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Salient Features  

 
Particulars  

Required  
Information/Range/Values  

         Title of the Project  Design of RCC T-Girder Bridge 

Location   
Province  Bagmati  
District  Sindhupalchowk 

Village  Chehere 

Name of Road  Araniko Highway 

Geographical Location   
Longitude  85°43'54.36" E 
Latitude  27°40'23.30" N 

Classification of Road  District Road  
Type of the road surface  Earthen Road  
Terrain/Geology  Hill 

Information on the structure   
Total length of the bridge  90 m  
No. of Span  3 spans  

Span length  30 m 
Total width of the bridge  11 m  
No. of lanes  Two lanes  
Width of Carriageway  7.5 m  
Width of footpaths with 
railing  

1.75 m  

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 Pile foundation 

Design data   
Live load  IRC Class 70R, IRC Class A  
Design discharge  2913.89 m3/s 
Linear waterway(Provided)  90 m  
Catchment Area  3189 km2

  



 
 

                       
Scour depth 

i) Pier 
ii) Abutment 

 
7.62 m  
4.84 m 

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 
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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 

 

 

 



3 
 

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 
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2. Methodology 

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

methodology were adopted: 
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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 

 

c) 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. 
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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 ) 

c) 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) 
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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 

i) 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 
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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 

c

c
 spacing of longitudinal girder =  

width of deck − 2 ∗ width of cantilver 

n − 1
 

                                                        

   =  
 11 − 2 ∗ 2.25

2
  

                                                        = 3.25 m 
 

∴ Provide c/c spacing 3.25 m  

 

d) Fillet size = 150×100mm (general practice) 

e) 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 

c) 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  
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Cross Girder 

From IRC 2021, clause no.305.3 

a) width of cross girder =400mm        

b) Depth of cross girder =  
 ଷ

ସ
  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/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 

c) Cross section of post= 200mm×200mm concrete post 

d) No. of posts = 16@ 2m c/c spacing on each side 

e) 3×50mm nominal bore heavy steel pipe @6.19 kg/m, thickness of 4.5mm and 
sectional area of 7.88cm2  (IS code 116:1998 Table 1) 
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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:  

 

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

 

C. River Length:  
 

 

 

 

The longest path measured from the GIS 

software is 137.54km . 
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D. Land cover area:- 

 

 

 The snow cover Area is 270.71 km. sq. 

 

 

 

 

 
E. Catchment area division: - 

 
 

4.3. Calculation of design discharge 

1.Ryves method  

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

Qp = CR  × A2/3 

    Where, 

             Qp = maximum flood discharge(m3/s) 

             CR = Ryves coefficient ( 10.2 for Nepal ) 

             A = Area of catchment in sq. km 

Here,  

            A = 3189 sq. km  
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        ∴  Qp = 10.2 × 31892/3 

                         = 2209.89 m3/s. 

2.Fuller’s method 

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

Q=Cf ×A0.8(1 + 0.8log10 T) 

Where, 

          Q = maximum discharge  

Cf = 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 

Cf =1.45 for Nepal  

Then  

Q =1.45 × 31890.8(1+0.8log10(100)) 

    = 2394.77 m3/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 × (A3000+1)0.7342  

Where,  

           Q = Maximum discharge in m3/s 

           A3000 = Catchment area below 3000m elevation = 934.42 sq.km  

Then, 

    Q =14.63 × (934.42 + 1)0.7342  

        = 2221.0409 m3/s 
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4.DHM 2004 

The formula for 100 years return period is given by  

Q = 20.7 (A3000)0.72     

Where,  

Q is the design flood in m3/s . 

A3000  is the basin area in sq km below 3000 m elevation. 

 Then,  

     Q = 20.7 (934.42)0.72     

         = 2849.44 m3/s 

 

5 . MODIFIED DICKENS METHOD 

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

Design discharge:  Qt = CD × A3/4   

Where,   

           CD = Dicken’s constant 

                = 2.342×log10(0.6 T) × log10 (1185/P) + 4  

        T= return period in years = 100  

         𝑃 = 100
(As + 6)

(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 

         P = 100
(As + 6)

(A + As)
=  100

(270.71 + 6)

(3189 + 270.71 )
= 8  

        CD = 2.342×log10 (0.6T) ×log (
ଵଵ଼ହ


) + 4 

             = 2.342×log (0.6×100) ×log (
ଵଵ଼ହ

଼
) + 4 

             = 13.02 
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Qt = CD × A3/4   

     = 13.02 × 31893/4 

     = 5505.41 m3 /s 

6.Gumbels & Method 
 

Year  Thokark Sangha 
chowk Gumthung Dolal ghat Avg 

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 35.4 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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𝑀𝑒𝑎𝑛(𝜇 ) =
∑𝑋

𝑛
= 80.90 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛(𝜎) = ඨ
∑(𝑥 − 𝜇)ଶ

𝑛 − 1
 = 16.455 

From Gumbels Table, 

Yn = 0.5402  

Sn = 1.128 

And we have, 

Yt  = -Ln(ln×(T/(t-1)) 

For the return period, T= 100 years  

Yt = 4.60  

And Kt = (Yt – Yn )/Sn 

Therefore K100 = 3.59 

Therefore, X100 =      𝜇 + 𝐾ଵ𝜎    

                                      = 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 

𝐼 =
𝑋ଵ

24
∗ ൬

24

𝑇
൰

ଶ
ଷ
 

   = 9.96 mm/hrs  

Now,  

𝑄 =
𝐶𝐼𝐴

360
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Where I= Rainfall Intensity 

           C= Coefficient of runoff = 0.330 

           A=Catchment area 

           Q=Flow Discharge 

𝑄 =
.ଷଷ∗ଽ.ଽ∗ଷଵ଼ଽ.ଶଷ

ଷ.
= 2913.89 m3/sec. 

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:  

        V=
ଵ


R 2/3S1/2 

And  Q=
ଵ


A.R 2/3S1/2 

Here  

V=Velocity 

Q=Discharge 

S=Bed Slope           

R =Hydraulic Radius 

   =A/P 

n= manning’s coefficient = ((d50) ^ (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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Stage (m) A(m2)  P (m)  R (m) Q (m3/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.   

 

Design discharge 

S No Method Discharge 

1 Ryve’s Formula  2209.89 m3/sec 

2 Fuller Method  2394.77 m3/sec 

3 WECS Method  2221.04 m3/sec 

4 DHM 2004 Method  2849.44 m3/sec 

5 Modified Dicken Method  5505.41 m3/sec 

6 Rational (Gumbel) Method  2913.89 m3/sec 

7 Slope Area Method  2571.125 m3/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 m3/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 
(m) 

Area 
(m2) 

Perimeter 
(m) 

Hydraulic  
radius(m) 

Velocity 
m/s) 

Discharge 
(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 
 

 

 

    Fig: - Rating curve  

 

HFL corresponding to design discharge 2913.89 m3/s is 614.69 m.  

 

4.6. Linear Waterway  

According to Kellerhals, mean channel width is given by  

B=3.26Q0.5 for gravel bed channels   

  = 175.97 m   
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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=4.75Q0.5   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 km2 increased discharge by 30 %  

For Catchment Area of 1000 km2 increased discharge by 20% 

Therefore, For Catchment Area of 3189.239 km2 increased by 29.73 % 

So, 

Q=3780.099 m3/s  

Mean Depth of scour below HFL (dsm) = 1.34 ∗(
್

మ

ೞ
)ଵ/ଷ 

Where 

        Db = Design discharge in per unit width  

        Ksf = silt factor = 1.76ඥd୫ 

Calculation of Db  

Db= Q/w  

    =3780.08/90  
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     = 42.000 

Calculation of ksf  

Ksf =1.76√dm  

Where dm  median size of bed material in mm. 

For our site, from geotechnical report  

dm  =2 mm 

Then , 

ksf = 2.49 

∴Dsm = 1.34 (422/2.49)1/3 

       =11.95 m 

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 ×d 

                             =2*11.95 m= 23.9 

For abutment  

(Dsm)max = 1.27 × d 

                    =1.27*11.95 = 15.17 m 

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)2 –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 m2 

    =588.98 m2 

a = Constricted area of the river at proposed site in m2 

   = 536.43 m2 

Hence, h = [4.9472/17.88 +0.015] [(588.98/536.43)2 –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 m3/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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5.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: 

 
S.N 

 

 
      Description 

 
Formula 

(calculation) 

 
FOS Load 

(kN/m) 
Load 

Arm (m) 

Bending 
Moment 

(kNm/m) 

1 Handrail      

  
(a) Post 

   
(25×1.1×0.2×0.
2×16)/30 

 
1.35 

 
     0.792 

 
1.95 

 
      1.544 

  
      (b) Rail Post 

 
(4 × 6.19 × 
9.81)/1000 

 
1.35 

 
     0.328 

 
1.95 

 
      0.639 

2 Footpath/Kerb 25×0.225×1
.75 

1.35      13.289 1.225      16.279 

3 Wearing Coat 22×0.05×0.
35 

1.75      0.674 0.175       0.118 

 
4 

Slab 
(Rectangular part) 

 
25×0.17×2.

