687%2.22=458.845 KNm
Maximum LL bending moment considering impact factor=458.845%*1.1

=504.730KNm
Maximum shear force due to LL=reaction at support=206.687KN

Maximum shear force due to LL considering impact factor=206.687*1.1

=227.356 KN

Maximum BM due to DL=49.004%2.22-22.617%2.22*2.22*0.5
=53.056 KNm
Total design BM=BM due to DL + BM due to LL
=53.056 KNm+504.730*1.5KNm
=810.151 KNm
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Total design SF=SF due to DL+SF due to LL
=49.004 KN+ 227.356*1.5KN
=390.038 KN

Class 70R wheeled loading:
To calculate the live load on the cross girder to have maximum bending moment
due to class 70R wheeled vehicle, the load is placed symmetrically about the

center line of bridge.

In the case of 70R wheeled load the tyre dimensions are so small in comparison
with track of 70R track vehicle, so we assume that the total wheel load act as a
point load on the single girder.

Reactions

Assuming that the cross girder has rigid reaction on each longitudinal girder:

Ri =R>=R; =222 = 56.67 kN

3

Kerb —85 kN —85 kN Kerb

[ ] = [ ]
I_R1 I—R?_ |—R3

965 , 965 2285

2285

fig: Positioning of 70R wheel load

Maximum live load BM under the load=56.67*2.285
=129.491 KNm
Maximum live load BM due to LL considering IF=129.491%*1.12
=145.030 KNm
Maximum SF due to LL considering IF=56.67*1.12
=63.470 KN
Maximum BM due to DL=49.004*2.285-22.617*2.285%2.285*0.5
=52.930 KNm
Maximum SF due to DL=49.004 KN
Total design BM=BM due to DL+BM due to LL
=52.930+145.030*1.5
=270.475 KNm
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Total design SF=SF due to DL+SF due to LL
=49.004+63.470*1.5

=144.209 KN

Class A loading:

To calculate the live load on the cross girder to have maximum bending moment
due to class A vehicle, the load is placed symmetrically about the center line of

bridge as show in figure below:

20000
o ' 2
d e o
wn
L
.
|
250 &
(8}
m

fig: Positioning of class A load

Calculation of load acting on the cross girder: Equivalent UDL

corresponding to 57 KN load =57/0.25=228 KN/m

Taking moment about the 1, we get
2M1=0

0125

Ro*10-228 *0.125 *T 0

R, = 1781
10
R2=0.178 kKN
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R, +R1 —228 x0.125=0
R1=28.5-0.178

R; =28.322 KN

Since the reaction calculated above is from half of the track load only, hence
multiplying by 2 to get the reaction for full length of the track i.e.,
28.322*%2=56.644 KN. It is actually the load coming on the girder.

56.288 KN 56.288 KN  56.288 KN 56.288 KN
kerb d/ \b \b d/ kerb
—1 0.750 1.800 045010450 1.800 0.750 =~
R1 R2 R3

Fig:Load acting on the cross girder
Calculating the reaction and finding the bending moment under the load to get the

maximum value of BM. Assuming that the cross girder has rigid reaction on each

longitudinal girder:
4%56.644

Ri=Ry=R3= =75.525 kN

Maximum LL bending moment under the load =75.525*0.6

=45.315 KNm
Maximum LL bending moment considering impact factor, LDF and FOS

=45.315%1.125*2*1.5
=152.938 KNm

Maximum shear force due to LL=reaction at support

=75.525 KN
Maximum shear force due to LL considering impact factor, lane distribution factor
and FOS
=75.525%*1.125%2*1.5
=254.896 KN

Maximum BM due to DL = 49.004*0.6-22.617 *0.6*0.6*0.5
=25.331 KNm
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Maximum SF due to DL=49.004 KN
Total design BM=BM due to DL + BM due to L
=25.331 kNm +152.938 kNm
=178.269 kNm
Total design SF =SF due to DL+SF due to LL
=49.004 KN+254.896KN
=303.900 KN
Table:Summary of design BM and SF

IRC loading BM KNm SF KN
70R Track 810.151 390.038
70R wheel 270.475 144.209
Class A 178.269 303.900

As the bending moment and shear force for 70R tracked loading is more.

The design bending moment = 8§10.151 kNm

The design shear force = 390.038kN

5.4.4.Design of end cross girder

Bending moment = 810.151KNm
Shear force = 390.038kN

Section properties:

width of web(bw)=300 mm
depth of flange (Df)= 220 mm
Overall depth of beam (D) =1725 mm

Effective width of flange:
[IRC:112-2020 Clause: 7.6.1.2]

betr,1 = 0.2xb; +0.1xL0<0.2xLo and <b;
=0.2x0 +0.1x3.25<0.2%x3.25 and <0
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= (0<0.65and <0
=0m
bett2 = 0.2xby +0.1xL0<0.2xLo and <b;
=0.2%4.85 + 0.1x3.25<=0.2x3 and<4.85
=1.295<0.65 and<4.85
=0.65 m
bett =berr1 + ber2 tbw <b
=0+ 0.65+03<b[b=bl +b2 +by]
=0.95<b
=0.95<10
=0.95m
Hence, effective width of flange, befr = 0.95 m
Clear cover=40mm

Let us provide 32mm dia. Bars

Effective depth, d = 1725—40—32—2 = 1669 mm=1.669m

Material properties

e Concrete used: M30 (IRC 112-2020 Table 6.4)
e Characteristic strength, fu= 30 N/mm?

e Design compressive strength of concrete, fcd—a;jfnc « [IRC:112-2020 clause
6.4.2.8]

e a=0.67

e ym=15

0.67xfck _ 0.67+30
15 15

e Design compressive strength of concrete, fea= =13.40

N/mm?
e Steel used: Fe500
e Yield Strength of Steel, fx=500N/mm?
e Design yield strength of steel, fyq= fyu/1.15= 0.87fy = 434.783 N/mm?

e Young’s Modulus of Elasticity, Es = 2x10°N/mm?
fyd _ 0.87+fy _ 0.87x500
Es  Es 200000

e Yield strain for steel (gyq) = =0.0218

e Area factor (B1) =0.810
e CG factor(B2) = 0.416
e Limiting strain on extreme compressed fiber of concrete(gcu2) = 0.0035
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Calculation of Limiting Moment

Xiim = —22—d [SP 105]

Ecuzt€yd

_ 0.0035%1669
= 0.0035+0.0218

=1029.339 mm

CG from top = P2 X Xiim
=0.416 x 1029.339
=428.205 mm

For Web

Compressive force (C1) = 1 X Feq X by X Xiim
~0.810 x 13.40 x 300 x 1029.339
B 1000

= 3349.748 kN
CG from steel level (z1) = d- B2 X Xiim = 1669 — 0.416 x 1029.339
=1240.795 mm

1240.795

My, iim1 = C X z=13349.748 x
1000

=4156.350 kNm

For Flange

Compressive force (Cz2) = Fea X (bett - bw) X Xiim

_13.40 X(950— 300) X 220
1000

=1916.2 kN

CG from steel level (z2) = d- DTf =1669— 22—0

= 1559 mm

1559
1000

Mur, im2 = C X z=1916.2 x =2987.396 kNm

Total compressive force, C =3349.748 + 1916.2 = 5265.948 kN
Total limiting moment, My, lim = Mur, tim1 + Mur, lim2
=4156.305 + 2987.396
=7143.706 kNm

Myrlim __ 7143.706 X1000

CG of total compressive force from steel level =
C 5265.958

=1356.585 mm

. C 5265.948
Area of reinforcement, A4 = — = ————=12111.681 mm?
Fyq  434.783
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Using 32mm diameter bars

2
Area of each bar, Ag =1 X % = 804.258 mm?

Number of bars = A _ 12111681 15.060 = 16
Ag 804.258

So, this section can take up to 12111.681 kNm with 16 number 32 mm dia bars.

Design of main reinforcement
Design Bending Moment, Mgq =810.151 kNm

Using IRC: SP: 105-2015 Clause 6.2 (B)

As Design bending moment is smaller than limiting bending moment, singly
reinforced can be designed

Assuming NA lies in a flange.
To find the actual neutral axis depth corresponding to Mg
Megd = B1 X feg X betr X Xu X (d — B2 X Xu)

This, by solving becomes,

X —_d \/( d )2 Meq
Y 2xp, 2xB; B1xB2Xbefrxfeq

¥, = 1669 ( 1669 )2 810.151 X106
Y 2x0.416 2X0.416 0.810X0.416X1600X13.40

Xu=47.670 mm

Since Xu<Ds, NA lies in flange.

Area of tension reinforcement

MEgq

Ag =
fdeZ

with z = (d - P2 x Xu) = (1669 — 0.416 x 47.670) = 1649.171 mm

810.151 X10°

Ay = =1129.869 mm?
434783 X1656.964

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

) : A 1129.869
No of bar in tension = =£ =
A 804248

=1.40

Provide 2 number of bars of 32 mm diameter with area, = 1608.495 mm?

Check

As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension
reinforcement shall not be less than that given by following:

As.min = 0.26 ’;ﬂ bd but not less than 0.0013 bed
vk
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Here, For M30
fem= 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% % % 300%1669 but not less than 0.0013x300%1669

=650.91 mm? but not less than 650.91 mm?
=650.91mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

As, max= 0.025% [(1725%300] = 12937.500 mm?
Ast, provided < As, max, OK

Design Of Shear Reinforcement

Design shear force, Vs =390.038 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vadmar = Qewbyzvy —2%9—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,

VRrp, max =The design value of maximum shear force
acw=1 for ;-0 (RCC)

Lever Arm(z)=(d — B2 x Xu) = (1669 — 0.416 X 47.670)
=1649.171 mm

v, = 0.6 (1 — %) is the strength reduction factor

fcd = 0-446fck

0=45°

Now,

. — fed

v VRd,max = Acwbw 2V, cot@+tan 6

= 1x 300 x 1649.171 x 0.6 (1 _ ﬂ) o 04467 ci

310 cot45+tan45

=1793.745 kN
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And,

VRras=VNs=VEDtVeedtVie= VEp-390.038 kN

Here,

For uniform cross section: Vecd=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd

Veed =Design value of the shear component of the force in the compression area,
in the case of an inclined compression chord

Vi =Design value of the shear component of the force in the tensile
reinforcement, in the case of an inclined tensile chord

~.Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2)

The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Vra.c = [0.12K(80p; f1)*® + 0.150., b, d

VRa.cmin = (vmin + 0-1506p)bwd

K =1+ /ﬂ<2
TS

_ ,200
=1+ 1669

=1.346

Vinin = 0.031K32fck 2
=0.031x1.34632x3012
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=0.265
Oep=0
A

pl = b—Std = 0.0032 < 0.02- Reinforcement ratio for longitudinal reinforcement

= p1=0.0032

~Vrae=[0.12%1.346% (80 X 0.0032 X 30)°33] x300x1669
=158.703 kN

And, Vrgc=(Vmin+0.15ccp) Xbwd
=(0.265+0.15% 0) x 300x 1669
=132.785 kN

Maximum of Vrgc & VRrd.c, min=158.703 kN

VEd =The design shear force at a cross-section resulting from external loading
=390.038 kN

~Since Ve¢™> Vrd., shear reinforcement design is required

Design of Shear Reinforcement IRC 112:2020 C110.3.3.1.-4

By equating Vns and, Vrg max We get

2V
VAR
acwbwzvlfcd

2

R —

sin_l( 2X390.038x1000 )
1X300X1649.171X0.542X0.446X30

2

=6.233°

~As per the code 21.8°<0<45°
Adopt 6=21.8°

#VRa=Vrs=Vep= == X z X fywd X cot®
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Asw
=vep X Z X fywd X cotf

Provide 2 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 2%113.09
390.038x103

=1039.64 mm

X 1649.171 X 434.78 X cot21.8°

=~ Provide spacing = 300 mm

check

Asw _ 226195
sxby,  300%300

Shear reinforcement ratio py= =0.00251

Minimum shear reinforcement ratio:

. _ 0.072xVfck_0.072xV30
**Pmin fyk 500

=0.00079 Since, pw> Pmin, (0K)

Hence provide 12mm 2- legged vertical stirrups at 300mm c/c spacing

Side face reinforcement or skin reinforcement:

As= 0.1% of web area(IS 456:200 cl 26.5.1.3)
As== X 300 X (1725 — 220) = 451.5mm2
Let us provide 12mm dia. Bar for skin reinforcement.

No. of bars=—2%> — 3.99

mx122
4
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Provide 4 bars of dia. 12 mm in the internal periphery of the beam.

5.5. Design of Elastomeric Bearing

For the design, loads has been assessed and then for the critical load combinations

of the calculated loads, bearings has been designed.
5.5.1. Calculation of Loads on bearing

Dead Load from Superstructure

Weight of Wearing Coat =22 x 7.5 x 0.1 x 30 x 1.75
=866.25kN

4x6.19x981 x30x1.35%x2

Weight of Railing bar = 1000

=19.68kN
Weight of railing post =16 x 0.2 x 0.2 x 1.1 x 25 x 1.35 x 2 =47.52kN
Weight of Kerb = 1.35 x 2x 20 x 1.75 x 0.225 x 25 x 30 = 797.34kN
Weight of Slab =30 x 0.22 x 6.8 x 25 x 1.35 = 1514.7kN

Weight of Cantilever Slab = 1.35%2 [0.15 x 2.1 + (0.32 — 0.15) x 0.5 x 2.1] x
25x%30

=999.3375kN
Weight of fillet = 1.35 x4 x 0.5 x 0.1 x 0.15 x 30 x 25 =30.375kN
Weight of Main girder
Web part =1.83 x 0.3 x 25 x 3 x 30 = 1235.25KN
Bulb part = ((0.7 X 0.25) + (0.2 x 0.15)) x 25 x 3 x 30 =461.25kN

140



Weight of Cross girder
End Cross Girder =2 x 1.505 x 0.3 x 5.9 x 25 =133.1925kN
Intermediate Cross Girder =2 x 1.505 x 0.3 x 5.9 x 25 =133.1925kN

Total Dead Load from Superstructure (W) = 6238.088kN

, 6238.088
Dead load from Superstructure on a Bearing = B —— 1039.681kN

Dead load from superstructure without partial safety factor

_ 6238.088 —866.25 866.25

+ =4474.
135 175 4474.139kN

Dead load from superstructure without partial safety factor on a bearing

4474.139
B 745.139kN

Minimum possible dead load from superstructure (without considering wearing
course) on a bearing

_ 6238.088 — 866.25
B 6

=895.3063kN

Minimum possible dead load from superstructure (without considering wearing
course) without partial safety factor on a bearing

©895.306

135 =663.19kN

Live Load from Superstructure

Maximum live load on a bearing = Maximum reaction of a main girder
=1204.990/1.5
=803.32 kN

Load due to Braking Effect

Braking Load= 0.2x 1000 =200 KN
Horizontal braking effort on each main girder = e 33.33kN

Braking load acts at 1.2 m above wearing course (Clause 211.3 IRC 06: 2017).

Point of application of braking load = 1.2+0.075+2.3 =3.575 m
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33.33 x 3.575

Vertical reaction on a bearing due to braking load = BT 7.94 kN

Wind Load

Wind load in transverse direction of Bridge (Fy) =Pz x A x G x Cp,
Height of bridge < 10.0 m
From Table 5, IRC 06: 2017,
For plain terrain and basic wind 33.0 m/s,
V;=27.8 m/s
P, =463.7 N/m?
From NBC 104,
Basic wind speed = 47 m/s

Then,

v 27 27.8=39.59 m/
= — X =
7 33 . . m/S
47

P, =463.7 x (g)2 =940.6 N/m?
Pressure has been increased by 20% for funneling effect (Note 5 of Clause 209.2,
IRC 06: 2017)
P, =1.2 % 940.6 = 1128.72 N/m?
Gust factor, G =2 for span up to 150 m (Clause 209.3.3, IRC 06: 2017)
For single beam (Clause 209.3.3, IRC 06: 2014)

Cp=13forB/D>6

Cp=15forB/D<2

Cp =1.361 for B/D =4.783

209.3.3, IRC 06: For Combined effect of multiple beams Cp, combined = 1.5 x 1.361
=2.04

Transverse area of bridge, A = Area of girder + Area of RC post + Area of railing

= 30 x (2.3+0.225) + 16x0.2x1.1 + (30-15x0.2) x
0.05x3

142



=83.32m?

Fay = 1128.72 x 83.32 x 2 x 2.04 = 383.95kN

T . 383.95
Fy per bearing = - 63.992kN

Wind Load in Longitudinal direction of Bridge, F% = 0.25 x Fyy (Clause 209.3.6,
IRC 06: 2017)

=0.25 x 383.95
=95.99kN

L . 95.99
Fyw per bearing = - 15.998kN

Wind load in Vertical direction of bridge;
Plan area = 30 x 11 =330 m?
Fy =P, x AxGxC
Where, Lift coefficient, C; = 0.75 (Clause 209.3.5, IRC 06: 2017)

Fy = 940.6 x 330 x 2 x 0.75 = 465.597kN

465.597

Fy per bearing= =77.6kN

Seismic Load

From Clause 218.5.1, IRC 06: 2017

. Z 1 5,
Seismic load= — % — x—x W
2 R g

Where, Z = zone factor = 0.35 as per Geotechnical report
I = Importance factor = 1 for normal bridge (Clause 218.5.1.1, IRC 06: 2017)
R = Response reduction factor = 2 (Table 20, IRC 06: 2017)

— = average response acceleration coefficient
For 5% damping of RCC structure,

Sa

E: 2.5 (Clause 218.5.1, IRC 06: 2017)

For Longitudinal direction
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WL = dead load from superstructure (without considering partial safety
factor)

=4474.139kN

Effective seismic load towards longitudinal direction,

0.36

L:
D)

1
* 2 x 2.5 x4474.139 =2013.36 kN

. 2013.36
FS, per bearing ™~ 3 =335.56 kN

For Transverse direction

Wr = dead load from superstructure + 0.2 x LL (Clause 219.5.2, IRC 06:
2014)

=4474.139 + 200 = 4674.139 kN

Effective seismic load towards transverse direction,

. 035 1
S = 5 * 5 X 2.5x4674.139=2103.36 kN
T 2103.36

FS, per bearing ™ 3 =350.56 kN

Vertical reaction on support due to seismic load
Vertical reaction on bearing when seismic force is along longitudinal direction
VL -
FS, Per bearing ™ 31.32 kN
Vertical reaction on bearing when seismic force is along transverse direction

Fg,TPer bearing =226.52 kN

Load due to Temperature variation, Creep and Shrinkage effect
For common reinforced concrete bridge deck, the longitudinal strain due to
temperature variation, creep and shrinkage is 5*10.

Horizontal load due to creep, shrinkage and temperature has been distributed to
expansion bearing only.

Horizontal deformation of bearing, A = 5*10** x 30000 = 15 mm.
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Shear modulus of elastomeric bearing, G = 1 N/mm? (Clause 4.2.1, IRC 83: 2018
(part 1))

Approximate minimum height of bearing, ho = 64.0 mm
Approximate size of bearing = 350 mm x 500 mm

Maximum horizontal force on a bearing,

F A *G XA
= X
CST 2h0

= * * - - =
Fest = 55 gz ™ 1% (350 - 12) x (500 - 12) = 19.33kN

5.5.2. Working Stress Method of Analysis

Loads and their combination (Table B.2, IRC 06: 2014)

Only longitudinal movement of bridge has been allowed and transverse movement
has been restricted by providing seismic stopper blocks. So, the bearing has been
designed for loads in longitudinal direction only.

Combination I [N]:

Total vertical load = DLgyp+ LL + Fpr v
=1556.958 kN

Total horizontal load = 0

Combination II (A) [N+T]:

Total vertical load = DLsup+ LL + Fu;Y
=1634.558kN
Total horizontal load = Fp,' + Fest

= 68.662 kN

Combination I1I (A) [N+T+W]:

Total vertical load = DLgyp + LL + Fi¥ + Fy,Y

=941.646 kKN

145



Total horizontal load = Fp ™+ Fest + Fwt

=371.56 kN

Combination VI [N+T+S]:

Total vertical load = DLgup +0.2LL + 0.5FuY + Fy"
=941.65 kN
Total horizontal load = 0.5Fy 1+ Fcst + Fwr

=371.56 kN

Design of Bearing without Pin: - Based on IRC 83: 1987 (Part II)

Among four combinations of load, vertical load has been found maximum for
combination III. So, design has been carried out considering loads from
Combination III and then designed bearing is checked for other cases as per
requirements.

Nuin= 745.69kN (Dead load without wearing course)

Nyax= 1634.558 kN

Hypax = 68.66 kKN

From Table Bl (Annexure B) of IRC 83: 2018 (Part II), laminated bearing with
following dimensions is chosen:

Length, b= 500.0 mm

Width, a = 350.0 mm

Thickness of steel plate, hs = 4.0 mm

Thickness of middle elastomer layer, h;i = 12.0 mm

Thickness of elastomer layer at top and bottom, he = 6.0 mm
Number of steel plate =4

Number of middle elastomer layer = 3

Total thickness of elastomer layer, h=3 X 12+ 2 x 6 =48.0 mm
~ Total height of bearing, ho =3 x 12+ 4 x4 +2 x 6 = 64.0 mm
Provide 6.0 mm gap on either side of elastomer.

So,

Effective length, b’ = (500 — 2 x 6) = 488.0 mm

Effective width, a’ = (350 — 2 x 6) = 338.0 mm

Effective area of bearing, A1 =488 x 338 = 164944 mm?
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Check for Geometry

i b—500—143<2(OK)
350

350
5

=70>h =50 mm (OK)

wn| o

i)

i) — —350—35<h—50 (OK)
i) 0" 10 =50 mm

Ay

iv) Shape factor, S = ————
2hi X (a +b )

oo 164944
2% 12 % (338 +488)

=8.32>6 & <12 (OK)

Check for Bearing Pressure

Bearing pressure < Allowable bearing pressure

Maximum verticla load B 1634.558 x 1000

=9.91 N/mm?
Bearing area 164944 fm

Bearing pressure, g, =

’A
Allowable bearing pressure = 0.25 x f-x x A—l =0.25x30 x 2 =15 N/mm?
2

/A
(as per IS 456:2000, A—l is limited to 2)
2

Here, Allowable bearing pressure > Bearing pressure.

Hence, OK.

Check for translation

A
Ya= T + de§0.7
Where,

Ay : : . -
Td = Shear strain per bearing due to shrinkage, creep and temperature variation
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Apy 5% 107 x —30200
- = =0.15625

_H 53795 %1000
Tmd™ NG T 488 x338x1

A
¥y = % + 1,0=0.15625 + 0.416 = 0.572 < 0.7 (OK)

Check for rotation
Design rotation in bearing
— oDLy oLL
Xy g =g T X < PNy pax

400 X My pr X L x 107 . 400 X My 1 X L x 107
- 0.5 x El,, Ely

6 6
400 % —7835'1531; 10 30000 x 10° 400 —9“6"{95“ 107 30000 x 107

+
0.5 x 5000 x /30 x 8.873 x 10'! 5000 x /30 x 8.873 x 10'!

=0.00834129

0.5 % 6, x h;  0.5% 10 % 12

T~ = > =0.002564
axs 3388 x 8.32

Xpi Max =
(oM =10 MPa as per clause 916.3.5 of IRC 83: 1987 part (II))
Bncy; pax= 0.99 x 4 x 0.002564 = 0.01064

Ky g < PG pax (OK)

Check for Friction

74 02+0.10,

02+0.16,=0.2+0.1x10.42

= 1.241> 0.482 (OK)
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Check for total shear stress
Total shear stress
T+ 1, 7, <5 MPa

Where,

8.32

T, = shear stress due to axial compression =1.5 ?m =1.5x = 1.786 N/mm?

T, = shear stress due to horizontal deformation = y = 0.572 N/mm?

Y

2
) X Xpi Max

| o

T, = shear stress due to rotation = 0.5 x (

=

488\?
=0.5 x ( E) x 0.00256 = 1.01 N/mm?

-~ 1.87+ 0.572+ 1.017 = 3.367 N/mm? < 5 MPa (OK)
5.5.3. Limit State Design Method

Bearing without Pin

Loads and their combination (Table B.2, IRC 06: 2017)

(a) Basic Combination

Total Vertical load = 1.35DL + 1.75WC + 1.5LL + 1.5Fy, + 1.15FY
=1039.68+ 803.32 + 1.5 x 77.6 + 1.15 x 7.94
=2370.2 kN

Total horizontal load along longitudinal direction=1.5 Fegr =1.5 x 19.32
=28.994kN

Total horizontal load along Transverse direction = 0.0 (bearing without pin has

been assumed not to take transverse load)

(b) Seismic Combination

Total Vertical load due to seismicity along longitudinal direction

=1.35DL + 1.75WC + 0.2LL + 1.5F¢" + 0.2Fy-
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=1039.68 +44.63 + 1.5 x31.31 +0.2 x 7.94
=1248.91 kN
Total Vertical load due to seismicity along transverse direction
=1.35DL + 1.75WC + 0.2LL + 1.5F¢" + 0.2Fy
=1039.68 +44.63 + 1.5 x 226.51 + 0.2 x 7.94
=1541.71 kN
Total horizontal load along longitudinal direction = Fcgr = 19.33kN

Total horizontal load along Transverse direction = 0.0 (bearing without pin has

been assumed not to take transverse load)

Design of Bearing: - Based on IRC 83: 2018 (Part II)

Nyiin= 1039.68kN
Nygox= 2370.2 kN
Hyae= 1.5 x 19.33 = 28.994kN

From Table Bl (Annexure B) of IRC 83: 2018 (Part II), laminated bearing with

following dimensions has been chosen:

Length, b= 500.0 mm

Width, a = 350.0 mm

Thickness of steel plate, hs = 4.0 mm

Thickness of middle elastomer layer, h; = 12.0 mm

Thickness of elastomer layer at top and bottom, he = 6.0 mm
Number of steel plate = 4

Number of middle elastomer layer = 3

Total thickness of elastomer layer, h=3 X 12+ 2 x 6 =48.0 mm

~ Total height of bearing, ho =3 x 12 +4 x4+ 2 X 6 = 64.0 mm
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Provide 6.0 mm gap on either side of elastomer.

So,
Effective length, b’ = (500 — 2 x 6) = 488.0 mm
Effective width, a’ = (350 — 2 x 6) = 338.0 mm

Effective area of bearing, A; = 388 x 288 = 164944 mm?.

Check for Geometry
j 2 = 29 =1.33<2 (OK)
300
..a 300
i) 3= 35 =60>h =50 mm (OK)
i) — —300—30<h—50 (OK)
i) 0" T0 =50 mm

Ay

iv) Shape factor, S = 1 (Clause 5.1.3.1 IRC 83:2018 (Part II)

p X G
Where, I[p=2 x (2’ +b’)=2 x (388 + 488) = 1652 mm

2x14xht4xh  2x14x6+4x12

te = = =12.96
¢ total number of layers 3+2 i
_ Lo =77>6&<12 (0K
1652 x 1296 (OK)
Check for Bearing Pressure
Bearing pressure < Allowable bearing pressure
. Maximum vertical load 237 .2x 1000 )
Bearing pressure = = =14.37 N/mm

Bearing area 164944

’A
Allowable bearing pressure = 0.45 x fx x A—l =0.45x30 x2 =27 N/mm?
2

’A
(as per IS 456:2000, A—l is limited to 2)
2

Here, Allowable bearing pressure > Bearing pressure. (Hence, OK.)
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Check for Basic Design Requirements

a. Maximum design strain (Clause 5.1.3, IRC 83: 2018 (part II))

Euk

8t,d = I<L (gc,d+ gq,d+ Sa,d) < 8u,d =
m

Where, K = 1, is type loading factor

&4 = Strain due to compressive design load (Clause 5.1.3.2, IRC 83:2018
(Part I1))

€44 = Strain due to shear (Clause 5.1.3.3, IRC 83:2018 (Part II))
€44 = Strain due to angular rotation (Clause 5.1.3.4, IRC 83:2018 (Part II))

gk =7 (Note 1 of Clause 5.1.3) and y, =1

e Strain due to Compressive design load
 1L5xFz4
bd” Gx A, xS

Where, Fz d = Maximum vertical load = 2370.2 kN
G = Shear modulus of elasticity of elastomer, generally taken as 1.0 N/mm?
S = Shape factor

A: = Reduced effective plan area due to the loading effects given by,

V, \Y%
Ar=A1X<1- :d-L:d)
a b
Maximum horizontal load in the direction of a
Vx d: X
’ G x A
~28.994 < 1000
1 x 164944
=8.4375 mm

Similarly, Vy 4= 0
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8.44
A, = 164944 x (1 " 338 -0>= 160826.5 mm?

_15%23702x1000
fed T TX 1608265 x 7.7 ol mm

) Strain due to shear

2 2
Vid NVR4C Voo v, 844
4 = xd 0176 mm < 1 (OK)

€ 4= =
T T, T, 48

e Strain due to angular rotation

!

a'? x g gt b'? x o<y g
8 =
o,d 2 % Z tiz

*ti

Where, & 4= 0 as there is no rotation along longitudinal axis
— oDLL LL
X, g =g+ Kg

400 X Myjay p X 1% 107 N 400 X Mgy 1 * 1% 107
- 0.5 x El El,,

400 x 7835.75 x 10° x 30000 x 107 N 400 x 9116.496 x 10° x 30000 x 10
0.5 x 5000 x /30 x 8.873 x 10'! 5000 x /30 x 8.873 x 10'!

=0.01167
So,

3387 x0.01167 +488> x 0

fud = x 12 =1.424
S (@B x 122 +2%6%)

Now,
e.a = Ki (€eat €qat €ad)
=1x(2.87 +0.176 + 1.424)
= 4.469 < &, 4= 7 (OK)

b. Reinforcing plate thickness (Clause 5.1.3.5, IRC 83: 2018 (part II))
_ Ky x Fzqx (t+t) XKy <y,
A x A,

tS
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Where, K, = Stress correction factor = 1.3
t; and t; are the thickness of elastomer layer on either side of the plate
fy = yield stress of the steel = 250.0 N/mm?

Ky = factor for induced tensile stresses in reinforcing plate whose value is given

as,
Without holes: Ky =1
So, for elastomer without holes

o 1.3 x 2370.2 x 1000 x (12+12) x 1 x 1
s 160826.5 x 250

=1.84 mm < 3.0 mm so 4mm adopted.

c. Limiting conditions (Clause 5.1.3.6, IRC 83: 2018 (part 1))
i. Rotational limitation condition
For laminated rectangular bearing

a'x o6, g+ b x o g
ZVZ’U" K =
T, d

Where,
K, ¢ =3 (Clause 5.1.3.6, IRC 83:2018 (Part IT))
X V7 qis vertical deflection

From Clause 5.1.3.7, IRC 83: 2018 (Part II),

YFzax t 1
D Vaam SR 1
1 5xGxS*+

Ebearing

Epearing 18 given in Note-1of same clause as 2000 N/mm?

2370.2 x 1000 x 48 1
Z,d= x
Z : 146944 2, 1
321X TT 3000
=2.24 mm
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Now,

K: 4 ' 3

a'x o, 4+ b x o g 338 x 0.01224 + 488 x 0
ZV“- ’ 4 _945.

=1.01>0.0 (OK)

ii. Buckling stability
For laminated rectangular bearing

Fra_2xaxGxS
A, 3 x T,

2370.2 x 1000 _ 2 x 388 x1x77
160826.5 3 x 48

Or,

i.e., 14.74 <36.166 (OK)

ii. Non sliding condition
ny, d < He X Fz, d Min
Where, Fxy,da = 28.994 kN

F2, amin 1s the minimum value of dead load from superstructure. As rubber has the
unique property that it behaves differently below certain minimum load, F;, 4 min

has been taken as DL without considering wearing course, i.c.,

Fz, amin = 895.31kN

K¢
H= 0.1+1.5x a

K¢= 0.6 for concrete

3 Force_ 895.31 x 1000
°m™ Area  160826.5

= 5.57N/mm?

Then,

0.6
=0.1+15x

5.57=0.262

M, % Fy qpin= 0.3 x 488.72 = 234.27kN

Here,
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Fry.a =28.994 <p_x F, g yn= 234.27kN

Hence, OK.

6.Abutment

6.1. Calculation of Loads on Abutment

6.1.1. Unfactored Dead Load from Superstructure
Weight of Wearing Coat =22 x 7.5 x 0.1 x 30
=495 kN

4x6.19 x9.81 x30 x2
1000

Weight of Railing bar =

=14.57 kN
Weight of railing post =16 x 0.2 x 0.2 x 1.1 x 25 x 2 =352 kN
Weight of Kerb = 2% 1.75 x 0.225 x 25 x 30 =590.625 kN
Weight of Slab =30 x 0.22 x 6.8 x 25 =1122 kN
Weight of Cantilever Slab =2 [0.15 x 2.1 +(0.32-0.15) x 0.5 x 2.1] x 25%30
=740.24 kN

Weight of fillet =4 x 0.5 x 0.1 x 0.15 x 30 x 25 =22.5 kN
Weight of Main girder

Web part =915 KN

Bulb part =341.667 kN
Weight of Cross girder

End Cross Girder =98.66 kN

Intermediate Cross Girder = 99.66 kN
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Total Dead Load from Superstructure (W) =4474.139 kN
Reaction Due to above loads: -

Slab and Cross-girder = 2082.072/2 = 1041 kN

Main Girder = 1256.66/2 = 628.33 kN

Railing Post and Railing Bar = 49.77/2 = 24.9 kN

Kerb =590.62/2 = 295.3 kN

Surfacing = 495/2 = 247 kN

Total reaction = 2273.1 kN

6.1.2. Unfactored Live Load from Superstructure

4.57
[pee——————
153.173 kN/m

= 0.847

30

Reaction at A due to Class70R(Track) vehicle=1/2x4.57x(1+0.848)
x153.173*1.1

=357.56 kN

170kN 170kN 170kN 170kN 120kN 120kN 80kN
1370 3050 1370) 2130 11520 3960

852
222 |
807
736
122
685
—
553
==

954
a——

30000

Reaction at A due to Class70R(Wheeled) vehicle
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—[170x(14+0.9543+0.8526+0.807) + 120x(0.736+0.6853) + 80x0.5533]
*1.12

114kN 114kN B68kN B68kN 68kN 68kN
200 4300 3000 3000 3000
o ~ ~
=1 9 b} ) 5 ~
LI { S N Y
~J

30000

SF (Class A) = [114x(1+0.96) + 68x(0.8166+0.7167+0.6167+0.5167) *1.125
)

=803.32 KN

6.1.3. Summary Live Load Reaction

Class 70R Track = 357.56 kN
Class 70R Wheeled = 474.58 kN
Class A =803.32 kN

Maximum Reaction = 803.32 kN

6.2. Design of Abutment

6.2.1. Material and Properties:

Grade of Concrete = M30
Characteristic strength(fck) = 30N/mm?
Reinforcement =Fe500

Yield stress of steel(fy) = 500N/mm?
Unit weight of materials as per IRC:6-2017:

Concrete (Reinforced) = 25kN/m?
Backfill = 20kN/m?