1 

 
1.35 

 
     12.049 

 
1.05 

 
      12.651 

5 
Slab 

(Triangular part) 
0.5×2.1×0.1

5×25 
1.35       5.316 0.7        3.721 

                                  Total 32.447         34.953 
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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+2×(50+235) = 1070 mm  

Effective width of dispersion be is computed using, 

                           beff  = (1.2a+b1) ) ≤ l/3 

where, beff = effective width of slab 

a = distance of the CG of the concentrated load from the face of cantilever support 

   = 0.485/2 = 0.2425 m  

b1 = breadth of concentrated area of load  

     = w+2h 

     = 0.25+2×0.05 

     = 0.35 

beff  = 1.2×0.2425+0.35 = 0.641m 

l/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 = (114/2×485/1070×1.5)/0.641 

                                                                          = 60.445 kNm 

Maximum bending moment due to live load = 60.445×0.485/2×1.5 

                                                                       = 21.987 kNm 

 

5.1.3. Bending moment due to pedestrian load 
Loading = 400kg/m2 = 4kN/m2 

Bending moment = 4×1.5×(0.35+1.5/2)×1.5 
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                                = 9.9 kNm 

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 

Effective depth required = ඨ
M

0.36 ∗ 0.48 ∗ (1 − 0.42 ∗ 0.48) ∗ 𝑓𝑐𝑘 ∗ 𝑏
      

                                               = ඨ
66.840

0.36 ∗ 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   

M = 0.87 ∗ f୷ ∗ 𝐴௦௧ ∗ ቆ𝑑 −
𝑓௬  𝐴௦௧

𝑓 𝑏
ቇ 

66.84 ∗ 10ଷ ∗ 10ଷ = 0.87 ∗ 500 ∗ Aୱ୲ ∗ ൬272 −
500 ∗ Aୱ୲

30 ∗ 1000
൰ 

Solving, we get,  

Ast (required) = 585.946 mm2 

Ast (minimum) = 0.12% of bD = 0.12/100 × 1000 × 235  

                         = 282 mm2  < Ast (required)   

Provide 16 mm dia bars  

Then, Ao = 
గ

ସ
 × 162 = 201.062 mm2 

Spacing (required) = (201.062×1000)/585.946 =343.141 mm  

Provide spacing of 200 mm.  

Then,  

        Ast, provided = (201.062×1000)/200 = 1005.31 mm2 > Ast,req (ok) 

Hence, provide 16 mm ϕ bars at 200 mm c/c spacing. 
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5.1.6. Calculation for Transverse Reinforcement 

Effective depth provided = 320 – 40 – 16 – 10/2 = 259 mm 

Bending Moment in the transverse direction(Mt) = 0.2BMDL + 0.3BMDL  

 = 0.2×34.953+0.3×(21.987+9.9) 

 = 16.557 kNm 

Calculation of Reinforcement 

M = 0.87 ∗ f୷ ∗ 𝐴௦௧ ∗ ቆ𝑑 −
𝑓௬  𝐴௦௧

𝑓 𝑏
ቇ 

16.557 ∗ 10ଷ ∗ 10ଷ = 0.87 ∗ 500 ∗ Aୱ୲ ∗ ൬259 −
500 ∗ Aୱ୲

30 ∗ 1000
൰ 

Solving, we get, 

Ast (required) = 148.377 mm2 

Ast (minimum) = 0.12% of bD = 0.12/100 × 1000 × 235  

 = 282 mm2 > Ast,req (ok) so, provide minimum reinforcement 

Provide 10 mm dia bars  

Then, Ao = 
గ

ସ
 × 102 = 78.54 mm2 

Spacing (required) = (78.54×1000)/282 =278.51 mm  

Provide spacing of 200 mm.  

Then,  

        Ast, provided = (78.54×1000)/200 = 392.7 mm2 > Ast,req (ok) 

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

5.1.7. Check For Shear 

From Irc 112 10.3.2 

Design Shear Force(VED)= Total DL + Live Load =  32.447 + 60.447= 92.892 kN 

     K = 1 + ට
ଶ

ௗ
   = 1 + ට

ଶ

ଶଶ
 = 1.85 < 2 

     VR.D.C=[0.12×K×(80×ρ1×fck)0.33+0.15σcp]×Anet  

    Therefore, Vୖୈେ = 0.12 ∗ 1.85 ∗ ቀ80 ∗
ଵହ.ଷଵ

ଶଶ∗ଵ
∗ 30ቁ

.ଷଷ
൨ ∗ 1000 ∗ 272 

                                 = 124.091 kN > VED 
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     NED = 0 

          σୡ୮ = 0 

 Hence Vrdc > 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 ∗ xଶ = kAୱ୲ ∗ (𝑑 − 𝑥) 

1000×x2 = 6.45 ×(272 – x) 

Solving we get, x=53.26 

We know, 

 

  𝜌, =
𝐴௦

𝑏 ∗ ℎ
 

Where hceff 
 is least of following, 

i) 2.5(h-d) = 2.5×(320-272) = 2.5×48 = 120 

ii) (h-x)/3   =  (320-53.26)/3 = 88.91 

iii) h/2 = 320/2 = 160 

So, hcef  taken as 88.91. 

𝜌, =
1005.31

1000 ∗ 88.91
= 0.011 

σୱୡ =
M

ቀd −
x
3

ቁ Aୱ୲

=
40.54 ∗ 10

ቀ272 −
53.26

3
ቁ 1005.34

= 158.6 

K୲ = 0.5  

Using above equation we get, 

 Esm-Ecm = 1.84×10-4 <0.6×(σୱୡ/𝐸𝑠 ) 
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        =4.758×10- 

Calculating Srmax 

𝑆(௫) = 3.4𝑐 +
0.425𝑘ଵ𝑘ଶ ∗ 

𝜌,
 

               =149.26 

Therefore crack width can be calculated is, 

Wk = Sr,max ×(Esm – Esm) 

      =149.26×6.60×10-4 

      =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 × 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= (0.22×1×1×25)= 5.5 kN/mm2  

Factored Dead wt of slab = 5.5×1.35 = 7.425 kN/mm2 

Dead wt. of wearing course = 0.1×1×1×25 = 2.2 kN/mm2 

Factored Dead wt. of wearing course = 2.2×1.75 =3.85 kN/mm2 

Total Dead load = 7.7 kN/mm2 

Factored Total Dead load =11.275 kN/mm2 

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

Factored Dead load BM = 
୵୪మ

଼
 = 

ଵଵ.ଶହ∗ଷ.ଶହమ

଼
= 14.887 kNm 

Factored Dead load SF = 
௪

ଶ
=

ଵଵ.ଶହ∗ଷ.ଶହ

ଶ
= 18.322 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+2×0.1 = 0.45m  

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

ଶ
=

1.625 m 

From IRC 112-2020 Table 3.2 α = 2.6 

Effective width of slab on which load acts (beff)  

= α x a x ቀ1 −  
ୟ

ୗ୧ୣ ୭ ୱ୪ୟୠ ୟ୪୭୬ ୱ୦୭୲ୣ୰ ୢ୧୰ୣୡ୲୧୭୬
ቁ +  b1 

= 2.6 ∗ 1.625 ∗ ቀ1 −
ଵ.ଶହ

ଷ.ଶହ
ቁ + 0.45 

= 2.5625 m 
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Effective width (beff) = 
ଶ.ହଶହ

ଶ
+ 1.2 +

ଶ.ହଶହ

ଶ
= 3.7625 m 

Effective length(leff) =0.5+2×(0.22+0.1) 

= 1.14 m 

Intensity of load = 
ଵଵସ

ଵ.ଵସ∗ଷ.ଶହ
= 26.578 kN/m2 

Maximun Bending Moment 

= ቀ
ଶ.ହ଼∗ଵ.ଵସ∗ଷ.ଶହ

ସ
ቁ  – 

ଶ.ହ଼∗ଵ.ଵସ∗ଵ.ଵସ

଼
  

=20.3 kNm/m  

Continuity factor= 0.8  

Impact factor= 
ସ.ହ

ାୗ୧  ୭ ୱ୪ୟୠ ୟ୪୭୬ ୱ୦୭୰୲ୣ୰ ୢ୧୰ୣୡ୲୧୭୬
 =

ସ.ହ

ାଷ
= 0.125 

BM including CF and IF = Max. BM x Continuity factor x (1 + Impact factor) 

=20.3 × 0.8 × (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+2×0.1= 0.45m  

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

= 
(ୣୡ୲୧୴ୣ ୪ୣ୬୲୦ ୭ )

ଶ
 =0.57m 

Effective width of slab on which load acts (beff)  

=  α x a x ൬1 −
a

Size of slab along shoter direction
൰ +  b1 = 1.67 m  

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 =
ଵଵସ

ଶ.଼∗ଵ.ଵସ
= 34.84 kN/m2  

Maximum shear force at support = 
ଷସ.଼ସ∗(ଷ.ଶହିଵ.ଵସ/ଶ)∗ଵ.ଵସ

ଷ.ଶହ
 

= 32.751 kN 

SF including CF and IF = Max. SF x (1 + Impact factor)  