158



6.2.2. Bridge Geometry

Superstructure Geometry = 2.30m

Bearing Height = 0.150+0.064 = 0.214m (including pedestal)

6.2.3. Abutment Geometry

o™ et

BO0

1480

410

Total Height = 7.49m(up to pile cap)
Wearing Course Height = 0.075m
Height of Backwall = Height of superstructure + Wearing Course Height
+Bearing Height
=2.3+0.075+0.214
=2.589m
Width of abutment =11m
Backwall Width = 0.3m
Cap Height = 0.8m
Stem Height = Total Height-Height of Backwall-Cap Height
=7.49-2.589-0.8

159



=4.101lm
Stem Width = 1.2m
Approach Slab depth = 0.3m
Approach Slab Length = 3.5m
Cap Width = Stem Width+ stem hunch + Projection (0.05m)
=1.2+0.35+0.05
=1.6m
Distance from back wall to bearing center = 0.65m
Distance from edge to bearing center = Cap Width - Backwall Width - Distance
from backwall to bearing center
=1.6-0.65-0.3
=0.65m

6.2.4. Calculation of Loads

8.2.4.1. Load from self-weight of abutment and moment at base of stem Stem
=Stem Height*Stem Width*Width of abutment*Unit weight of concrete
=4.101*1.2*%11*25
=1353.33kN
Lever Arm =0
DL of Cap = Cap Height*Cap Width*Width of abutment*Unit weight of concrete
=0.8%1.6*11*25
=352.00kN
Lever Arm = (1.6/2 - 1.2/2) =0.2
Backwall = Backwall Height*Backwall Width*Width of abutment*Unit weight of

concrete
=2.589*0.3*11*25
=213.59kN
Lever Arm = (-1.2/2) + 0.3/2 - 0.35 =-0.8m
Component Wt.(kN) Distance from | Moment
center of base
Stem 1353.33 0.000 0.000
Cap 352.00 0.200 70.40
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Back wall 213.59 -0.800 -170.87
Total 1918.92 -100.47

8.2.4.2. Load form superstructure
Dead Load =Weight of slab/Cross girder +Weight of Girder + Weight of
railing + Weight of footpath
=1102.6 + 848.25 +24.9 + 295.3
=2271.0kN
Lever Arm = -(0.35+1.2/2) + (0.3+0.65) = 0.00m
Surface Load = 247.5kN
Lever Arm = -(0.35+1.2/2) + (0.34+0.65) =0.00m
Live load = Maximum load among all vehicles + Pedestrian load
=803.32+0.00 = 803.32
Lever Arm = -(0.35+1.2/2) + (0.3+0.65) = 0.00m

DL 2271.0 0.00 0.00
Surface 247.5 0.00 0.00
LL 803.32 0.00 0.00
8.2.4.3.Earth Pressure

d =35°

B=0°

oa=0°

& =22.50° (2/3 of @)
y =20 kN/m?

Term] = cos*(® - a) =0.671

Term2 = cos*(a)cos(8+a) = 0.924
Term3 = sin (®+ 9) sin (D- B) = 0.484
Term4 = cos (a- B) cos (6+ o) =0.924
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Terml / 1 \
= *
Term?2 \ Term3 /
1+ Term4
K.=0.244
h = Total Height - Approach Slab depth
=749-03
=7.19m

Earth pressure = y* K,*h
=20%*0.244 *7.19
= 35.16kN/m?
Total Force = 0.5*Pressure*Height*Width of abutment
=0.5%35.16%7.19*11
=1390.29kN acts @0.42h i.e. 3.020m for dry soil from base
Horizontal Force =1390.29*cos ()
=1390.29*cos (22.5)
=1284.46kN acts @ 0.42h i.e. 3.020m for dry soil from

base
Vertical Force =1390.29%sin ()
=1390.29%*sin (22.5)
=532.04kN acts @ (-1.2/2= -0.6m from stem center)
Force 1y A m) | M (KNm)
(KN)
(EP h) = 1284.46 |3.020 3878.82
(FPv)= 532.04 -0.6 -319.22
8.2.4.4.Braking load

Weight of 70R wheeled vehicle = 1000kN
Weight of Class A train of vehicle = 554kN

Point of application of load = 1.2m above deck

Lane

Factor

Force(kN)

0.2

200.0
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1 0.2 110.8

Braking load = 200 kN
Lever arm = Point of application of load from deck slab + height of bridge deck +
bearing height

=12+ 2.3 +0.064

=3.564 m

Moment = braking load * lever arm
=200 * 3.564
=995.2 kNm

Here total length of class A vehicle is 20.3m and minimum spacing between two
is 18.5m. (38.8>30) m. So, factor of 10% is not taken only 20% taken.

8.4.5. Temperature
Temperature variation =30 °C
Coefficient Of thermal expansion(a) = 0.000012m/ °C / m
Length =30m
Strain due to shrinkage = 0.0002(IRC6)
Thermal Elongation = 30*0.0000120*30
=0.0108m
Shrinkage Elongation = 30*0.00020
=0.006m
Total strain due to temp. and shrinkage = 0.5*(0.0108+0.006)
=0.0084m
Shear Rating of elastomer bearing = 1000 KN/m/m?
Shear modulus of elastomeric bearing = 1.1(IRC. 83 part II)
Area of bearing = 0.175m?
Height of bearing = 0.064m (subtracting all plates)
No. of bearing =3
Force = 1.1*0.0084*1000*0.175/0.064
=25.26kN
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Lever arm = Bearing Height+ Cap Height + Stem Height
=0.064+0.8+4.101
=5.1lm

Force on each abutment = 75.8 kN

Moment = 75.8 * 5.11 = 387.701kNm

8.4.6.LL Surcharge
Ka=0.244
Height(h) = 1.2m
y = 20kN/m?
Pressure = y* Ky*h
=20%0.244*1.2
=5 .868kN/m?
Force = Pressure*(Total Height - Approach Slab Depth) *Width of
abutment
= 5.868*(7.49-0.3) *11
=464.07kN
Lever arm = Total Height/2 = 7.49/2 = 3.74m
Moment = 464.07 * 3.74 = 1737.96 kNm

8.4.7. Seismic Loads
Zone Factor = 0.36
Imp Factor =1

Response Reduction Factor = 3

Sa/g=2.5

Z S, 0.36

—x [ x— = *1.2%2.5 =045
2 g 2

An=0.45/3=0.15
This term ‘Ay’ is multiplied with the weight and horizontal seismic force is
determined. Lever arm is taken in the direction of height of abutment

accordingly moment is determined. Calculation is tabulated below:

1. Abutment Self Load
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Component | Wt.(kN) Horizontal Lever Moment(kNm)
force(kN) arm(m)

Stem 1353.33 203.00 2.05 416.25

Cap 352.00 52.8 4.501 237.65

Back wall 213.59 32.038 6.19 198.49

Total 287.84 852.40

ii. Superstructure Dead Load

Weight =2518.52kN

Horizontal Force = 2518.52 * 0.15=377.78

Lever arm = 6.65m

Moment = 2511.60kNm

Here, live load is not taken according to Clause 219.5.2(I) of IRC:6-

2017

iil. Due to backfill
@ =35°

p=0°

a=0°

0 =22.50° (2/3 of @)
y =20 kN/m?
Apn=0.15
Av=12/3*0.15=0.1

A =tan~! (<22 )= tan~1 222 — 0,165 rad
1A, 1£0.12
2
_ (1£A)cos?(@— 21— a) 1 w
05

27 coshcos?(a)cos(8 + o + 1) i sin(@ + 8) sin(@ — B — A)
\1 + (cos(a —B) cos(6 + o+ 7\) /

Ca=0.391
Ca-Ka =0.391 - 0.244 = 0.146
Height (h) =7.19m
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Width of abutment (B) = 11m
Earth Pressure Seismic = y*(Ca-Ka) *h
=20%0.146*7.19
=21.05kN/m2
Seismic force due to backfill = 0.5%21.05*7.19*11
= 832.52kN

Lever arm = 7.19/2

=3.59m

Moment = 832.52 * 3.59 = 2992.91 kNm

1v.

Dynamic Surcharge

Force = y*(Ca-Ka) *h * Height of abutment * Width of abutment
=20%0.146*1.2*¥7.19*11

Lever arm = Height of abutment/2 = 7.49/2 = 3.74m

=277.89kN

Moment =277.79 * 3.74 = 1040.71 kNm

Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV

LL Surcharge
(H)

Braking
Temperature

Superstr. DL
Abutment DL
Earth
pressure
Dynamic
Surcharge

Load Factors

Unfactored
Forces (KN) Moment
Vertical Horizontal (kNm)

1918.9 0.0 -100.5
2271.0 0.0
247.5 0.0
803.3 0.0
1284.5 3878.8
532.0 -319.2
464.1 1738.0
200.0 995.2
75.8 387.7

Seismic Loads
377.8 2511.6
287.8 0.0
832.5 2992.9
277.9 1040.7
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Basic | Seismic
1.00 1
1.00 1
1.00 1
0.00 0.00
1.50 1.00
1.00 1.00
1.20 0.20
1.50 0.20
0.90 0.50
0.00 1.50
0.00 1.50
0.00 1.50
0.00 1.50




8.2.5. Summary of Loads

Factored (Non-
Seismic/Structure)

Factored (Seismic / Structure)

Forces (KN) Moment
Vertical | Horizontal | (KNm)
Abutment
Self 1918.9 0.0 -100.5
SS DL 2271.0 0.0 0.0
SS Surface 247.5 0.0 0.0
SSLL 0.0 0.0 0.0
EPH 0.0 1926.7 | 5818.2
EPV 532.0 0.0 -319.2
Surcharge
(H) 0.0 556.9 | 2085.6
Braking 0.0 300.0 1492.8
Temperature 0.0 68.2 348.9
SEISMIC

Superstr. DL 0.0 0.0 0.0
Abutment
DL 0.0 0.0 0.0
Earth
pressure 0.0 0.0 0.0
Surcharge 0.0 0.0 0.0

4969.5 2851.8 9325.8

8.2.6. Structural Design

Width of abutment = 11m

Total Stem Base Width = 1.2m

Area (A¢) = 13.
ch: 0446* fck

2 m?

= 13.38 N/mm?
Axial Load = 0.1*f.4*A.

=17661.6 kN

Forces (KN) Moment
Vertical | Horizontal | (KNm)
1918.9 0.0 -100.5
2271.0 0.0 0.0
247.5 0.0 0.0
0.0 0.0 0.0
0.0 1284.5| 3878.8
532.0 0.0 -319.2
0.0 92.8 347.6
0.0 40.0 199.0
0.0 37.9 193.9
0.0 566.7 | 3767.4

0.0 431.8 0.0
0.0 1248.8 | 4489.4
0.0 416.8 | 1561.1
4969 4119 14017

Max Axial Load =4969kN (Vertical load becomes axial load here)

Since, max axial load is less than 0.1*f.¢*Ac, abutment stem is designed as

cantilever slab where foundation is treated as fixed support and stem is treated as

slab.

167




6.3. Design of Abutment Stem

6.3.1. Calculation of limiting moment

Ecuw2 = 0.0035

Eya = 0.0022

Fec=30 MPa

0.446*f. = 13.38 N/mm?

Xu=683.96 mm

0.416*X, =284.51 mm

Depth = Width of abutment = 1200mm

Clear cover = 75mm

Effective cover = Depth - Clear Cover - Diameter of rebar/2 = 91mm
Effective depth(d) = Depth - Effective Cover = 1109mm
Breadth of Abutment (Bw) = 11000mm

Bl =0.80952

B2 =0.41597

Compressive Force(C) = B1*0.446Fac*bw*Xu = 81491.08 kN
Cg from steel level = d-0.416X, = 824.49mm

Muiim= C*CG from steel level/1000 = 67188.68 kNm

Our design moment is 14017.4kNm but we get limiting moment as 67188.68kNm
which is very high. So, we have to increase tensile strain of steel in such a way
that our neutral axis shifts upward and Xu value then Muyim is decreased

respectively.

Ecwz =0.0035

Eya = 0.0022

Fec=30 MPa

0.446*fy = 13.98 N/mm?
Xu=110.68mm

0.416*X, = 46.04mm

Depth = Width of abutment = 1200mm

Clear cover = 75mm
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Effective cover = Depth - Clear Cover - Diameter of rebar/2 = 91mm

Effective depth = Depth -Effective Cover =1109mm

By = 11000mm

B1 =0.80952

B2 =0.41597

C = B1*0.446F 4 *by*X,,
=13187.17 kN

Cg from steel level = d-0.416X, = 1062.96 mm
Muiim = C*CG from steel level/1000 =14017.4 kNm

(Which is equal to our design moment)

6.3.2. Calculation of Reinforcement:

Fe = 500 N/mm?

Fyqa = 434.78 N/mm"2

Steel Required = Compressive Force*1000/ Fyg = 30330.49mm?
Tensile steel as per code (IRC.112 ¢l.16.5.1.1)

Fem= 0.26*f?? = 2.51

Fyk = 500 N/mm?

0.26*Fctm/Fyk = 0.001144

As per code:

fe
A min = 026% bd, but not less than 0.0013 bd
J yk

So,

Minimum Area of steel = 0.0013*d*by = 15858.7 mm?

Area of concrete (Ac) = D*bw = 13200000 mm?

Maximum Area of steel = 0.025A. = 330000 mm?

Since, steel required is less than area of steel, we are adapting minimum area of

steel.
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Required Ast = 30330.49 mm?
=25mm ® @ 178.026 mm c/c spacing
Provided Ast =32mm @ @ 150mm c/c spacing
Therefore, area of steel provided=58978.17 mm? (>30330.49mm?,
<330000mm?) (ok)

This is the reinforcement provided vertically at rear end of stem.

6.3.3. Check for shear:

Horizontal load = 4119kN
Breadth of abutment stem (bw)= 11000mm
Effective Depth of abutment stem(d) = 1109mm
Area of Concrete (Ac) = by*d = 12199000 mm?
Area of Steel Provided (As) = 58978.17 mm?
Fec =30 MPa
o.=0.00
p1= As/(bw*d) = 0.0048 <0.02
k =1+ (200/d)*3 =1.425 <2
Ymin = 0.031k32 £ 12 = 0.2887
YRd, ¢, min= Ymin T0.15 6¢p = 0.289
Vrac = [0.12k(80p; * fck)®33 + 0.150,
= (0.12*1.425*(80*0.0048*30)"3+0.15*0)
=0.3839
I' = max (YRrd, ¢, min, VRd.c) = max (0.289,0.3839) = 0.3839

Viae=0.3839%b,*d = 4683.1kN >4119kN (ok)

So, shear reinforcement is not required.
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6.3.4. Crack Width:

Load factor for serviceability Limit State
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Rare Frequent Quasi-
Vertical | Horizontal | Moment | combination | Combination | P o4 ne?“
Normal (KNm) Combination
Abutment
Self 1918.9 0.0 -100.5 1 1 1
SS DL 2271.0 0.0 1 1 1
SS Surface 247.5 0.0 1.2 1.2 1.2
SSLL 0.0 0.0 1 0.75 0
EPH 1284.5 5818.2 1 1 1
EPV 532.0 -319.2 1 1 1
LL Surcharge
(H) 464.1 1738.0 0.8 0 0
Braking 200.0 995.2 1 0.75 0
Temperature 75.8 387.7 0.6 0.5 0.5
Seismic
Loads
Superstructure
DL 377.8 2511.6 0 0 0
Abutment DL 287.8 0 0 0
Earth pressure 832.5 | 2992.9 0 0 0
Factored loads(Rare combination)
Forces(KN) 1\(4;();1;:?
Vertical Horizontal

Abutment Self 1918.9 0.0 -100.5

SS DL 2271.0 0.0 0.0

SS Surface 297.0 0.0 0.0

SSLL 0.0 0.0 0.0

EPH 0.0 1284.5 5818.2

EPV 532.0 0.0 -319.2

LL Surcharge

(H) 0.0 371.3 1390.4

Braking 0.0 200.0 995.2

Temperature 0.0 45.5 232.6

Seismic Loads

Superstr. DL 0.0 0.0

Abutment DL 0.0 0.0

Earth pressure 0.0 0.0

Total 8016.7




Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV

LL Surcharge
(H)

Braking
Temperature

Superstr. DL
Abutment DL
Earth pressure

Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV

LL Surcharge
(H)

Braking
Temperature

Superstr. DL
Abutment DL
Earth pressure

Factored loads(Frequent combination)

Forces(KN) A;[I?x::)"
Vertical Horizontal
1918.9 0.0 -100.5
2271.0 0.0 0.0
297.0 0.0 0.0
0.0 0.0 0.0
0.0 1284.5 5818.2
532.0 0.0 -319.2
0.0 0.0 0.0
0.0 150.0 746.4
0.0 56.8 290.8
Seismic Loads

0.0 0.0
0.0 0.0
0.0 0.0
6435.7

Factored loads (Quasi-permanent combination)

Forces (KN) Moment (KNm)
Vertical Horizontal
1918.9 0.0 -100.5
2271.0 0.0 0.0
297.0 0.0 0.0
0.0 0.0 0.0
0.0 1284.5 5818.2
532.0 0.0 -319.2
0.0 0.0 0.0
0.0 0.0 0.0
0.0 37.9 193.9
Seismic Loads
0.0 0.0
0.0 0.0
0.0 0.0
5592.4
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Bending Moment for crack width check (M) =8016.7 kNm (From Rare
Combination)

Area of Steel provided (Ag) = 58978mm?