=32.751 × (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+2×0.1 = 0.45m  

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

ଶ
= 1.625 m 

From IRC 112-2020 Table 3.2 α = 2.6 

Effective width of slab on which load acts (beff)  

= α x a x ቀ1 −  
ୟ

ୗ୧ୣ ୭ ୱ୪ୟୠ ୟ୪୭୬ ୱ୦୭୲ୣ୰ ୢ୧୰ୣୡ୲୧୭୬
ቁ +  b1 

= 2.6 ∗ 1.625 ∗ ቀ1 −
ଵ.ଶହ

ଷ.ଶହ
ቁ + 0.45 

= 2.5625 m 

Effective width (beff) = 
ଶ.ହଶହ

ଶ
+ 1.37 +

ଶ.ହଶହ

ଶ
= 3.933m 

Effective length(leff) =0.86+2×(0.22+0.1) 

= 1.5 m 

Intensity of load = 
ଵ

ଵ.ହ∗ଷ.ଽଷଷ
= 28.816 kN/m2 

Maximun Bending Moment 

= ቀ
ଶ଼.଼ଵ∗ଷ.ଶହ∗ଵ.ହ

ସ
ቁ  – 

ଶ଼.଼ଵ∗ଵ.ହ∗ଵ.ହ

଼
  

=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 × Continuity factor × (1 + Impact factor) 

=27.015 × 0.8 × (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+2×0.1= 0.45m  

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

= 
(ୣୡ୲୧୴ୣ ୪ୣ୬୲୦ ୭ )

ଶ
 =0.75m 



33 
 

Effective width of slab on which load acts (beff)  

=  α ∗  a ∗ ൬1 −
a

Size of slab along shoter direction
൰ +  b1 = 1.95m  

Effective width (m) = beff + c/c spacing of load = 1.95 + 1.37 = 3.32 m 

Effective length =1.5 m 

Intensity of load for shear force =
ଵ

ଷ.ଷଶ∗ଵ.ହ
= 34.136 kN/m2  

Maximum shear force at support = 
ଷସ.଼ସ∗(ଷ.ଶହିଵ.ହ/ଶ)∗ଵ.ହ

ଷ.ଶହ
 

= 39.388 kN 

SF including CF and IF = Max. SF × (1 + Impact factor)  

=39.388 × (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+2×0.1 = 4.77m  

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

ଶ
=

1.625 m 

From IRC 112-2020 Table 3.2 α = 2.6 

Effective width (beff)  

= α x a x ቀ1 −  
ୟ

ୗ୧ୣ ୭ ୱ୪ୟୠ ୟ୪୭୬ ୱ୦୭୲ୣ୰ ୢ୧୰ୣୡ୲୧୭୬
ቁ +  b1 

= 2.6 ∗ 1.625 ∗ ቀ1 −
ଵ.ଶହ

ଷ.ଶହ
ቁ + 4.77 

= 6.883m 

Effective length(leff) =0.84+2×(0.22+0.1) 

= 1.48 m 

Intensity of load = 
ଷହ

ଵ.ସ଼∗.଼଼ଷ
= 34.361 kN/m2 

Maximun Bending Moment 

= ቀ
ଷସ.ଷଵ∗ଷ.ଶହ∗ଵ.ହ

ସ
ቁ  – 

ଷସ.ଷଵ∗ଵ.ହ∗ଵ.ହ

଼
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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 × Continuity factor × (1 + Impact factor) 

=31.911 × 0.8 × (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+2×0.1= 0.45m  

 

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

= 
(ୣୡ୲୧୴ୣ ୪ୣ୬୲୦ ୭ )

ଶ
 =0.74m 

Effective width of slab(beff)  

=  α ∗  a ∗  ൬1 −
a

Size of slab along shoter direction
൰ +  b1 = 6.255m  

Effective length =1.48m 

Intensity of load for shear force =
ଷହ

.ଶହହ∗ଵ.ସ଼
= 37.802 kN/m2  

Maximum shear force at support = 
ଷସ.଼ସ∗(ଷ.ଶହିଵ.ସ଼/ଶ)∗ଵ.ସ଼

ଷ.ଶହ
 

= 43.208 kN 

SF including CF and IF = Max. SF × (1 + Impact factor)  

=43.208 × (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+2×0.1 = 0.45 m  
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Distance of C.G. of concentrated load from the nearer support (a) = 
ଷ.ଶହ

ଶ
=

1.625 m 

From IRC 112-2020 Table 3.2 α = 2.6 

Effective width (beff)  

= α x a x ቀ1 −  
ୟ

ୗ୧ୣ ୭ ୱ୪ୟୠ ୟ୪୭୬ ୱ୦୭୲ୣ୰ ୢ୧୰ୣୡ୲୧୭୬
ቁ +  b1 

= 2.6 ∗ 1.625 ∗ ቀ1 −
ଵ.ଶହ

ଷ.ଶହ
ቁ + 0.45 

= 2.563m 

Effective length(leff) =0.86+2×(0.22+0.1) 

= 1.5 m 

Intensity of load = 
ଶ

ଵ.ହ∗ଶ.ହଷ
= 35.250 kN/m2  

 

Maximum Bending moment = ൬
35.25 ∗ 3.25 ∗ 1.5

4
൰  – 

35.250 ∗ 1.5 ∗ 1.5

8
  

                                                  = 33.047 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 × Continuity factor × (1 + Impact factor) 

=33.047 × 0.8 × (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+2×0.1= 0.45m  

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

= 
(ୣୡ୲୧୴ୣ ୪ୣ୬୲୦ ୭ )

ଶ
 =0.75m 

Effective width of slab(beff)  

=  α ∗  a ∗ ൬1 −
a

Size of slab along shoter direction
൰ +  b1 = 1.95m  

Effective width (m) = beff + c/c spacing of load = 1.95 + 1.22 = 3.17 m 

Effective length =1.5m 

Intensity of load for shear force =
ଷହ

ଷ.ଵ∗ଵ.ହ
= 42.061 kN/m2  
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Maximum shear force at support = 
ସଶ.ଵ∗(ଷ.ଶହିଵ.ହ/ଶ)∗ଵ.ହ

ଷ.ଶହ
 

= 48.531 kN 

SF including CF and IF = Max. SF × (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 ×1.5 +14.887 = 64.458 kNm 

Total Factored Maximum Shear force = 60.665 ×1.5+18.322 = 109.320 kN 

 

 

Design of Section using LSM: 
  Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଵଶ

.ଷହା.ଶଵ଼
 = 106.079 mm 

Compressive force (C) = β1 × Fcd × b × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଵ × ଵ.ଽ

ଵ
 

= 1148.985 kN 

CG from steel level (z) = d- β2 × Xlim = 172 – 0.416 × 106.079 

= 127.874 mm  

Mu, lim = C × z = 1148.985× 
ଵଶ.଼ସ

ଵ
 = 146.926 kNm 

Since, Mu, lim is less than factor bending moment assumed depth is satisfied. 

5.2.4. Design of main reinforcement 

Design Bending Moment, MEd = 64.458 kNm 

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

To find the actual neutral axis depth corresponding to MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
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 Xu = 
ଵଶ

ଶ×.ସଵ
− ටቀ

ଵଶ

ଶ×.ସଵ
ቁ

ଶ

−
ସ.ସହ଼×ଵల

.଼ଵ×.ସଵ×ଵ×ଵଷ.ସ
 

 Xu = 38.076 mm 

 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (172 – 0.416 × 38.076) = 156.147 mm 

Ast = 
ସ.ସହ଼×ଵల

ସଷସ.଼ଷ ×ଵହ.ଵସ 
 = 949.450mm2  

Provide 16 mm diameter bar. 