Width of Abutment stem (Bw)= 11000mm

Total Depth(D) = 1200mm

Effective Depth(d) = D - Effective cover = 1200 — 91 = 1109mm
Xu=243.91mm

Lever arm (z) = d - Xu/3 = 1028mm

He,off =2.5(h-d) or (h-Xu)/3 or h/2 (whichever is
small)

=2.5*%(1200-1109) =(1200-243.91)/3 =1200/2

=228 mm =319 mm =600 mm

s He, eff =228 mm
Ac, et = min (He, eff) *Bw
=228*11000
= 2502500mm?
E; = 200000MPa(N/mm?)
Actual Stress(csc) = Mc *10/ (Agx z) = 132.26N/mm?
Ki=0.5
Fem = foct10 = 40MPa
Fet, eft = 0.259%(Fek)?
= 0.259%(30)23
=2.5
Eem = 22*(fom/12.5)°3%1000MPa(N/mm?)
=31187 MPa
p1,efi= As/Ac, eff= 58978/2502500 = 0.0236
oe = Es/Ecm = 200000/31187 = 6.413

f
Osc — kt * cLet * (1 + e * pp eff)
_ Pp,eff ! Ogc
€m — €m — E = 06E_
s s

€sm — Ecm = 0.000397
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c=75mm
Sr, max = 3.4¢+0.17*®/P, o) = 3.4*75+0.17%32/0.0236
=485.82mm
Crack width = c*(&sm-€cm)
=75%0.000397

=0.192mm <0.3mm (ok for severe case)

6.3.5. Horizontal Reinforcement

Vertical main = 32mm ® @ 150mm c/c spacing

Ag provided = 5361.65m?/m

Stem width = 1200mm

Stem Height = 1000mm

Ac = 1200*1000 =1200000mm?>

Horizontal reinforcement = 25% Ag = 1340.41 mm?
=0.001Ac =1200 mm?

Using 16mm ® bar

Area of 16mm ® bar = n*162%/4 = 201.06mm?

Then spacing = 1000/ (1200/201.06) = 150mm

Provide As = 20mm @ bar @ 150mm c/c spacing

Ast provided = 2094.4 mm? (which is greater than 25% of Ast)

6.3.6. Vertical Reinforcement

Stem Width (W) = 1200mm

Stem L = 1000mm

Ac=1200%1000 = 1200000 mm?

0.0012*A. = 0.0012%1200000 = 1440 mm?
Using 16mm O bar

Area of 16mm ® bar = n*16%/4 = 201.06mm?
Then spacing = 1000/ (1440/201.06) = 140mm
Provide Ast=20mm @ bar @ 150mm c/c spacing
Ag provided = 2094.4 mm? (which is greater than 0.0012Ac¢)
Check:

A provided at rear face = 58978.17 mm?
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Ag provided at front face = 2094.40 mm?
Allowable maximum reinforcement = 0.04 * Ac = 528000mm? (ok)

Allowable minimum reinforcement=1440 mm? (ok)

6.4. Design of Pile Foundation

6.4.1. Loads from Abutment

Unfactored
Forces (KN) Moment
Vertical | Horizontal | (KNm)
Abutment Self 1918.9 0.0 -100.5
SS DL 2253.4 0.0
SS Surface 247.5 0.0
SSLL 892.6 0.0
EPH 1284.5 6190.8
EPV 532.0 -319.2
LL Surcharge
(H) 464.1 2573.3
Braking
horizontal 200.0 1398.0
Braking
vertical 8.0 0.0
Temperature 79.9 552.2
Seismic Loads

Superstr. DL 375.1 3169.3
Abutment DL 287.8 0.0
Earth pressure 832.5 4491.5
Dynamic
Surcharge 277.9 1540.9

6.4.2. Load combination for design of foundation

The loads and forces may be evaluated as per IRC:6-2017 and their combinations
for the purpose of stability check of the foundation should follow IRC:78-2014.
Combination I): G + (Q + Gs ) + Fyc + Fr+ Fp + Gy + Fer + Fep

Combinationll): Combination I + W + Fy,
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Or

Combinations
Cl C2 C3

Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV

LL Surcharge
(H) 1 1 0

Combination I + Feg+ Fyp
Or
Combination Il + Fim + Fup

C1 load combination
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Horizontal
Vertical
Temperature

Superstr. DL
Abutment DL
Earth pressure
Dyn.
Surcharge

1 1 0
1 1 0
0 0 0
0 1 1
0 1 1
0 1 1
0 1 0

Load = Respective load * Respective load factor

Abutment Self
SS DL

SS Surface

SS LL

EPH

EPV

LL Surcharge

(H)

horizontal
vertical
Temperature

Superstr. DL
Abutment DL
Earth pressure
Dynamic
Surcharge

Total

Cl
Forces (KN) Moment
Vertical | Horizontal | (KNm)
1918.9 0.0 -100.5
2253.4 0.0 0.0
247.5 0.0 0.0
892.6 0.0 0.0
0.0 1284.5 6190.8
532.0 0.0 -319.2
0.0 464.1 2573.3
0.0 0.0 0.0
0.0 200.0 1398.0
8.0 0.0 0.0
0.0 0.0 0.0
Seismic Loads
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
5852.5 1948.5 9742.4

C2 load combination

Load = Respective Load * Load Factor
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Abutment Self
SS DL

SS Surface

SS LL

EPH

EPV

LL Surcharge

(H)

Braking
horizontal
Braking vertical
Temperature

Superstr. DL
Abutment DL
Earth pressure
Dynamic
Surcharge

Total

C2

Forces (KN) Moment
Vertical | Horizontal | (KNm)
1918.9 0.0 -100.5
2253.4 0.0 0.0
247.5 0.0 0.0
892.6 0.0 0.0
0.0 1284.5 6190.8
532.0 0.0 -319.2
0.0 464.1 2573.3
0.0 0.0 0.0
0.0 200.0 1398.0
8.0 0.0 0.0
0.0 0.0 0.0
Seismic Loads
0.0 375.1 3169.3
0.0 287.8 0.0
0.0 832.5 4491.5
0.0 277.9 1540.9
5852.5 3721.9 18944.1

C3 load Combination

Load = Respective Load * Load Factor
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C3

Moment
Forces (KN) (KNm)
Vertical | Horizontal

Abutment Self 1918.9 0.0 -100.5
SS DL 2253.4 0.0 0.0
SS Surface 247.5 0.0 0.0
SSLL 0.0 0.0 0.0
EPH 0.0 1284.5 6190.8
EPV 532.0 0.0 -319.2
LL Surcharge
(H) 0.0 0.0 0.0

0.0 0.0 0.0
Braking
horizontal 0.0 0.0 0.0
Braking vertical 0.0 0.0 0.0
Temperature 0.0 0.0 0.0

Seismic Loads

Superstr. DL 0.0 375.1 3169.3
Abutment DL 0.0 287.8 0.0
Earth pressure 0.0 832.5 4491.5
Dynamic
Surcharge 0.0 0.0 0.0
Total 4951.9  2780.0 13431.9

Summary of loads from each combination is given below: -

C1 C2 c3
Vertical (kN) 5852.5 5852.5 4951.9
Horizontal (kN) | 1948.5 3721.9 2780.9
Moment (kNm) | 9742.4 189441 13431.9

6.4.3. Pile Geometry

Thickness of pile cap = 1.8 m
Length of pile cap=11.4 m
Width of pile cap =9.6 m
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Edge projection in longitudinal axis = 0.6 m

Edge projection in transverse axis = 0.9 m

Number of piles =9

Purposed length of pile =23 m

Diameter of pile = 1.2 m

6.4.3.1. Configuration of piles

- / d ’ | "\I ™
X7 AP i
120 3600 3600 1200
Fig : Pile configuration
piles N Y(m) Z(m) y? 72
1 -3.6 4.2 12.96 17.64
2 0 4.2 0 17.64
3 3.6 4.2 12.96 17.64
4 -3.6 0 12.96 0
5 0 0 0 0
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6 3.6 0 12.96 0

7 -3.6 -4.2 12.96 17.64

8 0 -4.2 0 17.64

9 3.6 -4.2 12.96 17.64
77.76 105.84

Additional load on pile cap = Length * width * thickness * unit weight of concrete
=114*96*18*25
=4924.8 kN
Additional load on piles = Area * length * unit weight of concrete * No of piles
2
= MK 23*25%9

=5852.78 kN

6.4.3.2. Load Distribution on each pile

Total Axial Load
_ Total vertical from abutment + Load from pile cap + Load from pile

total no. of piles

z
+My*ﬁ

Horizontal load from abutment

Horizontal load = -
total no. of piles
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From combination C1

Axial Hz

My Total

1847.78 216.50

386.60 | 2234.39

1847.78 216.50

386.60 | 2234.39

1847.78 216.50

386.60 | 2234.39

1847.78 216.50 0.00 1847.78
1847.78 216.50 0.00 1847.78
1847.78 216.50 0.00 1847.78

1847.78 216.50

-386.60 | 1461.18

1847.78 216.50

-386.60 | 1461.18

1847.78 216.50

-386.60 | 1461.18

From Combination C3

From combination C2

Axial Hz My Total
1847.78 | 413.55 | 751.75 |2599.54
1847.78 | 413.55 | 751.75 |2599.54
1847.78 | 413.55 | 751.75 |2599.54
1847.78 | 413.55 0.00 1847.78
1847.78 | 413.55 0.00 1847.78
1847.78 | 413.55 0.00 1847.78
1847.78 | 413.55 | -751.75 | 1096.03
1847.78 | 413.55 | -751.75 | 1096.03
1847.78 | 413.55 | -751.75 | 1096.03

Axial Hz My

Total

1747.72 | 308.88 | 533.01

2280.73

1747.72 | 308.88 | 533.01

2280.73

1747.72 | 308.88 | 533.01

2280.73

1747.72 | 308.88 0.00

1747.72

1747.72 | 308.88 0.00

1747.72

1747.72 | 308.88 0.00

1747.72

1747.72 | 308.88 | -533.01

1214.71

1747.72 | 308.88 | -533.01

1214.71

1747.72 | 308.88 | -533.01

1214.71

Maximum Load on each pile

Total Axial load (kN) Total Horizontal (kN)
From combination C1 2234.39 216.50
From combination C2 2599.54 413.55
From combination C3 2280.73 308.88

Design Load on each pile

Axial load (P) =2599.54 kN

Horizontal load (H) =413.55 kN
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6.4.4. Pile Design
Purposed pile length (L) =23 m
Pile Diameter (D) = 1.2 m

Sub soil parameter for modeling

Modulus of subgrade reaction (1)) for very loose sand = 5000 kN/m?

1 D\*
Moment of inertia of pile x — section = 1 * TO * (E)

=0.102 m*
Young’s modulus of pile material (E) = 5000 * (fex)>*1000

=27386128 N/mm?
1
. EIN\5
Stiffness Factor(T) = (—) =354m
Mn
2T=2%*3.54=7.08m
4T=4*3.54=14.17m
Scour depth (e) =12. 04 m
Scour depth (e) 12.04
- = = 340m
stif fness Factor(T) 3.54
23 o _ aj _
21 1= —ll] AT 4 l-'.‘
TR SR £ | FOR m.;s-.w.smas AND
: \ e i i = —— NORMALLY LOADED CLAYS
- AW
B T T
e | FORPILES IN PRELOACED
Lty OAYS
[ 2 4 B 8 10
LARORL i T
WHERE
A and Ly=2
FREE HEAD PILES
= == = FIXED HEAD PILES
Fic. 4 Dept oF Frxry
From graph,
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Depth of point of fixity (Z¢)

1.89

stiffness factor(T)
Z;=3.54%189=6.71m
For Fixed Head moment

. H(e + z)° 3
Deflection(y) = —DE * 10
H(e 4+ z

Fixed End Moment(M) = (Tf)

P(kN) H(kN) y(mm) M(kNm)
2234.39 216.50 0.043 2029.58
2599.54 413.55 0.081 3876.74
2280.73 308.88 0.061 2895.59

6.4.4.1. Calculation of Pile Capacity
Pile diameter (D) = 1.2 m

Pile length (L) =23 m
unit weight of soil (y) = 20kN/m?
active earth pressure coefficient (ka) = 0.334

angle of friction between pile and soil (8) =29.94°

Frictional coefficient =tan (6 * %) =0.576

2
Cross sectional area of pile tip (Ap) =1 * DT =1.13 m?

Surface area of pile shaft (As)=m+*D *xL=286.71 m

Assuming skin friction is applied before end bearing

Level I Force Friction
pressure

0.0 0.00

0.5 0.00 0.0 0.0
1.0 0.00 0.0 0.0
1.5 0.00 0.0 0.0
2.0 0.00 0.0 0.0
2.5 0.00 0.0 0.0
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3.0 0.00 0.0 0.0
3.5 0.00 0.0 0.0
4.0 0.00 0.0 0.0
4.5 0.00 0.0 0.0
5.0 0.00 0.0 0.0
5.5 0.00 0.0 0.0
6.0 0.00 0.0 0.0
6.5 0.00 0.0 0.0
7.0 0.00 0.0 0.0
7.5 0.00 0.0 0.0
8.0 0.00 0.0 0.0
8.5 0.00 0.0 0.0
9.0 0.00 0.0 0.0
9.5 0.00 0.0 0.0
10.0 0.00 0.0 0.0
10.5 0.00 0.0 0.0
11.0 0.00 0.0 0.0
11.5 0.00 0.0 0.0
12.0 0.00 0.0 0.0
12.5 83.50 78.7 45.3
13.0 86.84 160.5 92.5
13.5 90.18 166.8 96.1
14.0 93.52 173.1 99.7
14.5 96.86 179.4 103.3
15.0 100.20 185.7 107.0
15.5 103.54 192.0 110.6
16.0 106.88 198.3 114.2
16.5 110.22 204.6 117.8
17.0 113.56 210.9 121.5
17.5 116.90 217.2 125.1
18.0 120.24 223.5 128.7
18.5 123.58 229.8 132.4
19.0 126.92 236.1 136.0
19.5 130.26 242.4 139.6
20.0 133.60 248.7 143.2
20.5 136.94 255.0 146.9
21.0 140.28 261.3 150.5
21.5 143.62 267.6 154.1
22.0 146.96 273.9 157.7
22.5 150.30 280.2 161.4
23.0 153.64 286.5 165.0
Total Skin Friction (kN) 2748.6

In the above table, following formulas are used :
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Overburden pressure = Ka*y*level

Force = Average of Overburden pressure *  * Diameter of pile * difference of
levels

Skin friction = frictional coefficient * force
Total skin friction = 2748.6 kN

Note: do not take skin friction upto scour depth

6.4.4.2. End bearing
Coefficient of earth pressure (K;)= 1

angle of friction between pile and soil (8) =29.94°

Frictional coefficient =tan (6 * %) =0.576

Effective overburden pressure at pile tip (Pq) = (L-¢)*Ki* y = 219.20 kN/m?
Note: end bearing must be taken upto 15 times diameter of pile for greater depth
Angle of internal friction, ¢ at pile tip (Ngq) =20

Bearing capacity factor (N,) = 20

2
Cross sectional area of pile tip (Ap) =7 * DT =1.13 m?

Pile diameter (D) =1.2 m
Total end bearing = Ap * (0.5 * D *y *N,, + Pa* Nq )
=5229.6 kN
FoS=2.5

Total end bearing + Total skin friction
FoS

Ultimate Load Capacity (Qu) =

_5229.6 + 27486
N 2.5

=2902.1 kN > extreme axial force (2599.54 kN)

(OK)
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6.4.5. Pile Cap Design

Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV
LL Surcharge

(H)
Braking
horizontal

Braking vertical
Temperature

Superstr. DL
Abutment DL
Earth pressure
Dyn. Surcharge

Abutment Self
SS DL

SS Surface
SSLL

EPH

EPV
LL Surcharge
(H)

Braking
horizontal

Braking vertical

Table: Unfactored loads from abutment

Unfactored Load Factors
Forces(KN) Moment
Vertical | Horizontal (KNm) Basic | Seismic
1918.9 0.0 -100.5 1.35 1.35
2253.4 0.0 1.35 1.35
247.5 0.0 1.75 1.75
892.6 0.0 1.5 0
1284.5 6190.8 1.5 1
532.0 -319.2 1 1
464.1 2573.3 1.2 0
200.0 1398.0 1.5 0
8.0 0.0 1.5 0
79.9 552.2 0.9 0.5
Seismic Loads
375.1 3169.3 0 1.5
287.8 0.0 0 1.5
832.5 4491.5 0 1.5
277.9 1540.9 0 1.5
Factored(basic) Factored(seismic)
Moment Moment
Forces(KN) (KNm) Forces(KN) (KNm)
Vertical | Horizontal Vertical | Horizontal
2590.5 0.0 -135.6 2590.5 0.0 -135.6
3042.1 0.0 0.0 3042.1 0.0 0.0
433.1 0.0 0.0 433.1 0.0 0.0
1338.9 0.0 0.0 0.0 0.0 0.0
0.0 1926.7 9286.3 0.0 1284.5 6190.8
532.0 0.0 -319.2 532.0 0.0 -319.2
0.0 556.9 3088.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 300.0 2097.0 0.0 0.0 0.0
12.0 0.0 0.0 0.0 0.0 0.0
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Temperature 0.0 71.9 497.0 0.0 39.9 276.1
Seismic Loads

Superstr. DL 0.0 0.0 0.0 562.7 4753.9

Abutment DL 0.0 0.0 0.0 431.8 0.0

Earth pressure 0.0 0.0 0.0 1248.8 6737.2

Dyn. Surcharge 0.0 0.0 0.0 416.8 2311.4

Total 7948.7 2855.5 14513.4 6597.8 3984.5 19814.6

6.4.5.1. Summary of loads

Basic Seismic

Vertical(kN) 7948.7 6597.8
Horizontal (kN) 2855.5 3984.5
Moment(kNm) 14513.4 19814.6

Additional load on pile cap =1.35 * Length * width * thickness * unit weight of
concrete

=135*11.4*9.6* 1.8 *25
= 6648.48kN

Additional load on piles = 1.35 * Area * length * unit weight of concrete * No of
piles

2
=1.35*n*%*23*25*9

=7901.263 kN

6.4.5.2. Load Distribution on each pile

Total Axial Load
_ Total vertical from abutment + Load from pile cap + Load from pile

B total no. of piles

+My*g

Horizontal load from abutment

Horizontal load = -
total no. of piles
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Basic

Axial Hz My TOt?é;ZXlal
2499.83 317.27 575.93 3075.75
2499.83 317.27 575.93 3075.75
2499.83 317.27 575.93 3075.75
2499.83 317.27 0.00 2499.83
2499.83 317.27 0.00 2499.83
2499.83 317.27 0.00 2499.83
2499.83 317.27 -575.93 1923.90
2499.83 317.27 -575.93 1923.90
2499.83 317.27 -575.93 1923.90

Maximum axial load = 3075.75 kN
Seismic

Axial Hz My TOt?é;zXIal
2349.73 442.72 786.29 3136.02
2349.73 442.72 786.29 3136.02
2349.73 442.72 786.29 3136.02
2349.73 442.72 0.00 2349.73
2349.73 442.72 0.00 2349.73
2349.73 442.72 0.00 2349.73
2349.73 442.72 -786.29 1563.44
2349.73 442.72 -786.29 1563.44
2349.73 442.72 -786.29 1563.44

Maximum axial load = 3136.02 kN
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Design values

Axial load (P) =3136.02 kN
Horizontal load (H) = 442.72 kN
Deflected length (1) = Zs + e =18.75 m

H=*L
Moment (M) = — = 4150.212 kNm

6.4.5.3. Material properties
e Concrete used: M30 (IRC 112-2020 Table 6.4)

e Characteristic strength, fu= 30 N/mm?

e Design compressive strength of concrete, fcd—a;jfnc « [IRC:112-2020 clause
6.4.2.8]

e a=0.67

e ym=15

e Design compressive strength of concrete, fea= 0'671X5f ck _ 0'617;30 =13.40
N/mm? ' '

e Steel used: Fe500

e Yield Strength of Steel, fx=500N/mm?

e Design yield strength of steel, fy= fy/1.15= 0.87fy = 434.783 N/mm?
e Young’s Modulus of Elasticity, Es = 2x10°N/mm?

fyd _ 087+fy _ 0.87+500

Es Es 200000 =0.0218

e Yield strain for steel (gya) =

e Area factor (§1) =0.810
e CG factor(B2) = 0.416

e Limiting strain on extreme compressed fiber of concrete(ecu2) = 0.0035

Calculation of Limiting Moment

Xiim = —<2__d [SP 105]

Ecu +£yd

0.0035%1700

= ————=1048.7mm
0.0035+ .0218

Compressive force (C) = B1 X Feq X b X Xjim
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_0.810 X 13.40 X 3292X 1048.7
1000

=47776.7 kKN
CG from steel level (z) = d- B2 X Xiim = 1700—0.416 x 1048.7
=1263.8 mm

1263.8
1000

=60379.7kNm

My, 1im = C x 2= 47776.7%

Since, My, 1im 18 less than factor bending moment assumed depth is satisfied.
Design of main reinforcement
Design Bending Moment, Mgq = 22498.5 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
To find the actual neutral axis depth corresponding to Mgq
MEg = B1 X fea X befr X Xu % (d — B2 % Xu)

This, by solving becomes,

__4d d 2_ MEgg4
X“_szz \/(ZXBZ) B1x Bz xbxfeq

¥, = 1700 ( 1700 )2 22498.5x106
Y 2x0416 2x0.416 0.810X0.416X3292x13.40

Xy =314.7 mm

Area of tension reinforcement

MEgq

_ E
Ast -
fdeZ

with z= (d - B2 x Xu) = (1700 — 0.416 x 314.7) = 1569.1 mm

6
Ay = —222985X10°_ _ 35978 7 mm?

 434.783 x1569.1

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.25 mm?

b*A _ 4200%804.25

= =102.42mm
Aqt 32978.7

Spacing required =

Provide 32mm dia bars @100 mm spacing = 33778.40 mm?
Check

As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension
reinforcement shall not be less than that given by following:

As min = 0.26 j;fﬂ bid but not less than 0.0013 bid

vk

Here, For M30
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fem= 2.5 [Table 6.5 of IRC: 112: 2020]
As, min = 0.26% 52?50 % 4200x1700 but not less than 0.0013%4200x1700

=0282 mm? but not less than 9282mm?
= 0282 mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max — 0025 Ac
As, max = 0.025% [1700%4200] = 178500 mm?
Ast, provided < As, maxs, OK

Design Of Shear Reinforcement
Design shear force, Ves =7499 kN

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Viae = [0.12K(80p; f1)*3® + 0.150,, | by, d

VRa.cmin = (vmin + 0-1500p)bwd

K =1+ /ﬂ <
d
_ ’200
=1+ 1700

=1.342<2
=1.342
Viin = 0.31K¥fck!
=0.31x1.342332x3(12
=2.63

Oep=0
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A

pl = b—s‘td = 0.0014< 0.02- Reinforcement ratio for longitudinal reinforcement

- p1=0.0014

~Vrae=[0.12X2x% (80 x 0.014 x 30)%33]x4200x1700
=5465.14 kN

And, VR4 =(Vmin+0.15ccp) Xbwd
=(2.63+0.15%x 0) x 4200 x 1700
=18778.2 kN

Maximum of Vra.c & VRrd.c,min=18778.2kN. VE¢< VRrd.c

Horizontal reinforcement = 0.001 Ac= 0.001*1800*4200 = 7560 mm?
Using 16mm bars with area 201 mm?

Spacing = 223.40 mm

Adopt 16 mm bars @ 200 c/c

e Check For Punching Shear

Ast provided = 25132.7 mm?
Therefore, p1=25132.7/(1700%1000*1000)
=0.0148 %

Fek =30 Mpa

Effective depth of pile cap(d) = 1.7 m.
Diameter of pile(D) = 1.2 m.

Edge projection = 0.90 m.

D
Radius of control perimeter = 5 +2d =4m.
For Internal Pile

Perimeter (u;) = 2*3.14*¥*4 =25.13 m
Eccentricity(e) = 3136.02/4150.212=0.756 m.

p=1+06r( )=LN8

e
D+4D
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3136.02

Vep = B *——= ﬁ= 0.250 N/mm?
0.5
K=1+(¥) =134 <2

3 1

Umin = 0.031 %Kz * f2 = 0.117 N/mm?
Vrde = 0.523 N/mm?

Hence Vep < Vi Hence ok

For Corner Pile

Angle for corner pile = 2.34 radians.

U =9.358 m.

Uz =6.283 m.

=1+ k(%*;‘/—ll): 1.489
Vep = 0.352 N/mm?

K=1.89

Vinin= 0.107 N/mm?

Vrde =0.523 N/mm? > VEp (0k)

6.4.6. Design of pile stem.

Diameter of pile stem = 1.2 m.

Grade of concrete = 30 Mpa.

Height of pile Stem(L) =23 m.

Provide Clear Cover of 75 mm

Therefore, effective cover (d' ) =75+ 12.5 mm = 87.5 mm.

effective diameter = 1200 — 87.5 — 87.5 = 1025 mm.

From above analysis of loads at base of pile.

6.4.6.1. Design Forces

Design axial force (Pu) =3136.02 kN.

Design Bending Moment (Equivalent Uniaxial) (Mu) =4150.21 kNm.

Design Shear Force(Hr) = 442.72 kN.

Zf=6.71 m

Eccentricity = Deflected length = Zf+e =18.75m.
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6.4.6.2.  Design Steps

e Calculation of longitudinal reinforcement.

d 875 0.072
D 1200
= (.1

Refer Chart 60 of Sp 16 (IS 456).

P, _ 3136020
f4D2 30 x 12002

M, _ 4150210000
fq x D3 30 x 12003

From above value and using chart 60 of SP 16 (IS 456)

p
— =0.03
fck

Therefore Percentage of reinforcement required,

=0.072

= 0.080

%p = 0.07*30 = 2.1% > 0.8% (minimum)
So provide %p = 2.1%

. . 2.1 1200%1200
Area of reinforcement required (Asc) = Too* 3.14 = —

=23738.4 m?
Area of 32 mm diameter bars = 804.24 m?

237384

804.24
Hence provide 30 numbers of 32mm diameter bars.

No of 32 mm dia bar required =

1025
30

Spacing of bars = 3.14 * = 107.28 mm.

Area of reinforcement provided =24127.2mm?.

e Calculation of transverse reinforcement.

_ 4%4427200 039
T 3.14%12002

Temax = 3.5 N/mm?2 > 0.39 N/mm?

Tuv

For p =2.1% and M30 concrete, form IS 456 table 19, tc = 0.85 N/mm>1y,y
Design Shear Force Vep =442.72 kN
From IRC 112 10.3.2
Vr.c=[0.12*¥K*(80%*p!*fck)*33+0.156¢p] * Anet = 606.05 kKN
Nep = 3136.02 kN
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K=1 + /Zdﬁ = 1.015 < 2

 Ngp  3136.02 % 1073
% T A, T 11309733

=277 > 0.2fcd

=0.2*%13.4=2.68
Vmin = 0.031K32 f ck

Vmin =0.031*1.015%2%3012 = 0.173
VRDC.min = (Vmin + 0.15 6 ¢p) bwd
=(0.173 + 0.15*2.68)* 813927
=468.66
Vide = Maximum of 606.05 and 468.66 kN
=0606.05 kN
Hence Viq.> 442.72 kN so we provide minimum shear reinforcement.
Diameter of tie bar
>32/4 =8 mm
> 8 mm
Adopt lateral ties of diameter 8mm.

Provide 4-legged 8 mm dia lateral ties (Fe 415).

82
Asv = 4 % 3.14 * i 200.96 mm?

Spacing of ties
1) <16 x 25 =400 mm
i1) < 300mm
iii) < least lateral dimension of column = 1200mm

Adopt 4-legged 8mm dia. lateral ties @ 200 mm c/c.
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7. Pier

7.1. Analysis and Design of Pier
For the design of pier, following data has been obtained from hydrological and

geotechnical investigation report.

Bridge span =25 m

Size of bearing = 500x350x64 mm

Lane width="7.5m

c/c distance between outermost girders = 6.5 m
Size of expansion joint provided = 40 mm
Depth of girder (main) = 2.3 m

Velocity of water current = 4.947 m/s

Type of foundation = Deep foundation (Pile Footing)
RL of bottom of pier = 608 m

RL of HFL = 614.69 m

Depth of pier = 614.69 - 608 + 2 = 8.69 m

7.1.1. Material
Concrete: M30

Rebar: TMT500D

7.1.2. Type of Pier

RCC single column hammer headed pier has been selected. As the length of pier
is more than 5Sm so wall pier system will not be economical. Moreover, for 25m
span, strength is also not sufficient. Also, carriage way is only 7.5 m so single

column may be sufficient.
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7.1.3. Pier Cap Preliminary sizing

Length of pier cap = c¢/c spacing of main girder + bearing length + 2 x clearance
=65+05+2x0.5=8m
(As Clearance is taken as 0.5m (0.4-0.6m)

Minimum Width of pier cap = 2 x projection beyond pier + 2 x 2 x bearing offset
+ 2 x bearing width

=2x75+2x%x2x150+2x350=1.45 mm
Width, B = diameter of pier stem + 2 x projections
Assume diameter of pier stem = 2.50 m and projections = 75mm (50-200)
B=250+2x0.075=2.65m
Thickness of pier cap

Adopt 1500mm at the face of pier stem and 750mm at the end.

T750 T750

—2650—

Fig: pier cap

Figure :Preliminary sizing of pier cap

7.1.4. Check for depth of pier Cap for punching shear
Depth of pier cap below bearing = 750 + (1500 — 750)/2750 x 750 = 954.55 mm
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Take 40mm clear cover and 32mm dia bar, then

effective depth d= 954.55 — 40 — 32/2 = 895.55 mm

Maximum vertical force on bearing

Punching shear =
unching shear Arcn

3 1193.13 x 1000
2 x (350+500+2 x 898.55) x 898.55

=0.251 N/mm?

For M30 concrete, Punching shear strength Kc7c = 1.369 N/mm? > 0.68 N/mm?
So provided thickness are sufficient.

7.1.5. Check for diameter of Pier column

Approximate axial load = (DL + LL) form superstructure + DL of pier cap
DL from superstructure = 6118.438 kN
LL from superstructure = 1338.873 kN

DL of pier cap = 1.35 x (2.5x1.5 + 0.5x2.75x2 x (1.5+0.75)) x 2.65 x 25=
888.785 kN

Therefore, design axial load P, = 8237.119 kN
Let Ag be the sectional area required then,
Pu=0.67 fy Asc + 0.4 f, Ac
Assume 1% steel reinforcement then
8237.119 x 1000 = 0.67 x 500 x 0.01 x Ag+ 0.4 x 30 x 0.99 x Ag
Or, Ag = 540848.23 mm?
For circular column, diameter D = 829.837 mm < 2500 mm

To consider eccentric loading effect, adopted 2500 mm diameter seems ok.

7.2. Analysis
Dead load from superstructure

Total load = wt. of (railing + kerb + slab+ main girder + cross girder)
= 4474.139kN (from bearing design portion)
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Dead load of wearing course

Dead load of wearing course = 495 kN

Live load from superstructure

When load is on one span only

Class A vehicle

When only one span is loaded

11 39 12 43 3 3 3
2] l27 11‘]1 1114 168 j68 J68 ]68
R1 R2 R3 R4
30 0.6 30
Maximum LL on pier from right side = [2 x {27 x 30 + 27 x (30-1.1) + 114 x (30
-4.3)+ 114 x (130-5.5) + 68 x (30-9.8) + 68 x (30-12.8) + 68 x (30-15.8) + 68 %
(30-18.8)}1/30 =772.23 kN
Impact factor = 1.125
Max LL including Impact = 772.23 x 1.125 = 868.76 kN
Class 70R Wheel
_1;:570 3.050 1.370 2130 4590 3.960
17]) J‘170 1710 L‘l?o 1120 l120 l80
R1 R2 Ls R4
30 0.6 30
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Maximum LL on pier from right side = [{170 x 30 + 170 x (30-1.37) + 170 x (30
-3.05-1.37) + 170 % (30-1.37-3.05-1.37) + 120 x (30-2.13-1.37-3.05-1.37) + 120 x
(30-1.52-2.13-1.37-3.05-1.37) + 80 x (30-3.96-1.52-2.13-1.37-3.05-1.37)}1/30 =
829.21kN

Impact factor = 1.12

Max LL including Impact = 829.21 * 1.12 =928.711 kN

4.57

RA “ RB

-

Class 70R Track loading in longitudinal direction

Maximum LL on pier = 700*(30-0.5*4.57)/30 = 646.683 kN
impact factor = 1.1

Max LL including Impact = 646.683 * 1.1 = 711.352 kN

When load is both span

Total Load (due to class A) = 1038.254 kN

Total Load (due to class 70R Wheel) = 997.024kN

Load due to braking effect
(As per IRC 6 clause 211.2)

20% of first vehicle load +10% of second vehicle load in only one lane
Braking load = 0.2 x (54 + 228 + 2 x 136) + 0.1 x (54 + 228 + 2 x 136)

=166.2 kN

201



This load is taken by pier only. Braking load on pier is given by:
FHy, = 166.2 kN

v o_ 166.2 x 3.639

Yy, Tons 20-16kN

Wind load (from superstructure)
Calculation is as done in bearing.
FW1=383.985 kN
FWL =95.996 kN

FWy =465.597 kN

Wind load (from substructure)

Wind load in transverse direction
Flw =P34 A G Cp=940.6 x (2.5 x 8.69 +2.65 x 1.5) x 2 x 0.5=24.173 kN
Wind load in longitudinal direction (Ftw) = 0.25 x 24.173 = 6.043 kN

Seismic load (from superstructure)
The response reduction factor for pier design (for column type as per IRC 06:

2017 table 20) is 4 instead of 1 in superstructure.
Seismic load in longitudinal direction FLs = 0.15 % 4969.139 = 745.371 kN

Seismic load in Transverse direction FTs = 0.15 x (4969.139+221.6) =
778.6 kN

Vertical reaction due to seismic load:

o o v,  745371x14
In longitudinal direction Fg* = — 30 - 34.784 kN
o vt 778.6 x 1.4
In transverse direction Fg' = Sox2z - 167.7 kN

Seismic load (from sub-structure)

Weight of pier cap rectangular part = (0.75+0.75) x 2.5 x 2.65 x 25 = 248.438 kN
Weight of pier cap rectangular part cantilever = 0.75 % 2.65 x 2.75 x 25 x 2 =
273.281 kN
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Weight of pier cap triangular part = 0.5 x 2 x 0.75 X 2.65 x 2,75 x 25 =136.64 kN

2
Self-weight of pier stem = 1 X (275) x (8.69 — 1.5) x 25 = 882.346 kN

Seismic load due to self-weight of pier cap rectangular part in longitudinal and
transverse direction = 248.438 x 0.150 = 37.265 kN

Seismic load due to self-weight of pier cap rectangular part cantilever in
longitudinal and transverse direction =273.28 x 0.150 = 40.99 kN

Seismic load due to self-weight of pier cap triangular part cantilever in
longitudinal and transverse direction = 136.64 x 0.150 = 20.496 kN

Seismic load due to self-weight of pier stem in longitudinal and transverse
direction = 882.346 x 0.150 = 132.352 kN

Load due to temperature variation, creep and shrinkage

This load has not been considered in pier.