Cross sectional area of each bar (A) = 201.062 mm2 

Spacing required = 
ୠ∗

౩౪
=

ଵ∗ଶଵ.ଶ

ଽସଽ.ସହ
 = 211.767 mm2 

Provide 16mm dia bars @140 mm spacing = 1436.157 mm2 

 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 1000×172 but not less than 0.0013×1000×172 

=223.6 mm2 but not less than 226.6mm2 

= 226.6mm2 

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 Ac 

As, max = 0.025× [220×1000] = 5500 mm2 

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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Ast transverse =0.2×Ast Provided 

                         = 0.2×1436.157 mm2 

           = 287.234 mm2 

Provide 10 mm diameter bars @ 200 mm c/c 

Ast transverse provided=( 1000×78.53)/200 

                                    =392.65 > 287.234 (ok) 

                                         

5.2.6. Design Of Shear Reinforcement 

Design shear force, VEd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
  ≤ 2 

     =1+ට
ଶ

ଵଶ
 

     =2.078 ≤ 2 

= 2 

  𝑉 = 0.031K3/2fck1/2 

          =0.031×2/2×301/2 

          =0.480 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0083 ≤ (0.02 - Reinforcement ratio for longitudinal reinforcement)  

        
∴ 𝜌1=0.0083 

 
∴VRd.c = [0.12×2× (80 × 0.0083 × 30).ଷଷ] ×1000×172 

           =111.010 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 
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                  = (0.480+0.15× 0) × 1000× 172 

                  =82.56 kN 

 
Maximum of VRd.c & VRd.c, min=111.010 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =109.32 kN 

∴Since VEd< VRd.c, 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 ∗ xଶ = kAୱ୲ ∗ (𝑑 − 𝑥) 

1000×x2 = 6.45 ×(172– x) 

Solving we get, x=47.94 

We know, 

 

  𝜌, =
𝐴௦

𝑏 ∗ ℎ𝑐𝑒𝑓
 

Where hceff 
 is least of following, 

i) 2.5(h-d) = 2.5×(220-172) = 2.5×48 = 120 

ii) (h-x)/3   =  (220-47.94)/3 = 57.35 

iii) h/2 = 220/2 = 110 

So, hcef taken as  57.35 

𝜌, =
1436.157

1000 ∗ 57.35
= 0.025 

σୱୡ =
M

ቀd −
x
3

ቁ Aୱ୲

=
44.57 ∗ 10

ቀ172 −
47.94

3
ቁ 1436.157

= 198.91 
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K୲ = 0.5  

Using above equation we get, 

 Esm-Ecm = 7.04×10-4 

Calculating Srmax     

𝑆(௫) = 3.4𝑐 +
0.425𝑘ଵ𝑘ଶ ∗ 

𝜌,
 

               =244.8 

Therefore crack width can be calculated is, 

Wk = Sr,max × (Esm – Esm) 

      =244.8×7.04×10-4 

      =0.17mm < 0.2 mm (ok) 

5.3. Analysis and Design of Longitudinal Girders 

5.3.1. Calculation of Loads 
Deck slab 

 Railing     

i. Post = (1.35×2×16×0.2×0.2×1.1×25)/30 = 1.584 kN/m 

ii. Steel pipe = (1.35×4×2×6.19×9.81)/1000 = 0.656 kN/m 

 Footpath = 1.35×2×1.75×0.225×25 = 26.578kN/m 

 Wearing coat = 1.75×0.1×7.5×22 = 28.875 kN/m 

 Slab 

i. Cantilever portion = 1.35×2[0.15×2.1+(0.32-0.15)×0.5×2.1]×25 = 

33.311kN/m 

ii. Middle portion = 1.35×0.22×6.8×25 = 50.49kN/m 

iii. Fillet = 1.35×4×0.5×0.1×0.15×25 = 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) + (200×150)]×25 = 5.125 kN/m 

Weight of web of girder = 1.83×0.3×25 = 13.725 kN/m 

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

Cross girder 

Overall depth = ¾ 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 = 1×0.3×1.505×25 = 11.288 kN/m 

Weight of cross girder = 11.288×3.25×2 = 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   

 

B.M. at L/8 

Mu = 1036.615×3.75-67.477×3.752×0.5   

       = 3357.485 kNm 

B.M. at quarter span (L/4) : 

Mu = 1036.615×7.5-67.477×7.52×0.5 

      = 5781.891 kNm 

B.M. at 3L/8 : 

Mu = 1036.615×11.5-67.477×11.52×0.5-24.456×1.25  

       = 7234.52 kNm 



42 
 

B.M. at mid span (L/2) : 

Mu = 1036.615×15-67.477×152×0.5-24.456×5 

      = 7709.188 kNm 

S.F. at support (L=0) 

S.F. = 1019.74 kN 

S.F. at L/8 : 

SF = 1019.74 - 66.352 × 3.75  

    = 770.919 kN 

S.F. at L/4 : 

SF = 1019.74 – 66.352 × 7.5  

     = 522.098 kN 

S.F. at 3L/8 : 

SF =1019.74 – 66.352 × 11.25 - 24.456  

     = 232.233 kN 

S.F. at mid span (L/2) :  

SF = 1019.74 – 66.352 ×15 – 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): 

R = ൬
∑W

n
൰ 1 + ൬

∑I

∑dxଶ. I
൰ 𝑑𝑥. 𝑒൨  

        =
2𝑊

3
 [ 1 +

3

2 × (3.25)ଶ
× (−3.25) × (−0.7)] 

     = 0.882W 

Reaction factor for inner girder (RB): 

R =
2𝑊

3
 [ 1 +

3

2 × (3.25)ଶ
× 0 × (−0.7)] 

      = 0.67W 
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Reaction factor for outer girder (RC): 

𝑅 =  
2𝑊

3
 [ 1 +

3

2 × (3.25)ଶ
× (3.25) × (−0.7)] 

     = 0.451W 

For class 70R tracked loading  

Reaction factor for outer girder (RA): 

R = ൬
∑W

n
൰ 1 + ൬

∑I

∑dxଶ. I
൰ 𝑑𝑥. 𝑒൨ 

     =
ଵ

ଷ
 [ 1 +

ଷ

ଶ×(ଷ.ଶହ)మ × (−3.25) × (−1.1)] 

     = 0.503W  

 

Reaction factor for inner girder (RB): 

R =
1𝑊

3
  1 +

3

2 × (3.25)ଶ
× 0 × (−1.1)൨ 

       = 0.385W 

Reaction factor for outer girder (RC): 

𝑅 =  
1𝑊

3
 [ 1 +

3

2 × (3.25)ଶ
× (3.25) × (−1.1)] 

     = 0.164W 

For class 70R wheel loading  

Reaction factor for outer girder (RA): 

R =  
1W

3
 [ 1 +

3

2 ∗ (3.25)ଶ
× (−3.25) × (−1.155)] 

      = 0.511W 

Reaction factor for inner girder (RB): 

R =  
1W

3
 [ 1 +

3

2 × (3.25)ଶ
× (0) × (−1.155)] 

      = 0.388W 

Reaction factor for outer girder (RC): 

Rେ =  
1W

3
 [ 1 +

3

2 × (3.25)ଶ
× (3.25) × (−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 

       c) Bending moment due to live load 

Class A loading  

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

At L/2  

 

BM = [(27×(4.75+5.3) + 114×(6.9+7.5) + 68×(5.35+3.85+2.35+0.85)] × 1.5 

      = 4134.225 kNm 

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

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

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

At 3L/8  
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BM = 
[(27×(4.3435+5.031)+114×(7.031+6.581)+68×(4.9685+3.8436+2.7186+1.5936)] 
× 1.5 

       = 4045.998 kNm 

BM for outer girder A = 4045.998 × 0.882 × 1.125 × 2 = 8029.75 kNm 

Bm for inner girder B = 4045.998 × 067 × 1.125 × 2 = 6068.997 kNm 

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

 

At L/4 

 

 

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

       = 3375.263 kNm 
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BM for outer girder A = 3375.263 × 0.882 × 1.125 × 2 = 6698.598 kNm 

BM for inner girder B = 3375.263 × 0.67 × 1.125 ×2 = 5062.894 kNm 

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

 

At L/8  

 

 

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

       = 1944.739 kNm 

BM for outer girder A = 1944.739 × 0.882 × 1.125 × 2 = 3859.558 kNm   

BM for inner girder B = 1944.739 × 0.67 × 1.125 × 2 = 2917.108 kNm 

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

Class 70R Tracked vehicle : 

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

ୟᇲ

ୟ
=

ᇲ


  

 

At L/2  
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BM = [1/2×2.285×(6.3575+2×7.5+6.3575)×153.173] × 1.5 

       = 7275.194 kNm 

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

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

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

 

 

At 3L/8 

 

 

BM = [1/2×1.741×(5.96+7.03) + 1/2×2.856×(5.96+7.03)] ×1.5×153.173 

       = 6860.048 kNm 

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

BM for inner girder B = 6860.048 × 0.385 × 1.1 = 2908.281 kNm 
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BM for outer girder C = 6860.048 × 0.164 ×1.1 = 1238.327kNm 

 

At L/4 

 

 

BM = [1/2×1.143×(4.77 + 5.625) + 1/2×3.427×(4.77+5.625)] ×1.5×153.173 

       = 5457.38kNm 

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

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

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

 

At L/8  

 

 

BM = [1/2×0.57×(3.28+2.78) +1 /2×4×(3.28+2.78)] ×1.5×153.137 

       = 3180.755 kNm 
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BM for outer girder A = 3180.755 × 0.503 × 1.1 = 1758.387 kNm 

BM for inner girder B = 3180.755 × 0.385 × 1.1 = 1348.464 kNm 

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

 

Class 70R wheeled vehicle :  

At L/2  

 

 

BM = [80×3.01 + 120×(4.99+5.75) + 170×(6.815+7.5+5.975+5.29)] ×1.5 

       = 8817.3 kNm 

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

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

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

 

At 3L/8  
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BM = [170×(4.268+5.124+7.0312+6.5174) + 120×(5.7187+5.1487) + 80×3.6637] 
×1.5 

       = 8245.629 kNm 

BM for outer girder A = 8245.629 × 0.511 × 1.12 = 4719.375 kNm 

 BM for inner girder B = 8245.629 × 0.388 × 1.12 = 3583.293 kNm 

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

At L/4  

 