Self-weight of pier
Self-weight = 1540.705kN

Load due to water current

FTwc = PxA
P = 52KV? where K = 0.66 for circular pier.
V =4.947 m/s

Existing direction of flow angle with pier axis in river 6 = 0° (form topo map)
O"l

Now as per clause 210.5, Design angle is a = 8 £ 20°
For transverse direction ar = 20°-0° = 20°
For longitudinal direction ar = 20°+0° = 20°

And, Area A = (614.69 - 608) x 2.5 =16.725 m?
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~FL, =52 x 0.66 x (7.891 x c0s20)? x 16.725 x 9.81/1000 = 121.695 kN
~FL =52 x 0.66 x (7.891 x sin20)? x 16.725 x 9.81/1000 = 16.12 kN

Load due to Hydrodynamic Force
FThyd = FLhyd =aCW

C =0.730 (from table 9.10 Swami Saran’s design of substructure)

2
Weight of water in enveloping cylinder W = 1 x % x 6.69 x 9.81 =322.155 kN

X

For this R =4, then a =

NN

I
R g

Fya = Frpya= 0.150 x 0.730 x 322.155 = 35.276 kN

Load due to buoyancy

Fbuoy = Vsubmerged x YW

Fiyyoy= 0.25 X 1 x 2.52 X 6.69 x 9.81 = 32.84 kN

7.3. Design of Pier Cap

Pier cap has been designed as cantilever beam and detailed as per IRC-112.

Design Shear force (For basic combination)

Vinax = (1.35DLA1.75WC+1.5LL+1.5FW +1.15FY rom end girder * 1/3 +1.35DLp

Vimax = (6238.088+1.5%x1038.254+1.5%465.597+1.15%20.16) x1/3
+1.35%2.75%2.65% (1.5+0.75)/2%25

Vmax = 3338.46 kN

Design moment (for basic combination)

Total length from critical section =2.892 m

Centroid of trapezoid = 1.285 m

Critical section to center of bearing = 2.142 m
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Mumax = (1.35DLA+1.75WC+1.5LL+1.5F\ +1.15FY, Jiom end girder X 1/3 * 2.142
+1.35DLp x (Lever arm)
Minax = (6238.088+1.5%x1038.254+1.5%x465.597+1.15%20.16) x1/3x2.142
+1.35%2.892%2.65% (1.5+0.75)/2x25 x 1.285
Minax = 6933.034 kN-m

Material properties
0) Concrete used: M30 (IRC 112-2020 Table 6.4)

p) Characteristic strength, fa= 30 N/mm?
axfck

q) Design compressive strength of concrete, feq= _— [IRC:112-2020 clause
6.4.2.8]

r) a=0.67

s) ym=15

t) Design compressive strength of concrete, feq= 0'67;(; ok = 0'617.;30 = 13.40
N/mm?

u) Steel used: Fe500
v) Yield Strength of Steel, f;x=500N/mm?
w) Design yield strength of steel, fya= fyi/1.15= 0.87fy = 434.783 N/mm?

x) Young’s Modulus of Elasticity, Es = 2x10°N/mm?

fyd _ 087+fy _ 0.87+500

Es Es 200000 =0.0218

y) Yield strain for steel (gyq) =

z) Area factor (1) = 0.810
aa) CG factor(B2) = 0.416

bb) Limiting strain on extreme compressed fiber of concrete(ecuz2) = 0.0035

Design of Section using LSM:
Calculation of Limiting Moment

Xiim = —<—d [SP 105]

€cuzt€yd

__ 0.0035%1444

= ————=2890.573 mm
0.0035+0.0218
Compressive force (C) =1 X Fea X b X Xjim

_0.810Xx13.40 X 2650 X 890.573
1000
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=25562.242 kN
CG from steel level (z) = d- B2 * Xiim = 1444 — 0.416 % 890.573
=1073.548 mm

My, tim = C X 7 = 25562.242 x % = 27442.306 kNm

Since, My, 1im 18 less than factor bending moment assumed depth is satisfied.
Design of main reinforcement
Design Bending Moment, Mgq4 = 6933.034 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
To find the actual neutral axis depth corresponding to Mg
Megq = B1 X feg X betr X Xu X (d — P2 X Xu)

This, by solving becomes,

_d d \* Mgq
X =06 \/(ZXBZ) B1xB2xbxfeq

1444 1444 \2 6933.034x106
)QJ_ -

 2X0.416 2x0.416)  0.810x0.416X2650x13.40
Xu=176.218 mm
Since Xu<Dy, NA lies in flange.

Area of tension reinforcement
MEgq
fdeZ

_ 6933.034%x10°
' 434783 x1370.698

Ag =

with z = (d — B2 x Xu) = (1444 — 0.416 x 176.218) = 1370.698 mm

= 11633.470 mm?

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.248 mm?

b*A _ 2650%804.248
A 11633.470

Provide 32 mm dia bars @150 mm spacing = 14208.376mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

=183.200 mm?

Spacing required =

reinforcement shall not be less than that given by following:

As min = 0.26 2 b.d but not less than 0.0013 bd

fyk
Here, For M30
fom= 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% 5%50 x 2650%1444 but not less than 0.0013x2650x1444
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=4974.58 mm? but not less than 4974.58 mm?
=4974.58 mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:
A max=0.025 A

As max= 0.025% [2650%1444] = 3975000 mm?
Ast, provided < As, max, OK

Design Of Shear Reinforcement
Design shear force, Vs =3338.463 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vidmax = Qewbwzvy —294—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrD, max =The design value of maximum shear force

acw=1 for 6,,-0 (RCC)
Lever Arm(z)= (d — B2 x Xu) = (1444 — 0.416 X 176.218) = 1370.698 mm

v, =06 (1 - ka) is the strength reduction factor

310
fra = 04461,
0=45°
Now,
“ VrRamax = Acwbwzvy cot;ﬁ
= 1% 2650 X 1370.698 x 0.6 (1 — 20) x —>44olek

=13169.259 kN
And,
Vras=VNs=VED*+VeedtVie= VEp=3338.463 kKN

Here,
For uniform cross section: Veed=Vtd=0

Vras =The design value of the shear force
Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd
Veed =Design value of the shear component of the force in the

compression area, in the case of an inclined compression chord
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Vi =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~.Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vrq.c is
given by:

Via.c = [0.12K(80p; f11)*2 + 0.150,, b, d

VRd.cmin = (vmin + 0-1506p)bwd

K=1+ 22 <
/d <

_ 200

1446
=1.372
Vinin = 0.031K32fck 2

=0.031x1.37232x3012
=0.273

Gep=0

pl = % = 0.037 < 0.02- Reinforcement ratio for longitudinal reinforcement

~ p1=0.02

“Vrae=[0.12%1.372% (80 %X 0.02 X 30)°%33] x2650x 1444
=1296.823 kN

And, Vrdc=(Vmin+0.15ccp) Xbwd
=(0.273+0.15% 0) x 2650% 1444
=1044.343 kN

Maximum of Vra.c & VRrd.c, min=1296.823 kN
VErd =The design shear force at a cross-section resulting from external loading
=3338.463 kN

~Since VE¢™> Vrd., shear reinforcement design is required
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Design of Shear Reinforcement IRC 112:2020 C110.3.3.1.-4
By equating Vns and, Vgg max We get

2V
-t Ed )
sinT!{———=2&
(acwaZV1fcd
2

sin_l( 2X3338.463X1000 )
1X2650X1370.698X0.542X0.446X30

2

~ 0 =

=7.276°

~As per the code 21.8°<0<45°
Adopt 6=21.8°

~Vrds=Vns=VEp= ASTW X z X fywd X cotf

S=€STW X z X fywd X cotf

Provide 2-legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

2%113.09

~S =——""—x%1370.698 x 434.78 X cot21.8°

3338.463x103

=100.95 mm

= Provide spacing = 90 mm

check

Asw __ 226.195

Shear reinforcement ratio py= = =0.0095
sxby,  90X2650

Minimum shear reinforcement ratio:

. _0.072xvfck_0.072xv30
~Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12mm 2- legged vertical stirrups at 90 mm c/c spacing

7.4.Load Analysis For Pier Stem
Different types of load combinations and their responses on the base of the pier
stem are shown in the table below in following order.

1. Basic combination 1 ( Live load as Leading and wind load as
accompanying load).

2. Basic combination 2 (Wind load as leading load and live load as
accompanying load).

3. Seismic combination 1

4. Seismic combination 2

5. Seismic combination 3
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1.Basic Combination 1 (Live Load as Leading load and wind load as accompanying load)

?ncl;entrlmty Lerve Design Force(kN or kN-m)
Load(kN) | %0
Arm
ex ey (m) Pu Hx Hy Muy Mux

DLss | 4474.1 | 1.35 6040.1

DLwc | 495.00 | 1.75 866.25

F'Br 166.20 1.5 9.19 249.3 2291.0

F'Br 20.16 1.5 30.24
F'Wap | 96.00 0.9 9.19 86.40 793.99
F'Wup | 383.99 0.9 9.19 345.5 3175.9
F¥Wap | 465.60 0.9 419.04
FEWaub 6.04 0.9 4.99 5.44 27.12
F'Wow | 24.17 0.9 5.06 21.75 110.00
F'WC | 16.12 1 4.46 16.12 71.90

FTWC | 121.69 1 4.46 121.7 542.76
Wpier | 1540.7 | 1.35 2079.9

Fouwy | 322.16 | 0.15 -48.32
Total without Live Load 9387.2 | 357.2 | 489.0 | 3184.0 | 3828.7
Live Load
LL Py 997.02 | 1.5 1495.5

LLML | 868.76 | 1.5 0.4 521.26

LLMr |997.02 | 1.5 1.16 1738.8

3705.3
Total With Live Load 10883 | 357.2 | 489.0 3 5564

Therefore, Design Axial Force (Py) = 10883 kN.

Design Horizontal Force (H) = v357.2%2 + 4892 = 606 kN.

Design Bending Moment (M,) =+v3705.332 + 55642 = 6684.5 kN.

Eccentricity =

Mu
e

6684.5

606

=11.037m

210




1. Basic combination 2 (Wind load as leading load and live load as
accompanying load)

Eccentricity

I{l?lil]()i Load factor (m Lg\;g Design Force(kN or kN-m)
ex ey (m) Pu Hx Hy | Muy | Mux
DLss | 4474.1 | 1.35 6040.1
DLwc 495 | 1.75 866.25
F'Br 166.2 | 1.15 9.19 191.1 1756
F'Br 20.16 | 1.15 23.184
F!'Wep | 95.996 | 1.5 9.19 144 1323
FTWsup | 383.99 | 1.5 9.19 576 5293.2
FYWp | 465.6 | 1.5 698.4
F'Wap | 6.0434 | 1.5 4.986 9.065 45.2
F'Waw | 24.173 | 1.5 5.056 36.26 183.33
Flwe 16.121 1 4.46 16.12 71.9
Flwe | 12169 | 1 4.46 121.7 542.76
Wpier | 1540.7 | 1.35 2080
Fouwy | 322.16 | 0.15 -48.323
Total Without Live Load 9659.5 | 360.3 | 733.9 | 3197 | 6019.3
Live Load
LLmaxPu | 997.02 | 1.15 1146.6
LL ML | 868.76 | 1.15 | 0.4 399.6
LL MT | 997.02 | 1.15 1.16 1330
Total With Live Load 10806 | 360.3 | 733.9 | 3597 | 7349.4

Therefore, Design Axial Force (Py) = 10806 kN.

Design Horizontal Force (H) = v360.32 + 733.92 = 818 kN.

Design Bending Moment (M,) = V35972 + 7349.42 = 8182.2 kN.

. Mu 8182.2
Eccentricity = — =

- 88 — 10.007 m
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2. Seismic Combination 1 (Longitudinal Seismic force maximum).

Load Eccentricity | Lever Design Force
(kN) Load Arm
factor | ex ey (m) Pu Hx Hy | Muy | Mux
DLss | 4474.14 | 1.35 6040.09
DLwc | 495.00 | 1.75 866.25
F'Br 166.20 | 0.2 9.19 33.24 305.5
F'Br 20.16 0.2 4.03201
i.Longitudinal Seismic force on substructure.
Flseett | 37.27 1.5 7.94 55.90 443.8
Flsrecz | 40.99 1.5 8.315 61.49 511.3
Flsuia 20.50 1.5 7.69 30.74 236.4
Flssem | 13235 | 1.5 3.595 198.53 713.7
ii. Transverse seismic force on substructure.
F'Srect1 11.18 1.5 7.9 16.77 133.2
F'Srect2 12.30 1.5 8.3 18.45 153.4
F'Stria 6.15 1.5 7.7 9.22 70.9
F'sstem | 39.71 1.5 3.6 59.56 214.1
Flssyp | 74537 | 1.5 9.2 1118.1 10275
Flssup | 23358 | 1.5 9.2 350.4 3219.9
FVssup | 155.72 | 1.5 233.58
FVSsup 46.22 1.5 69.33
Flwce 16.12 1 4.46 16.121 71.9
Flwe | 121.69 1 4.46 121.7 542.76
Woier | 1540.71 | 1.35 2079.95
Fouwoy | 322.16 1 -322.16
Total without dead load 8971.08 | 1514.1 | 576.1 | 12558 | 4334.3
Live Load
LLmaxPu | 997.024 | 0.2 199.405
LLML | 868.76 | 0.2 | 0.4 69.5
LL Mr [997.024| 0.2 1.16 231.31
Total with Live Load 9170.49 | 1514.1 | 576.1 | 12627 | 4565.6

Therefore, Design Axial Force (Py) =9170.49 kN.

Design Horizontal Force (H) =v1514.12 + 576.12 = 1620 kN.

Design Bending Moment (M) = V126272 + 4565.62 = 13427 kN.

. Mu 13427
Eccentricity = T = 1620

= 8.289 m.
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3. Seismic combination 2 ( Transverse seismic force maximum)

Iz(rﬁ;l Load factor Eccerrlltslmty Ij::rflr Design Force(kN or kN-m)
ex ey (m) Pu Hx Hy | Muy | Mux

DLss 4474.1 | 1.35 6040.1

DLwc 495 1.75 866.25

F'Br 166.2 0.2 9.19 33.2 305

FYBr 20.16 0.2 4.032
i.Seismic L Sub

FLsrectl 11.18 1.5 7.94 16.77 133

Flsrect2 12.30 1.5 8.32 18.45 153

FLstia 6.15 1.5 7.69 9.22 70.9

FLsstem 39.71 1.5 3.6 59.56 214
ii.Seismic T sub

F'Srect1 37.27 1.5 7.94 55.9 443.8
F'Srect2 40.99 1.5 8.32 61.5

F'Stia 20.50 1.5 7.69 30.7

F'Sstem | 132.35 | 1.5 3.6 199

Flsap | 223.61 | 1.5 9.19 335 3082

Flsup 778.61 | 1.5 9.19 1168 10733
FVSsup 155.72 | 1.5 233.58

FVssup 46.22 1.5 69.33

Flwc 16.12 1 4.46 16.1 71.9

Flwc 121.69 1 4.46 122 542.8
Wiier | 1540.71 | 1.35 2080

Fbuoy 322.16 1 -322.2
Total without dead load 8971.1 | 489 | 1636 | 4031 | 11720
Live Load
LLmaxPu | 997.02 | 0.2 199.4

LLM. | 868.76 | 0.2 | 0.4 69.5

LLMt | 997.02 | 0.2 1.16 231.3
Total with Live Load 9170.5 | 489 | 1636 | 4101 | 11951
Therefore, Design Axial Force (Pu) =9170.5 kN.