BM = [170×(4.5975+5.625+4.8625+4.52) + 120×(3.9875+3.6075) + 80×2.6175] 
×1.5 

       = 6680.475 kNm 

BM for outer girder A = 6680.485 × 0.511 × 1.12 = 3823.561 kNm 

BM for inner girder B = 6680.485 × 0.388 × 1.12 = 2903.126 kNm 

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

 

At L/8  
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BM = [170×(3.28+3.1088+2.7277+2.5565) + 120×(2.2903+2.1004) + 80×1.6056] 
×1.5 

       = 3959.613 kNm 

BM for outer girder A = 3959.613 × 0.511 ×1.12 = 2266.279 kNm 

BM for inner girder B = 3959.613 × 0.388 × 1.12 = 1720.724 kNm 

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

 

 

 

 

 

 

d) Shear Force due to live load  

Class A loading  

At support  
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SF = [114×(1+0.96) + 68×(0.8166+0.7167+0.6167+0.5167)] ×1.5 

      =607.163 kN 

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

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

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

 

At L/2  

 

SF=[27×(-0.3566-0.3933)+114×(0.5+0.46)+68×(0.3167+0.2167+0.1167+0.0167)] 
×1.5 

     = 201.803 kN 

SF for outer girder A = 201.803 × 0.882 × 1.125 × 2 = 400.501 kNm 

SF for inner girder B = 201.803 × 0.67 × 1.125 × 2 = 302.704 kNm 

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

 

SF=[27×(0.23160.2683)+114×(0.625+0.585)+68×(0.4416+0.3416+0.2416+0.141
7)] ×1.5 

     = 305.647 kN 

SF for outer girder A = 305.647 × 0.882 × 1.125 × 2 = 606.592 kNm  

 SF for inner girder B = 305.647 × 0.67 × 1.125 × 2 = 458.471 kNm 

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

 

At L/4 

 

 

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

      = 409.553 kN 

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

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

 

 

At L/8 

 

 

SF = [27×(-0.0183) + 114×(0.875+0.835) + 68×(0.6917+0.5917+0.4917+0.3917)] 
×1.5 

     = 512.682 kN 

SF for outer girder A = 512.682 × 0.882 × 1.125 × 2 = 1017.477 kNm 

 SF for inner girder B = 512.685 × 0.67 × 1.125 × 2 = 769.024 kNm 

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

 

 

 

 

 

 

70R Tracked vehicle  

At support  
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SF = 1/2×4.57×(1+0.848) ×153.173×1.5 

     = 970.201 kN 

SF for outer girder A = 970.201 × 0.503 × 1.1 = 536.347 kN 

SF for inner girder B = 970.201 × 0.385 × 1.1 = 411.382 kN 

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

 

At L/2 

 

 

SF = 0.5×4.57×(0.5+0.348)×153.173×1.5 

     = 445.2 kN 

 SF for outer girder A = 445.2 × 0.503 × 1.1 = 246.116 kN 

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

 

At 3L/8 

 

SF = 0.5×4.57×(0.625+0.473)×153.173×1.5 

     = 576.451 kN 

SF for outer girder A = 576.451 × 0.503 × 1.1 = 318.674 kN 

SF for inner girder B = 576.451 × 0.385 × 1.1 = 244.383 kN 

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

 

At L/4 

 

 

SF = 0.5×4.57×(0.75+0.598)×153.173×1.5 

      = 707.701 kN 

SF for outer girder A = 707.701 × 0.503 × 1.1 = 391.231 kN 

SF for inner girder B = 707.701 × 0.385 × 1.1 = 300.026 kN 
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SF for outer girder C = 707.701 × 0.164 × 1.1 = 127.749 kN 

 

At L/8 

 

 

SF = 0.5×4.57×(0.875+0.723)×153.173×1.5 

     = 838.951 kN  

SF for outer girder A = 838.951 × 0.503 × 1.1 = 463.789 kN 

SF for inner girder B = 838.951 × 0.385 × 1.1 = 355.669 kN 

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

 

 70R Wheeled vehicle :  

At support  

 

 

SF = [170×(1+0.9543+0.8526+0.807) + 120×(0.736+0.6853) + 80×0.5533] ×1.5 

     = 1243.775 kN 
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SF for outer girder A = 1243.775 × 0.511 ×1.12 = 711.873 kN 

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

Sf for outer girder C =1243.775 × 0.156 × 1.12 = 216.812 kN 

 

At L/2 

 

SF = [170×(0.5+0.4543+0.3526+0.307) + 120×(0.236+0.1853) + 80×0.053] ×1.5 

      = 493.739 kN 

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

Sf for inner girder B = 493.739 × 0.388 × 1.12 = 214.563 kN 

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

 

At 3L/8 

 

SF = [170×(0.625+0.8793+0.4776+0.432) + 120×(0.361+0.31)+80×0.1783] ×1.5 



59 
 

     = 757.721 kN 

SF for outer girder A = 757.721 × 0.511 × 1.12 = 433. 680 kN 

SF for inner girder B = 757.721 × 0.388 × 1.12 = 329.282 kN 

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

 

At L/4 

 

SF = [170×(0.75+0.7043+0.6026+0.557) + 120×(0.486+0.4353) + 80×0.3033] 
×1.5 

      = 868.775 kN 

SF for outer girder A = 868.775 × 0.511 × 1.12 = 497.242 kN 

SF for inner girder B = 868.775 × 0.388 × 1.12 = 377.542 kN 

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

At L/8 
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SF = [170×(0.875+0.8293+0.7276+0.682) + 120×(0.611+0.5603) + 80×0.4283] 
×1.5 

     = 1056.275 kN 

 SF for outer girder A = 1056.275 × 0.511 × 1.12 = 604.557 kN 

SF for inner girder B = 1056.275 × 0.388 × 1.12 = 459.024 kN 

SF for outer girder C = 1056.275× 0.156 × 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) 

Section 
Design Bending moment Design shear Force 

Class A 
70R 

tracked 
70R 

wheel Class A 
70R 

tracked 
70R 

wheel 

X=0       
910.74

5 411.312 540.506 

X=L/2 
6201.33

8 3084.280 3831.724 
302.70

4 188.740 214.563 

X=3L/8 
6068.99

7 2908.281 3583.293 
458.47

1 244.383 329.282 

X=L/4 
5062.89

4 2313.628 2903.126 
614.32

9 300.026 377.542 

X=L/8 
2917.10

8 1348.464 1720.724 
769.02

4 355.669 459.024 
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            Table: Total Design Bending moment and Shear Force for outer girder (C) 

Section 
Design Bending moment Design shear Force 

Class A 
70R 

tracked 
70R 

wheel 
Class A 

70R 
tracked 

70R 
wheel 

X=0       
616.50

4 
175.134 216.812 

X=L/2 
4197.82

8 
1313.266 1537.014 

204.90
7 

80.364 86.067 

X=3L/8 
4108.24

4 
1238.327 1437.361 

310.34
9 

104.057 132.084 

X=L/4 
3427.19

0 
985.127 1164.527 

415.85
3 

127.749 151.443 

X=L/8 
1974.65

8 
574.167 690.232 

520.57
0 

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  

Section 
Outer Main girder Intermediate main girder 

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 

Section 
Dead Load BM & SF 

BM kNm SF kN 
X=0   1019.740 

X=L/2 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 

Section 
Outer Main girder Intermediate main girder 

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 beff for a T beam 

beff,1 = 0.2×b1 +0.1×Lo ≤ 0.2×Lo and  ≤ b1 

        =0.2×2.1 + 0.1×30 ≤ 0.2×30 and  ≤ 2.1 

        =3.42 ≤ 6 and  ≤ 2.1 

        =2.1m 

beff,2 = 0.2×b2 +0.1×Lo≤0.2×Lo and ≤b2 

        =0.2×1.475 + 0.1×30<=0.2×30 and≤1.475 

        =3.295 ≤ 6 and  ≤ 1.475 

        =1.475 m 

beff = beff,1 + beff,2 +bw  ≤  b 

      =2.1+ 1.475 + 0.3  ≤  b1+b2+bw 

      =3.875 ≤ 2.1+ 1.475 + 0.3 

      =3.875 ≤ 3.875 

      =3.875m 
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Hence, effective width of flange, 𝑏 = 3.875m 

Clear cover = 40mm 

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

Effective depth, d = 2300 – 40 – 10 – 32 -32 - 
ଷଶ

ଶ
 = 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 

depth of flange (Df)= 
ଶଶାଶଷହ

ଶ
= 223 𝑚𝑚 

Overall depth of beam (D) =2300 mm 

 

Material properties 
a) Concrete used: M30 (IRC 112-2020 Table 6.4) 

b) Characteristic strength, fck= 30 N/mm2 

c) Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

d) 𝛼 = 0.67  

e) 𝛾𝑚 = 1.5     

f) Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

g) Steel used: Fe500 

h) Yield Strength of Steel, fyk=500N/mm2 

i) Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

j) Young’s Modulus of Elasticity, Es = 2×105N/mm2 

k) Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

l) Area factor (β1) = 0.810 

m) CG factor(β2) = 0.416 

n) Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 

 

At L/2 
 Calculation of Limiting Moment 
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  Xlim = 
கೠ

கೠ ାக
d [SP 105] 

        =
.ଷହ∗ଶଵ

.ଷହା .ଶଵ଼
 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷ଼ହି ଷ) × ଶଶଷ

ଵ
 

= 10539.10 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶଷ

ଶ
 

= 2058.500 mm  

Mur, lim2 = C × z = 10539.10 × 
ଶହ଼.ହ 

ଵ
 = 21990.575 kNm 

Total compressive force, C = 4355.275 + 10539.10 = 15038.090 kN 

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 21990.575 

= 29016.749 kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶଽଵ.ସଽ×ଵ 

ଵହଷ଼.ଽ
 

 =1929.550 mm 

Area of reinforcement, Ast =  
େ


=

ଵହଷ଼.ଽ

ସଷସ.଼ଷ 
 = 34587.606 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷସହ଼.