Design Horizontal Force (H) = V4892 + 16362 = 1708 kN.

Design Bending Moment (My) = V41012 4+ 119512 = 12635 kN.

Mu _ 12635

Eccentricity = — = ———— = 7.398 m.

H 1708

213




4. Seismic combination 3 ( Vertical Seismic force maximum)

Eccentricit | Leve
Load y T Design Force(kN or kN-m)
(m) Load factor m) Arm
ex ey (m) Pu Hx | Hy | Muy | Mux
1.3 6040.
DLss 4474.1 5 1
1.7 866.2
DLwc 495 5 5
F"Br 166.2 0.2 9.19 33.2 305
FBr 20.16 0.2 4.032
1.Seismic L Sub
Flsrect1 11.18 1.5 7.94 16.8 133
FLsiect2 12.298 1.5 8.32 18.4 153
FStria 6.1488 1.5 7.69 9.22 70.9
Flsgem | 39.706 1.5 3.6 59.6 214
ii.Seismic T sub
FlSrectl 11.18 1.5 7.94 16.8 133.2
F'Srect2 12.298 1.5 8.32 18.4 153.4
F'Stria 6.1488 1.5 7.69 9.22 70.93
F'Sstem 39.706 1.5 3.6 59.6 214.1
Flssup 223.61 1.5 9.19 335 3082
Flsoup 233583 | 1.5 9.19 350 3220
778.6
FVssup 519.07 1.5 1
231.1
FVssup 154.07 1.5 1
Flwc 16.121 1 4.46 16.1 71.9
FTwc 121.69 1 4.46 122 542.8
1.3
Wier 1540.7 5 2080
Fouoy 322.16 1 322.2
9677.
Total without dead load 9 489 | 576 | 4031 | 4334
Live Load
LLmaxP
u 997.02 | 0.2 199.4
LLMy | 88.76 | 0.2 | 0.4 69.5
LL Mt | 997.02 | 0.2 1.16 231.3
9877.
Total with Live Load 3 489 | 576 | 4101 | 4566
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Therefore, Design Axial Force (Py) = 9877.3 kN.

Design Horizontal Force (H) = V4892 + 5762 = 755 kN.

Design Bending Moment (M) = V41012 + 45662 = 6136.9 kNm.

Mu _ 6136.9
755

Eccentricity = T

7.5. Design of pier stem.
Diameter of pier stem =2.5 m.

Grade of concrete = 30 Mpa.
Height of pier Stem(L) = 8.69 m.

Provide Clear Cover of 75 mm

=8.123 m.

Therefore, effective cover (d' ) =75+ 16 mm = 91 mm.

effective diameter = 2500 — 91 — 91 = 2318 mm.

From above analysis of loads at base of pier stem.

MLII‘

Eccentricit

Combinatio P H My/fckD
" g (kN- y Pu/fD? -

n (kN) (kN) m) (m)
1 10883 606 6684.5 11.037 0.058 0.014
2 10806 818 8182.2 10.007 0.057 0.017
3 9170.5 1620 13427 8.288 0.049 0.028
4 9170.5 1708 12635 7.398 0.049 0.027
5 9877.3 755 6136.9 8.123 0.053 0.013

Design Forces

Design axial force (Pu) =9170.5 kN.

Design Bending Moment (Equivalent Uniaxial) (Mu) = 13427 kNm.

Design Shear Force(Hr) = 1708 kN.

Design Steps

e Slenderness Ratio

KL
Slenderness Ratio = 3
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Here bottom of pier stem is fixed and top end is free to rotate
(elastometric bearing).
Therefore, K= 1.3 (IRC 112, 2020 table 11.1)

1.3 x 8.69
Slenderness Ratio = s =451<12

Hence Pier stem can be designed as a short column.
Calculation of minimum eccentricity

From Is 456 Clause 24.4.
| D B 86900 2500

~300730 500 ' 30
, 80 eccentricity produced due to the moment needs to be consider.

Also, 0.05D = 0.05 x 2500 = 125 mm > e.

e =100.71 mm > 20 mm

Calculation of longitudinal reinforcement.

¢ _ 9 = 0.0364
D 2500
= (0.05

Refer Chart 59 of Sp 16 (IS 456).
P, 9170500
fuD? 30 x 25002

M, 13427 x 10°
f,xD3 30 x 25003
From above value and using chart 59 of SP 16 (IS 456)

p
— =0.02
fck

Therefore Percentage of reinforcement required,
%p = 0.0240 = 0.6% < 0.8% (minimum)
So provide %p = 0.8%

= 0.049

= 0.028

0.8 314 2500
* 3.14 =
100

No of 32 diab i d—39269'9—4882
00 mm dila arrequne = 80424 = .

Hence provide 60 numbers of bars.

= 39269.9

Area of reinforcement required (Asc) =

2318
60

= 121.30 mm.

Spacing of bars = 3.14 *

Area of reinforcement provided = 48254.86 mm.
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Tuv

Calculation of transverse reinforcement.

4 %1708

=————=10.348
3.14 x 25002

Tuv

Temax = 3.5 N/mm? > 0.348 N/mm?
For p =0.8% and M30 concrete, form IS 456 table 19, ¢ = 0.59 N/mm? >

Design Shear Force Vep = 1708 kN

From IRC 112 10.3.2
Vr.D.c=[0.12*¥K*(80*p ! *fck)?33+0.156¢p] * Anct = 2850.479 kN
Nep = 10882.78 kN

K = 1+ 22 = 1.006<2

Ngp  10882.78
Ac 4908739

ch =

=221<02fcd

Vmin = 0.031K¥2 f ck *

Vimin =0.031*%1.006%2*3012 = 0.171

VRDC.min = (Vmin + 0.15 6 ¢p) bwd
=(0.171 + 0.15*%2.21)* 4220042
=2127.338 kN

Vide = Maximum of 2850.479 and 2127.338 kN

=2850.479 kN

Hence Vi4c > 1708 kN so we provide minimum shear reinforcement.

Diameter of tie bar

>32/4 =8mm

> 6mm

Adopt lateral ties of diameter 10mm.

Provide 4-legged 10mm dia lateral ties (Fe 415).
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2

1
Asv = 4 x 3.14 * = 314.16 mm?

Spacing of ties

1)<16 x32=512mm

i) < 300mm

iii) < least lateral dimension of column = 2500mm

Adopt 4-legged 10mm dia. lateral ties @ 150 mm c/c.

7.6. Design of Pile Foundation

Pile Design
Load at the base of the Pier Stem
Vloads Hz My Hy Mz

DL 4474 0 0 0 0
Surface 495 0 0 0 0

Both span live
load | 997.024 0 0 0 1157
one span loaded | 928.711 0 348 0 0
self load 1541 0 0 0 0
braking 20 166 1527 0 0
0 0 0 0 0
Temp 0 0 0 0 0
Water current 0 16 72 0 0
0 0 0 122 543
seismic 202 976 8120 0 0
0 0 0 303 2528

Load combination for Pile Desing ( IRC 78 Wokring Stress based )

Both Span Loaded

Cl1 C2i (L) C2i(T) C3(L) C3(T)

DL 1 1 1 1 1

Surface 1 1 1 1 1

Both span live

load 1 1 1 0 0

0 0 0 0 0

self load 1 1 1 1 1

braking 1 1 1 0 0

0 0 0 0 0

Temp 1 1 1 1 1

Water current 1 1 0 1 0

1 0 1 0 1

seismic 0 1 0 1 0
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Design Loads

DL
Surface

Both span live
load

self load
braking

Temp
Water current

seismic

Case 2
DL
Surface

Both span live
load

self load
braking

Temp
Water current

seismic

Case 3
DL
Surface

Both span live
load

0 0 1 0 1
Case 1

Vloads Hz My Hy Mz
4474.1 0.0 0.0 0.0 0.0
495.0 0.0 0.0 0.0 0.0
997.0 0.0 0.0 0.0 1156.5
0.0 0.0 0.0 0.0 0.0
1540.7 0.0 0.0 0.0 0.0
20.2 166.2 | 15274 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 16.1 71.9 0.0 0.0
0.0 0.0 0.0 121.7 542.8
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
7527.0 1823  1599.3 121.7  1699.3
Vloads Hz My Hy Mz
4474.1 0.0 0.0 0.0 0.0
495.0 0.0 0.0 0.0 0.0
997.0 0.0 0.0 00| 1156.5
0.0 0.0 0.0 0.0 0.0
1540.7 0.0 0.0 0.0 0.0
20.2 166.2 | 15274 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 16.1 71.9 0.0 0.0
0.0 0.0 0.0 121.7 542.8
201.9 976.5 | 8120.1 0.0 0.0
0.0 0.0 0.0 3029 | 2527.7
7729.0 1158.8 9719.4 424.6  4227.0
Vloads Hz My Hy Mz
4474.1 0.0 0.0 0.0 0.0
495.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
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self load
braking

Temp
Water current

seismic

Summary
Case 1
Case 2
Case 3

1540.7 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 16.1 71.9 0.0 0.0
0.0 0.0 0.0 121.7 542.8

201.9 976.5 | 8120.1 0.0 0.0
0.0 0.0 0.0 302.9 | 2527.7
6711.8 992.6 8192.0 424.6 30704
P Hz My Hy Mz

7527.0 182.3 | 1599.3 121.7 | 1699.3

7729.0 | 1158.8 | 9719.4 424.6 | 4227.0

6711.8 992.6 | 8192.0 424.6 | 3070.4

7.6.1. Pile Geometry

Thickness of pile cap = 1.8 m

Length of pile cap = 8.8 m
Width of pile cap = 8.8 m

Edge projection = 0.2m
Number of piles =9

Purposed length of pile =23 m

Diameter of pile = 1.2 m
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3.6000
1N N 1N
N \ N
3.6000

s L1 N N

N N N

N N N

N N N

Fig: arrangement of piles
piles N z 2 z?

1 -3.6 3.6 12.96 12.96
2 0 3.6 0 12.96
3 3.6 3.6 12.96 12.96
4 -3.6 0 12.96 0
5 0 0 0 0
6 3.6 0 12.96 0
7 -3.6 -3.6 12.96 12.96
8 0 -3.6 0 12.96
9 3.6 -3.6 12.96 12.96
Sum 77.76 77.76
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Additional load on pile cap = Length * width * thickness * unit weight of concrete
=88*%9.6*1.8*25
=3484.8 kN

Additional load on piles = Area * length * unit weight of concrete * No of piles

2
n*%*23*25*9

5852.78 kN

7.6.2. Load Distribution on each pile

Total Axial Load

_ Total vertical load + Load from pile cap + Load from pile M

B total no. of piles y
z

* zzz

Horizontal load from pile
total no. of piles

Horizontal load =

Load distribution on piles

Case 1
Due

Axial Hz My Hy Due MZ  Total
1| 1873.8 20.3 74.0 13.5 -78.7 | 1869.2
2| 1873.8 20.3 74.0 13.5 0.0 | 1947.9
3| 1873.8 20.3 74.0 13.5 78.7 | 2026.6
4| 1873.8 20.3 0.0 13.5 -78.7 1 1795.2
5| 1873.8 20.3 0.0 13.5 0.0 | 1873.8
6| 1873.8 20.3 0.0 13.5 78.7 1 1952.5
7| 1873.8 20.3 -74.0 13.5 -78.7 | 1721.1
8| 1873.8 20.3 -74.0 13.5 0.0 ] 1799.8
9| 1873.8 20.3 -74.0 13.5 78.7 | 1878.5
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Case 2 Axial Hz Due My Hy Due M7 Total

1 1896.3 128.8 450.0 47.2 -195.7 | 2150.6
2| 1896.3 128.8 450.0 47.2 0.0 | 2346.3
3] 1896.3 128.8 450.0 47.2 195.7 | 2541.9
4| 1896.3 128.8 0.0 47.2 -195.7 | 1700.6
5| 1896.3 128.8 0.0 47.2 0.0 | 1896.3
6| 1896.3 128.8 0.0 47.2 195.7 | 2092.0
71 1896.3 128.8 | -450.0 47.2 -195.7 | 1250.6
8| 1896.3 128.8 | -450.0 47.2 0.0 | 1446.3
9 1896.3 128.8 | -450.0 47.2 195.7 | 1642.0

Case 3 Axial Hz Due My Hy Due M7 Total

1 1783.3 110.3 379.3 47.2 -195.7 | 1966.8
2| 17833 110.3 379.3 47.2 0.0 | 2162.5
3| 17833 110.3 379.3 47.2 195.7 | 2358.2
4| 17833 110.3 0.0 47.2 -195.7 | 1587.6
5| 17833 110.3 0.0 47.2 0.0 | 1783.3
6| 17833 110.3 0.0 47.2 195.7 | 1979.0
71 17833 1103 | -379.3 47.2 -195.7 | 1208.3
8| 17833 1103 | -379.3 47.2 0.0 | 1404.0
9| 17833 1103 | -3793 47.2 195.7 | 1599.7

Summary of the extremely loaded pile
Axial  Vector sum of H
Case 1 2026.6 24.36
Case 2 25419 | 137.13
Case 3 23582 | 119.96

7.6.3. Pile Design
Purposed pile length (L) =23 m
Pile Diameter (D) =1.2 m

Sub soil parameter for modeling

Modulus of subgrade reaction (1) for very loose sand = 5000 kN/m?

1 D\*
Moment of inertia of pile x — section = 1 * T * (§>

=0.102 m*
Young’s modulus of pile material (E) = 5000 * (f)/>*1000
=27386128 N/mm?
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1
EINS
Stiffness Factor(T) = <77_> =3478m
h

2T=2*3.54=6.96 m
4T=4*354=1391m
Scour depth (e) = 15.39 m

Scour depth (e) ~ 15.39

= = 442
stif fness Factor(T)  3.478 m

21 4, —_ AT
\ |

1 R == 2 _| FORPILES IN SANDS AND
i NORMALLY LOADED CLAYS

/RORL,
'

Ly

N | FOR PILES IN PRELOADED

L Tty CAYS

L/RORL /T

WHERE
Ly=eand Ly= 24

FREE HEAD PILES
- == = FIXED HEAD PILES

Fici. 4 Depra oF Fixiry
From graph,

Depth of point of fixity (Z¢)
stiffness factor(T) a

Zr=3.54*189=6.50m

1.87

For Fixed Head moment

H(e + Zf)3

3
2Er 10

Deflection(y) =

H(e + Zf)

Fixed End Moment(M) = >

P(kN)

H(kN)

Deflection(m)

Moment(kNm)

2026.56

24.36

0.0084

533.2

2541.95

137.13

0.0471

3002.2

2358.22

119.96

0.0412

2626.3
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Calculation of Pile Capacity
Pile diameter (D) =1.2 m

Pile length (L) =23 m
unit weight of soil (y) = 20kN/m?
active earth pressure coefficient (ka) = 0.334

angle of friction between pile and soil (8) =29.94°

Frictional coefficient =tan (6 * %) =0.576

2
Cross sectional area of pile tip (Ap) =1 * DT =1.13 m?

Surface area of pile shaft (As) =1+ D * L = 86.71 m?