଼ସ.ଶହ଼ 
 = 43.006 ≈ 44  
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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, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵହଽଵସ.ଷହ×ଵల

.଼ଵ×.ସଵ×ଷ଼ହ×ଵଷ.ସ
 

 Xu = 180.729 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 180.729) = 2094.822 mm 

Ast = 
ଵହଽଵସ.ଷହ×ଵల

ସଷସ.଼ଷ ×ଶଽସ.଼ଶଶ 
 = 17472.737 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵସଶ.ଷ

଼ସ.ଶସ଼
 = 21.73  

Provide 22 number of bars of 32 mm diameter with area, = 17693.450 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 
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Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

Provide 2-32mm dia. bar as compressive reinforcement 

Asc provided = 1608.495 mm2 

 

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 = 651mm2 

Providing 12mm bars at the middle section of the beam  

No of bars =
651

π
4

× 12ଶ
= 5.76 ≈ 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. 

 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =400.501 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

Here, 
VRD, max =The design value of maximum shear force 
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𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)=(d – β2 × Xu) = (2170 – 0.416 × 180.729) 

= 2094.822 mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2094.822 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସ ೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =2278.464 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=400.501 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 



68 
 

  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0272 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =400.501 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 

CALCULATION OF SHEAR REINFORCEMENT  IRC 112:2020 Cl 10.3.3.1.-4 

By equating VNS and , 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 400.501 × 1000
1 × 300 × 2094.822 × 0.542 × 0.446 × 30

ቁ

2
 

       = 5.05⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪


× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 
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∴S   = 
ଶ∗ଵଵଷ.ଽ

ସ.ହଵ×ଵయ × 2094.822 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =1287.69 mm 

 
∴ Provide spacing = 300mm 

 
check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

At 3L/8 

 Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ

.ଷହା .ଶଵ଼
∗ 2170 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷ଼ହ  ଷ) × ଶଶଷ

ଵ
 

= 10539.10 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶଷ

ଶ
 

= 2058.500 mm  
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Mur, lim2 = C × z = 10539.10 × 
ଶହ଼.ହ 

ଵ
 = 21990.575 kNm 

Total compressive force, C = 4355.275 + 10539.10 = 15038.090 kN 

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 21990.575 

= 29016.749 kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶଽଵ.ସଽ×ଵ 

ଵହଷ଼.ଽ
 

 =1929.550 mm 

Area of reinforcement, Ast =  
େ


=

ଵହଷ଼.ଽ

ସଷସ.଼ଷ 
 = 34587.606 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷସହ଼.

଼ସ.ଶହ଼ 
 = 43.006 ≈ 44  

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

DESIGN OF MAIN REINFORCEMENT 

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵହଶସ.ଶଽ×ଵల

.଼ଵ×.ସଵ×ଷ଼ହ×ଵଷ.ସ
 

 Xu = 173.088 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 173.088) = 2098.001 mm 

Ast = 
ଵହଶସ.ଶଽ×ଵల

ସଷସ.଼ଷ ×ଶଽ଼.ଵ 
 = 16733.938 mm2 

Provide 32 mm diameter bar. 
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Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵଷଷ.ଽଷ଼

଼ସ.ଶସ଼
 = 20.81 

Provide 22 number of bars of 32 mm diameter with area, = 17693.450 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

Provide 2-32mm dia. bar as compressive reinforcement 

Asc provided = 1608.495 mm2 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =838.825 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 173.088) = 2098.001mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  
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θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2098.001 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସ
  

                 =2281.921 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=838.825 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 
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𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0272 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 

 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =838.825 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 

Calcuation of Shear Reinforcement          

         By equating VNS and, 𝑽𝑹𝒅,𝒎𝒂𝒙 we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 838.825 × 1000
1 × 300 × 2094.822 × 0.542 × 0.446 × 30

ቁ

2
 

       = 10.78⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

଼ଷ଼.଼ଶହ×ଵయ
× 2098.001 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =614.98 mm 

∴ Provide spacing = 300mm 
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check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

At L/8 

 Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ

.ଷହା .ଶଵ଼
∗ 2170 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df  

= 
ଵଷ.ସ ×(ଷ଼ହି ଷ) × ଶଶଷ

ଵ
 

= 10539.10 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶଷ

ଶ
 

= 2058.500 mm  

Mur, lim2 = C × z = 10539.10 × 
ଶହ଼.ହ 

ଵ
 = 21990.575 kNm 

Total compressive force, C = 4355.275 + 10539.10 = 15038.090 kN 
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Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 21990.575 

= 29016.749 kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶଽଵ.ସଽ×ଵ 

ଵହଷ଼.ଽ
 

 =1929.550 mm 

Area of reinforcement, Ast =  
େ


=

ଵହଷ଼.ଽ

ସଷସ.଼ଷ 
 = 34587.606 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷସହ଼.

଼ସ.ଶହ଼ 
 = 43.006 ≈ 44  

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

DESIGN OF MAIN REINFORCEMENT 

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଶଵ.ସଷ×ଵల

.଼ଵ×.ସଵ×ଷ଼ହ×ଵଷ.ସ
 

 Xu = 80.359 mm 

Since Xu<Df, NA lies in flange. 

 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 80.359) = 2136.573 mm 

Ast = 
ଶଵ.ସଷ×ଵల

ସଷସ.଼ଷ ×ଶଵଷ.ହଷ 
 = 7769.076 mm2 

Provide 32 mm diameter bar. 
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Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଽ.

଼ସ.ଶସ଼
 = 9.66 

Provide 10 number of bars of 32 mm diameter with area, = 8042.477 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =1788.396 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 80.359) = 2136.573mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 
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Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2136.573 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =2323.875 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=1788.396 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0124 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 



78 
 

        
∴ 𝜌1=0.0124 

 
∴VRd.c = [0.12×1.304× (80 × 0.0124 × 30).ଷଷ] ×300×2170 

           =311.652 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =1788.396 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 
 

Design of Shear Reinforcement            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
ୱ୧୬షభ൬

మೇಶ
ೌೢ್ೈೋೇభ

൰

ଶ
  

        =
ୱ୧୬షభቀ

మ×భళఴఴ.యవల×భబబబ

భ×యబబ×మభయల.ఱళయ×బ.ఱరమ×బ.రరల×యబ
ቁ

ଶ
  

       = 24.85⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=24.85⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଵ଼଼.ଷଽ×ଵయ × 2136.573 × 434.78 × 𝑐𝑜𝑡24.85⁰ 

   =253.66 mm 

∴ Provide spacing = 250mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଶହ×ଷ
=0.00302 
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Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

At L/4 

 Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ

.ଷହା .ଶଵ଼
∗ 2170 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷ଼ହ  ଷ) × ଶଶଷ

ଵ
 

= 10539.10 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶଷ

ଶ
 

= 2058.500 mm  

Mur, lim2 = C × z = 10539.10 × 
ଶହ଼.ହ 

ଵ
 = 21990.575 kNm 

Total compressive force, C = 4355.275 + 10539.10 = 15038.090 kN 

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 21990.575 

= 29016.749 kNm 
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CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶଽଵ.ସଽ×ଵ 

ଵହଷ଼.ଽ
 

 =1929.550 mm 

Area of reinforcement, Ast =  
େ


=

ଵହଷ଼.ଽ

ସଷସ.଼ଷ 
 = 34587.606 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷସହ଼.

଼ସ.ଶହ଼ 
 = 43.006 ≈ 44  

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

bars.  

 

DESIGN OF MAIN REINFORCEMENT 

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ
−

ଵଶସ଼.ସ଼ଽ×ଵల

.଼ଵ×.ସଵ×ଷ଼ହ×ଵଷ.ସ
 

 Xu = 140.616 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 140.616) = 2111.580 mm 

Ast = 
ଵଶସ଼.ସ଼ଽ×ଵల

ସଷସ.଼ଷ ×ଶଵଷ.ହଷ 
 = 13594.606 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵଷହଽସ.

଼ସ.ଶସ଼
 = 16.9 

Provide 18 number of bars of 32 mm diameter with area = 14476.459 mm2 
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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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK  

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =1334.902 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 140.616) = 2111.580mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2111.580 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସ
  

                 =2298.236 kN 
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And, 

VRds=VNS=VED+Vccd+Vtd= VED=1334.902 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0222 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 

 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 
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                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =1334.902 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 
 
 
 

CALCUALTION OF SHEAR REINFORCEMENT            
By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 1334.902 × 1000
1 × 300 × 2111.580 × 0.542 × 0.446 × 30

ቁ

2
 

       = 17.77⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଵ଼଼.ଷଽ×ଵయ
× 2111.580 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =388.93 mm 

∴ Provide spacing = 300mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

 
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, VEd = 2224.726KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= 2111.580mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2111.580 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =2296.69 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=2224.726 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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 VRd.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

Since the section at L=0 has not been designed for bending, but half reinforcement 

is always available throughout. 

Ast = 17472.737/2 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0136 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.0136 

 
∴VRd.c = [0.12×1.304× (80 × 0.0136 × 30).ଷଷ] ×300×2170 

           =321.610 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=321.610 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =2224.726 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 

DESIGN OF SHEAR REINFORCEMENT            

By equating VNS and, 𝑉ோௗ,௫ we get 
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∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 2224.726 × 1000
1 × 300 × 2111.580 × 0.542 × 0.446 × 30

ቁ

2
 

       = 36.88⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=36.88⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2-legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଶଶଶସ.ଶ×ଵయ × 2111.580 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =124.43 mm 

∴ Provide spacing = 110mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଵଵ×ଷ
=0.00685 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

 
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 beff for a T beam 

beff,1 = 0.2×b1 +0.1×Lo≤0.2×Lo and ≤b1 

        =0.2×1.475 + 0.1×30≤0.2×30 and ≤1.475 

        =3.295≤6 and ≤2.1 
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        =1.475m 

beff,2 = 0.2×b2 +0.1×Lo≤0.2×Lo and ≤b2 

        =0.2×1.475 + 0.1×30<=0.2×30 and≤1.475 

        =3.295≤6 and ≤1.475 

        =1.475 m 

beff = beff,1 + beff,2 +bw ≤ b 

      =1.475+ 1.475 + 0.3 ≤ b1+b2+bw 

      =3.250≤1.475+ 1.475 + 0.3 

      =3.250≤3.250 

      =3.250m 

Hence, effective width of flange, 𝑏 = 3.250m 

Clear cover = 40mm 

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

Effective depth, d = 2300-40-10-32-32-
ଷଶ

ଶ
 = 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, fck= 30 N/mm2 

c) Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

d) 𝛼 = 0.67  

e) 𝛾𝑚 = 1.5     

f) Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

g) Steel used: Fe500 

h) Yield Strength of Steel, fyk=500N/mm2 
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i) Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

j) Young’s Modulus of Elasticity, Es = 2×105N/mm2 

k) Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

l) Area factor (β1) = 0.810 

m) CG factor(β2) = 0.416 

n) Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035  

 

At L/2 
 Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଶଵ

.ଷହା .ଶଵ଼
 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷଶହି ଷ) × ଶଶ

ଵ
 

= 8696.6 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶ

ଶ
 

= 2060 mm  

Mur, lim2 = C × z = 8696.6 × 
ଶ 

ଵ
 = 17914.996 kNm 

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

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  
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= 7026.175 + 17914.996 

= 24941.171kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶସଽସଵ.ଵଵ×ଵ 

ଵଷହଵ.଼ହ
 

 =1910.926 mm 

Area of reinforcement, Ast =  
େ


=

ଵଷହଵ.଼ହ 

ସଷସ.଼ଷ 
 = 30019.312 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷଵଽ.ଷଵଶ 

଼ସ.ଶହ଼ 
 = 37.326 ≈ 38 

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

bars.  

 

Design of main reinforcement 

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵଷଽଵ.ହଶ ×ଵల

.଼ଵ×.ସଵ×ଷଶହ×ଵଷ.ସ
 

 Xu = 188.652 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 188.652) = 2091.526 mm 

Ast = 
ଵଷଽଵ.ହଶ×ଵల

ସଷସ.଼ଷ ×ଶଽଵ.ହଶ 
 = 15297.063 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 
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No of bar in tension = 
ೞ


=

ଵହଶଽ.ଷ

଼ସ.ଶସ଼
 = 19.02 

Provide 20 number of bars of 32 mm diameter with area, = 16084.954 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

Provide 2-32mm dia. bar as compressive reinforcement 

Asc provided = 1608.495 mm2 

 

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 = 651mm2 

Providing 12mm bars at the middle section of the beam  

No of bars =
651

π
4

× 12ଶ
= 5.76 ≈ 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, VEd =302.704 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)=(d – β2 × Xu) = (2170 – 0.416 × 188.652) 

= 2091.526 mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ

𝑓ௗ

cot 𝜃 + tan 𝜃
 

                   = 1 × 300 × 2091.526 × 0.6 ൬1 −
30

310
൰ ×

0.446𝑓

cot 45 + tan 45
 

                 =2274.878kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=302.704 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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 VRd.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0247 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 

 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =400.501 kN 

∴Since VEd> VRd.c, shear reinforcement design is required  

Design of Shear Reinforcement            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 302.704 × 1000
1 × 300 × 2091.526 × 0.542 × 0.446 × 30

ቁ

2
 

       = 2.52⁰ 
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∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଷଶ.ସ×ଵయ × 2091.526 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =1698.91 mm 

 
∴ Provide spacing = 300mm 

 
check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

 

At 3L/8 
  Calculation of Limiting Moment 

  Xlim = 
கೠ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଶଵ

.ଷହା .ଶଵ଼
 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 
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= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷଶହି ଷ) × ଶଶ

ଵ
 

= 8696.6 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶ

ଶ
 

= 2060 mm  

Mur, lim2 = C × z = 8696.6 × 
ଶ 

ଵ
 = 17914.996 kNm 

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

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 17914.996 

= 24941.171kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶସଽସଵ.ଵଵ×ଵ 

ଵଷହଵ.଼ହ
 

 =1910.926 mm 

Area of reinforcement, Ast =  
େ


=

ଵଷହଵ.଼ହ 

ସଷସ.଼ଷ 
 = 30019.312 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷଵଽ.ଷଵଶ 

଼ସ.ଶହ଼ 
 = 37.326 ≈ 38 

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

bars.  

DESIGN OF MAIN REINFORCEMENT  

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 
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 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵଷଷଷ.ହଵ ×ଵల

.଼ଵ×.ସଵ×ଷଶହ×ଵଷ.ସ
 

 Xu = 180.114 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 180.114) = 2095..078mm 

Ast = 
ଵଷଷଷ.ହଵ×ଵల

ସଷସ.଼ଷ ×ଶଽହ.଼ 
 = 14604.751mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵସସ.ହଵ

଼ସ.ଶସ଼
 = 18.16 

Provide 20 number of bars of 32 mm diameter with area, = 16084.954 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

Provide 2-32mm dia. bar as compressive reinforcement 

Asc provided = 1608.495 mm2   



96 
 

 

DESIGN OF SHEAR REINFORCEMENT  

Design shear force, VEd =690.703KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 180.114) = 2095.078mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ

𝑓ௗ

cot 𝜃 + tan 𝜃
 

                   = 1 × 300 × 2095.078 × 0.6 ൬1 −
30

310
൰ ×

0.446𝑓

cot 45 + tan 45
 

                 =2278.741 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=690.703 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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 VRd.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0  

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0247 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =838.825 kN 

∴Since VEd> VRd.c, shear reinforcement design is required  

DESIGN OF SHEAR REINFORCEMENT            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 838.825 × 1000
1 × 300 × 2095.078 × 0.542 × 0.446 × 30

ቁ

2
 

       = 8.741⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 
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  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଽ.ଷ×ଵయ × 2095.078 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =745.821 mm 

∴ Provide spacing = 300mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

At L/8 
  Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଶଵ

.ଷହା.ଶଵ଼
 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 
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For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷଶହ  ଷ) × ଶଶ

ଵ
 

= 8696.6 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶ

ଶ
 

= 2060 mm  

Mur, lim2 = C × z = 8696.6 × 
ଶ 

ଵ
 = 17914.996 kNm 

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

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 17914.996 

= 24941.171kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶସଽସଵ.ଵଵ×ଵ 

ଵଷହଵ.଼ହ
 

 =1910.926 mm 

Area of reinforcement, Ast =  
େ


=

ଵଷହଵ.଼ହ 

ସଷସ.଼ଷ 
 = 30019.312 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷଵଽ.ଷଵଶ 

଼ସ.ଶହ଼ 
 = 37.326 ≈ 38 

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

bars.   