Assuming skin friction is applied before end bearing

Overburden | Force

Level pressure Friction
0.0 0.00

0.5 0.00 0.0 0.0
1.0 0.00 0.0 0.0
1.5 0.00 0.0 0.0
2.0 0.00 0.0 0.0
2.5 0.00 0.0 0.0
3.0 0.00 0.0 0.0
3.5 0.00 0.0 0.0
4.0 0.00 0.0 0.0
4.5 0.00 0.0 0.0
5.0 0.00 0.0 0.0
5.5 0.00 0.0 0.0
6.0 0.00 0.0 0.0
6.5 0.00 0.0 0.0
7.0 0.00 0.0 0.0
7.5 0.00 0.0 0.0
8.0 0.00 0.0 0.0
8.5 0.00 0.0 0.0
9.0 0.00 0.0 0.0
9.5 0.00 0.0 0.0
10.0 |0.00 0.0 0.0
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10.5 |0.00 0.0 0.0
11.0 |0.00 0.0 0.0
11.5 |0.00 0.0 0.0
12.0 |0.00 0.0 0.0
12.5 |0.00 0.0 0.0
13.0 |0.00 0.0 0.0
13.5 ]0.00 0.0 0.0
14.0 |0.00 0.0 0.0
14.5 |0.00 0.0 0.0
15.0 |0.00 0.0 0.0
15.5 |310.00 292.2 168.3
16.0 |320.00 593.8 342.0
16.5 |330.00 612.6 352.8
17.0 |340.00 631.5 363.7
17.5 |350.00 650.3 374.5
18.0 |360.00 669.2 385.4
18.5 1 370.00 688.0 396.3
19.0 | 380.00 706.9 407.1
19.5 |390.00 725.7 418.0
20.0 |400.00 744.6 428.8
20.5 |410.00 763.4 439.7
21.0 |420.00 782.3 450.5
21.5 |430.00 801.1 461.4
22.0 |440.00 820.0 472.3
22.5 |1450.00 838.8 483.1
23.0 |460.00 857.7 494.0
Total Skin Friction = | 4076.6

In the above table, following formulas are used :
Overburden pressure = Ka*y*level

Force = Average of Overburden pressure * m * Diameter of pile * difference of
levels

Skin friction = frictional coefficient * force

Total skin friction = 4076.6 kN
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Note: do not take skin friction upto scour depth

End bearing
Coefficient of earth pressure (K;)= 1

angle of friction between pile and soil (8) =29.94°

Frictional coefficient =tan (6 * %) =0.576

Effective overburden pressure at pile tip (Pq) = (L-¢)*K;* y = 152.2kN/m?
Note: end bearing must be taken upto 15 times diameter of pile for greater depth
Angle of internal friction, ¢ at pile tip (Ng) =20

Bearing capacity factor (N,) = 20

2
Cross sectional area of pile tip (Ap) =7 * DT =1.13 m?

Pile diameter (D) =1.2 m
Total end bearing = Ap * (0.5 * D *y *N,, + Pa* Nq )
=3714.12 kN
FoS=2.5

_ ) Total end bearing + Total skin friction
Ultimate Load Capacity (Qu) =

FoS
_4076.6 + 3714.12
B 2.5
=3116.3 kN > extreme axial force (2541.9 kN)
(OK)
Design of reinforcement
Load at the base of the Pier Stem
Vloads  Hz My Hy Mz
DL 4474 0 0 0 0
Surface 495 0 0 0 0
Live load 997 0 0 0| 1157
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929 0 348 0 0
Self-Load 1541 0 0 0 0
Braking 20 | 166 1527 0 0
0 0 0 0 0
Temp. 0 0 0 0 0
W Current 0 16 72 0 0
0 0 0 122 543
Seismic 202 | 976 8120 0 0
0 0 0 303 2528
Factored Loads
1.00 2.00 3.00
Both Loaded Basic Seismic L Seismic T
DL 1.35 1.35 1.35
Surface 1.75 1.75 1.75
Live load 1.50 0.00 0.00
0.00 0.00 0.00
Self-Load 1.35 1.35 1.35
Braking 1.35 1.35 0.00
0.00 0.00 0.00
Temp. 0.90 0.90 0.50
W Current 1.00 1.00 1.00
1.00 1.00 1.00
Seismic 0.00 1.50 0.00
0.00 0.00 1.50
Case 1 V loads Hz My Hy Mz
DL 6040 0 0 0 0
Surface 866 0 0 0 0
Live
load 1496 0 0 0 1735
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Self-
Load
Braking

Temp.
W
Current

Seismic

Total

Case 2
DL
Surface
Live
load

Self
Load

Braking

Temp.
W
Current

Seismic

Case 3
DL
Surface

0 0 0 0 0
2080 0 0 0 0
27 224 2062 0 0

0 0 0 0 0

0 0 0 0 0

0 16 72 0 0

0 0 0 122 543

0 0 0 0 0

0 0 0 0 0
10509 240 2134 122 2278
6040.1 0.0 0.0 0.0 0.0
866.3 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
2080.0 0.0 0.0 0.0 0.0
272 2244 2062.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 16.1 71.9 0.0 0.0

0.0 0.0 00| 1217 542.8
302.9 | 1464.7 | 12180.2 0.0 0.0
0.0 0.0 0.0 0.0 0.0
9316 1705 14314 122 543
6040.1 0.0 0.0 0.0 0.0
866.3 0.0 0.0 0.0 0.0
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Live
load 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Self
Load | 2080.0 0.0 0.0 0.0 0.0
Braking 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Temp. 0.0 0.0 0.0 0.0 0.0
W
Current 0.0 16.1 71.9 0.0 0.0
0.0 0.0 0.0 121.7 542.8
Seismic 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 454.4 3791.5
8986 16 72 576 4334
Summary  Vloads Hz My Hy Mz
1 10509 240 2134 122 2278
2 9316 1705 14314 122 543
3 8986 16 72 576 4334

Thickness of pile cap=1.8 m
Length of pile cap = 8.8 m
Width of pile cap = 8.8 m
Edge projection = 0.2m
Number of piles =9

Purposed length of pile =23 m
Diameter of pile = 1.2 m

Additional load on pile cap = Length * width * thickness * unit weight of concrete
=88*%9.6*1.8*25
=3484.8 kN
Additional load on piles = Area * length * unit weight of concrete * No of piles
2
= MK 23*25%9

=5852.78 kN

Factored total load = 12605.7426 kN

%2.52
4

=2.216 m

Effective square length of pier =
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Width of the Slab (at edge over heavily loaded piles)= ? —

Factored bending moment at the edge

Vertical force | Lever arm Moment

2773 2.492 6909.8 kNm

2674 2.492 6663.6 kNm

2575 2.492 6417.4 kNm
Total 19990.7 kNm

——=3292m
2

Material properties
e Concrete used: M30 (IRC 112-2020 Table 6.4)

e Characteristic strength, fu= 30 N/mm?

e Design compressive strength of concrete, fcd—a;f:k [IRC:112-2020 clause
6.4.2.8]

o a=0.67

e ym=15

. . 0.67xfck _ 0.67+30
e Design compressive strength of concrete, fes= TR T

N/mm?
e Steel used: Fe500
e Yield Strength of Steel, fx=500N/mm?
e Design yield strength of steel, fye= fy/1.15= 0.87fy = 434.783 N/mm?
e Young’s Modulus of Elasticity, Es = 2x10°N/mm?

. . fyd _ 0.87+fy _ 0.87+500
e Yield strain for steel (gyq) = L= Y =
Es Es 200000

=0.0218

e Area factor (B1) =0.810
e CG factor(B2) = 0.416

e Limiting strain on extreme compressed fiber of concrete(ecu2) = 0.0035

Calculation of Limiting Moment
Xiim = —<2__d [SP 105]
€cuzt€yd
_0.0035%1700
"~ 0.0035+0.0218

=1048.7 mm
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Compressive force (C) = B1 X Fea X b X Xiim
_0.810 X 13.40 X 8800 1048.7

1000
=100103.5 kN

CG from steel level (z) = d- B2 x Xiim = 1700— 0.416 x 1048.7
=1263.8 mm

Mu,iim = C x 2= 37450.3% == = 105424.8 KNm

Since, My, 1im 1s less than factor bending moment assumed depth is satisfied.
Design of main reinforcement
Design Bending Moment, Mgq = 19990 kNm
Using IRC: SP: 105-2015 Clause 6.2 (B)
To find the actual neutral axis depth corresponding to Mg
Med = B1 X fed X ber X Xu X (d — B2 x Xy)

This, by solving becomes,

_d d \? Mgq
X“_2x62 \/(MZ) B1xB2xbxfeq

X, = 1700 ( 1700 )2 19990106
2x0.416 2x0.416 0.810x0.416X8800%13.40

Xy =153.6 mm

Area of tension reinforcement

Ag = fMEjZ with z = (d — P2 x Xu) = (1700 — 0.416 X 153.6) = 1636.1024 mm
yd
6
Ag = ——2029 __ _98101.5 mm?

B 434.783 X1636.1024

Provide 32 mm diameter bar.

Cross sectional area of each bar (A) = 804.25 mm?

b+A _ 8800%804.25
A 281015

Provide 32mm dia bars @200 mm spacing = 35386.9 mm?
Check
As per clause —16.5.1.1 (1) of IRC: 112: 2020, the minimum area of tension

=251.84 mm?

Spacing required =

reinforcement shall not be less than that given by following:

As min = 0.26 22 b.d but not less than 0.0013 bd

fyk

232



Here, For M30
fem= 2.5 [Table 6.5 of IRC: 112: 2020]

As, min = 0.26% 52?50 % 3292x1700 but not less than 0.0013%3292x1700

=7275 mm? but not less than 7275mm?
= 7275mm?
Ast, provided > As, min, OK

As per clause —16.5.1.1 (2) of IRC: 112: 2020, the maximum area of tension
reinforcement shall not exceed:

As, max=0.025 A

A, max= 0.025x [1700%3292] = 139910 mm?

Ast, provided < As, max, OK

Horizontal reinforcement = 0.001 A.= 0.001*1800%3292 = 5925.989 mm?

Using 16mm bars with area 201 mm?

Spacing = 223.40 mm

Adopt 16 mm bars @ 200 c/c.

Design of top bars

Top bars (as per IRC 78 clause 707.2.8)

Minimum reinforcement in any face >250mm? per m

Provide 12 mm dia bar @ 200mm c/c

Area provided Ast = 1000/200 x T x 62> = 565.48 mm? > 250 mm? (ok)

e Check For Punching Shear

Ast provided = 4021.2 mm?

Therefore, p1=4021.2/(1700%1000*1000)
=0.002365 %

Fek =30 Mpa

Effective depth of pile cap(d) = 1.7 m.

Diameter of pile(D) = 1.2 m.

Edge projection = 0.2 m.

D
Radius of control perimeter = ) +2d =4m.

For Internal Pile

Perimeter (u;) = 2*3.14*¥*4 =25.13 m
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Eccentricity(e) = 1357.93/3123.6 = 0.435 m.

B=1+06m(>=)=1102

Vep = B+ T == 0.233 N/mm’
200\ %5
K—1+(T) =134 <2

1

vy = 0.031 % K2 # f2 = 0.117 N/mm?
Vide = 0.286 N/mm?

Hence Vep < Vi Hence ok

For Corner Pile

Angle for corner pile = 1.9735 radians.

Ui =7.894 m.

U, =6.283 m.

- Mgp U1\
B=1+k(G2x H=1.065
Vep = 0.264
K=1.34

Vimin= 0.117 N/mm?
Vide =0.286 N/mm? > Vgp (0k)

DESIGN OF SHEAR REINFORCEMENT
Design shear force, Vs =8021 KN

Maximum Allowable Shear Force (for maximum shear force take © = 45°)

Vedmax = Gewbywzvy —L€—  [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8]

cotf+tan 6

Here,
VRrD, max =The design value of maximum shear force

acqy=1 for 6cp=0 (RCC)
Lever Arm(z)=0.9d
=0.9%1.7=1.53

v, =06 (1 — %) is the strength reduction factor

fcd = 0-4‘4‘6ka
0=45°

Now,
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. — fcd
. VRd,max - acwbwzvl

cotf+tan 6
= 1x 8800 X 1530 X 0.6 (1 — —=) x —== ek
—48814.383 kN
And,
VRrdas=VNs=VEp*+VeedtVie= VEp= 8021 kN
Here,

For uniform cross section: Vecd=Vtd=0

Vrds =The design value of the shear force

Vs =Net Design Shear Force = Algebraic sum of VED, Vced and Vtd

Veed =Design value of the shear component of the force in the
compression area, in the case of an inclined compression chord

V4 =Design value of the shear component of the force in the tensile

reinforcement, in the case of an inclined tensile chord

~Since, Vrds < VRdmax, the section is safe

Allowable shear force without shear reinforcement: [IRC 112-2020 clause
10.3.2]

The design shear resistance of the member without shear reinforcement Vgq.c is

given by:

Via.c = [0.12K(80p; f1)*2 + 0.150,, b, d

Via.cmin = (Vmin + 0.150,, )by, d

K=1+ 22 <
20 <

_ 200

1700
=1.34
Vinin = 0.031K32fck 2

=0.031x1.3432x30!2

=0.263
Gep=0
pl = % = 0.0024 < 0.02- Reinforcement ratio for longitudinal reinforcement
~ p1=0.0024

~VRrae=[0.12%1.34% (80 X 0.0024 x 30)°33] x8800x1700
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=4276 kN

And, Vrd.c=(Vmin+0.15c¢cp) Xbwd
=(0.263+0.15% 0) x 8800x 1700
=3953.362 kN

Maximum of Vrda.c & VRrd.c, min=4276 kN
VEeq =The design shear force at a cross-section resulting from external loading
=8021

~Since VE¢™> VRd., shear reinforcement design is required

CALCULATION OF SHEAR REINFORCEMENT IRC 112:2020 C110.3.3.1.-4

By equating Vns and | Vzg max We get

. 2V, )

1(_2Ypa
sin (acwbwzvlfcd
2

: _1( 2 x 8021 x 1000 )

sin
1 x 880 x 1530 x 0.542 x 0.446 X 30
2

~ 0=

=4.686°

~As per the code 21.8°<0<45°
Adopt 6=21.8°

~Vrds=VNs=VEp= ASTW X z X fywd X cotf

S=€STW X z X fywd X cotf
Provide 26 legged 12 mm stirrups

~Fywd=500/1.15=434.78 N/mm?

_ 26%113.09
8021x103

=609.72mm

X 1530 X 434.78 % cot21.8°

=~ Provide spacing = 350mm

check
Asw _ 2940.531

= =0.00095
sxby,  350x8800

Shear reinforcement ratio pw=

Minimum shear reinforcement ratio:
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. _ 0.072xVfck_0.072xv/30
*+Pmin fyk 500

=(0.00079 Since, pw> Pmin, (0k)

Hence provide 12 mm 26- legged vertical stirrups at 350mm c/c spacing

Design of pile stem.

Diameter of pile stem = 1.2 m.

Grade of concrete = 30 Mpa.

Height of pile Stem(L) =23 m.

Provide Clear Cover of 75 mm

Therefore, effective cover (d' ) =75 + 12.5 mm = 87.5 mm.
effective diameter = 1200 — 87.5 — 87.5 = 1025 mm.

From above analysis of loads at base of pile.

Design Forces

Design axial force (Pu) =3123.61 kN.

Design Bending Moment (Equivalent Uniaxial) (Mu) = 2079.37 kNm.
Design Shear Force(Hr) = 189.94 kN.

7f=6.5 m

Eccentriity = Deflected length = Zf+e =21.89 m.

Design Steps

e Calculation of longitudinal reinforcement.

d 875 0.072
D 1200
= 0.1

Refer Chart 60 of Sp 16 (IS 456).
P, _ 3123610 _
f4D2 30 x 12002

M, 2079370 x 10°
fqxD3 30 x 12003

= 0.040
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From above value and using chart 60 of SP 16 (IS 456)

p
— =0.03
fck

Therefore Percentage of reinforcement required,
%p = 0.03*39 = 0.9% < 0.8% (minimum)
So provide %p = 0.9%

0.9 1200

* 3.14 * =10178.62

Area of reinforcement required (Asc) =

Area of 25 mm diameter bars = 490.87

No of 25 diab i d—10178'62—20736
00 mim dila arrequlre = 490.62 = .

Hence provide 22 numbers of 25 diameter bars.

Spacing of bars = 3.14 * %25 = 145.37 mm.

Area of reinforcement provided =9017.14 mm.

Calculation of transverse reinforcement.

_ 4+189940
W3 Tax12002

Temax = 3.5 N/mm? > 0.16 N/mm?
For p =0.9% and M30 concrete, form IS 456 table 19, tc = 0.59 N/mm>tuy
Design Shear Force Vep = 189.94 kN
From IRC 112 10.3.2
Vr.D.c=[0.12*¥K*(80*p ! *fck)?33+0.156¢p] * Anct = 606.05 kKN
Nep =3123.61 kN

K= 1+ /2;;" = 1.015 < 2

_Nep _312369+108 .
%P T A, T 1130973 “ 2/
~0.2%13.4=2.68

Vmin = 0.031K¥ f ck *
Vmin =0.031*1.015%2%3012 = 0.173
VRDC.min = (Vmin + 0.15 6 ¢p) bwd
=(0.173 + 0.15*2.68)* 813927
=468.66
Ve = Maximum of 606.05 and 468.66 kN
=0606.05 kN
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Hence Vi4c > 189.94 kN so we provide minimum shear reinforcement.
Diameter of tie bar

>25/4 =6.25mm

> 6mm

Adopt lateral ties of diameter 8mm.

Provide 4-legged 8§ mm dia lateral ties (Fe 415).

82
Asv = 4 % 3.14 * i 200.96 mm?

Spacing of ties

1) <16 x 25 =400 mm

i) <300mm

iii) < least lateral dimension of column = 1200mm

Adopt 4-legged 8mm dia. lateral ties @ 200 mm c/c.

239



ii.

iil.

1v.

Vi.

ii.

1il.

iv.

REFERENCES

Garg, S.K., Hydrology and Water Resources Engineering. Khanna Publishers.

Raju, N. K. Design of Bridges (Fourth ed.). New Delhi: Oxford & IBH
Publishing Co Pvt. Ltd.

B.C. Punmia, A. J. (2007). Limit State Design of Reinforced Concrete (First
ed.). New Delhi: Laxmi Publication (P) Ltd.

Duggal, S. K. (2008). Design of Steel Structures (Third ed.). New Delhi: Tata
McGraw-Hill Publishing Company Ltd.

Dr. Suwal, R. (2019). Design of Bridges (First ed.). Kathmandu: Mark Line
Publication.

Design Examples provided by Assoc. Prof. N.C. Sharma, IOE, Pulchowk.

CODES AND STANDARD

‘IRC: 5-2015 Standard specification and code of practices for road bridges,
section-I General Features of Design’, Indian Road Congress, 2015.

‘IRC: 6-2017 Standard specification and code of practices for road bridges,
section-II Loads and Stresses’, Indian Road Congress, 2017.

‘IRC: 21-2000 Standard specification and code of practices for road bridges,
section-1II —Cement concrete (plain and reinforced)’, Indian Road Congress,
2000.

‘IRC: 78-2014 Standard specification and code of practices for road bridges,
section-VII —Foundation and substructure’, Indian Road Congress, 2000.

‘IRC: 83(Part II)-1987 Standard specification and code of practices for
road bridges, section IX —Bearings- part II: Elastomeric bearings’, Indian

Road Congress, 1996

240



DRAWINGS

241