 

DESIGN OF MAIN REINFORCEMENT 

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
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 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଶସ.ହଽଷ×ଵల

.଼ଵ×.ସଵ×ଷଶହ×ଵଷ.ସ
 

 Xu = 83.349mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 83.349) = 2135.329 mm 

Ast = 
ଶସ.ହଽଷ×ଵల

ସଷସ.଼ଷ ×ଶଵଷହ.ଷଶଽ 
 =6758.472 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


= 6758.472 = 8.40 

Provide 10 number of bars of 32 mm diameter with area, = 8042.477 mm2 

 

 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK  
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DESIGN OF SHEAR REINFORCEMENT  

Design shear force, VEd =1539.943 kN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 83.349) = 2135.329mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ

𝑓ௗ

cot 𝜃 + tan 𝜃
 

                   = 1 × 300 × 2135.329 × 0.6 ൬1 −
30

310
൰ ×

0.446𝑓

cot 45 + tan 45
 

                 =2322.521 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=1539.943 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
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𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0124 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.0124 

 
∴VRd.c = [0.12×1.304× (80 × 0.0124 × 30).ଷଷ] ×300×2170 

           =311.652 kN 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =1539.943 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 

DESIGN OF SHEAR REINFORCEMENT            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 1539.943 × 1000
1 × 300 × 2135.329 × 0.542 × 0.446 × 30

ቁ

2
 

       = 20.542⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 
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  Adopt θ=24.85⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪


× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଵହଷଽ.ଽସଷ×ଵయ × 2135.329 × 434.78 × 𝑐𝑜𝑡24.85⁰ 

   =340.946 mm 

∴ Provide spacing = 300 mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

At L/4 

  Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠ ାக
d [SP 105] 

        =
.ଷହ∗ଶଵ

.ଷହା .ଶଵ଼
 = 1338.326 mm 

CG from top = β2 × Xlim 

= 0.416 × 1338.326 

= 556.744 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଷଷ଼.ଷଶ

ଵ
 

= 4355.275 kN 

CG from steel level (z1) = d- β2 × Xlim = 2170 – 0.416 × 1338.326 

= 1613.256 mm  

Mu, lim1 = C × z = 4355.275 × 
ଵଵଷ.ଶହ

ଵ
 = 7026.175 kNm 

For Flange 
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Compressive force (C2) = Fcd × (beff - bw) × Df 

= 
ଵଷ.ସ ×(ଷଶହି ଷ) × ଶଶ

ଵ
 

= 8696.6 kN 

CG from steel level (z2) = d- 


ଶ
= 2170 – 

ଶଶ

ଶ
 

= 2060 mm  

Mur, lim2 = C × z = 8696.6 × 
ଶ 

ଵ
 = 17914.996 kNm 

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

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 7026.175 + 17914.996 

= 24941.171kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଶସଽସଵ.ଵଵ×ଵ 

ଵଷହଵ.଼ହ
 

 =1910.926 mm 

Area of reinforcement, Ast =  
େ


=

ଵଷହଵ.଼ହ 

ସଷସ.଼ଷ 
 = 30019.312 mm2 

Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଷଵଽ.ଷଵଶ 

଼ସ.ଶହ଼ 
 = 37.326 ≈ 38 

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

bars.   

 

DESIGN OF MAIN REINFORCEMENT  

Design Bending Moment, MEd = 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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 



105 
 

 Xu = 
ଶଵ

ଶ×.ସଵ
− ටቀ

ଶଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵ଼ସସ.଼ହ×ଵల

.଼ଵ×.ସଵ×ଷଶହ×ଵଷ.ସ
 

 Xu = 145.833 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (2170 – 0.416 × 145.833) = 2109.338 mm 

Ast = 
ଵ଼଼ସ.଼ହ×ଵల

ସଷସ.଼ଷ ×ଶଵଽ.ଷଷ଼ 
 = 11825.04 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵଵ଼ଶହ.ସ

଼ସ.ଶସ଼
 = 14.70 

Provide 16 number of bars of 32 mm diameter with area = 12867.964 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×2170 but not less than 0.0013×300×2170 

=846.3mm2 but not less than 846.3mm2 

= 846.3mm2 

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 Ac 

As, max = 0.025× [(2300-250) ×300+700×250+200×150] = 20500 mm2 

Ast, provided < As, max, OK 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =1136.427 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 
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Here, 
VRD, max =The design value of maximum shear force 

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (2170 – 0.416 × 143.833) = 2109.338mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬
  

                   = 1 × 300 × 2109.338 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସ ೖ

ୡ୭୲ ସହା୲ୟ୬ ସ
  

                 =2294.251 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=1136.427kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
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     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0198 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 

 
∴VRd.c = [0.12×1.304× (80 × 0.02 × 30).ଷଷ] ×300×2170 

           =365.353 kN 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

Maximum of VRd.c & VRd.c, min=365.353 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =1334.902 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

CALCULATION OF SHEAR REINFORCEMENT            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 1136.427 × 1000
1 × 300 × 2109.833 × 0.542 × 0.446 × 30

ቁ

2
 

       = 14.701⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 
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∴S   = 
ଶ∗ଵଵଷ.ଽ

ଵଵଷ.ସଶ×ଵయ × 2109.833 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =456.384 mm 

∴ Provide spacing = 300mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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

 

At support 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd = 1930.485KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= 2109.388mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 2109.388 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସ
  

                 =2294.306 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=2224.726 kN  

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

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଶଵ
 

     =1.304 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3043/2×301/2 

          =0.253 

σcp = 0 

Since the section at L=0 has not been designed for bending, but half reinforcement 

is always available throughout. 

Ast = 16084.954 /2 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0124 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.0124 

 
∴VRd.c = [0.12×1.304× (80 × 0.0124 × 30).ଷଷ] ×300×2170 

           =311.652 kN 
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And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.253+0.15× 0) × 300× 2170 

                  =164.518 kN 

 
Maximum of VRd.c & VRd.c, min=311.652 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =1930.485 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

 
 

CALCULATION OF SHEAR REINFORCEMENT            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 1930.485 × 1000
1 × 300 × 2109.388 × 0.542 × 0.446 × 30

ቁ

2
 

       = 28.25⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=28.25⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

S=
௦௪


× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଵଽଷ.ସ଼ହ×ଵయ × 2109.388 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =199.97 mm 

∴ Provide spacing = 150 mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଵହ×ଷ
=0.00503 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

 
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 

 Intensity of slab = 1.35 × 0.22 × 25 = 7.425 kN/m2 

 Intensity of wearing coarse = 1.75 × 0.075 × 22 = 2.888kN/m2   

Total load intensity = Intensity of slab + Intensity of wearing coat   

             = 10.313 kN/m2  

 

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: 

 

              Fig: Contributory Area of Dead load on Intermediate Cross Girder 

 

Load distribution from slab 

Load on each cross girder =2 × 
ଵ

ଶ
 × 3.25 × 1.625 × 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 × 0.3 × 25 × (1.725-0.22) = 15.23 kN/m 

Total DL = 15.23 + 16.758 = 31.996 kN/m 

RA = RB = RC = 
ଷଵ.ଽଽ∗ଶ∗ଷ.ଶହ

ଷ
=69.324 kN/m 

 

 

 

 

 

 

(II) 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  

∑ M1 = 0 

R2 * 10 – 76.59 *2.285/2 = 0  
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R2 = 19.95 kN  

∑ Fy = 0 

R2 + R1 – 76.59 * 2.285 = 0 

R1  = 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 = 206.687×2.22 = 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=206.687 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 
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                       Fig: positioning of class 70R tracked load 

 

 

 

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: 

 

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: 

R1= R2 = R3 = 
ଶ∗଼ହ

ଷ
  = 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: 

 

 

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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∑ M1 = 0 

R2 * 10 – 228 * 0.1252 = 0  

R2 = 0.178 kN 

 
∑ Fy = 0 

R2 + R1 – 228 * 0.125 = 0 

R1  = 28.322 kN 

 

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: 

R1 = R2 = R3 = 
ସ∗ହ.ସସ

ଷ
 =75.525 kN 
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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 kN+283.218 kN 

                          = 324.221 kN 

 

 

  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 
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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(bw)=300 mm 

b) depth of flange (Df)= 220 mm 

c) Overall depth of beam (D) =1725 mm  

Effective width of flange: 

[IRC:112-2020 Clause: 7.6.1.2] 

beff,1  = 0.2×b1 +0.1×Lo≤0.2×Lo and ≤b1 

= 0.2×4.85 + 0.1×3.25≤0.2×3.25 and ≤4.85 

= 1.295≤0.65and ≤4.85 

= 0.65m 

beff,2 = 0.2×b2 +0.1×Lo≤0.2×Lo and ≤b2 

= 0.2×4.85 + 0.1×3.25<=0.2×3 and≤4.85 

= 1.295≤0.65 and≤4.85 

= 0.65 m 

beff  = beff,1 + beff,2 +bw ≤ b 

= 0.65+ 0.65 + 0.3 ≤ b [ b = b1 + b2 +bw ] 

= 1.6≤b 

= 1.6≤10 
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       = 1.6m 

Hence, effective width of flange, beff = 1.6m 

Clear cover=40mm 

Let us provide 32 mm dia. bars 

Effective depth, d = 1725-40--
ଷଶ

ଶ
 = 1669 mm=1.669m 

 
Material properties 

 Concrete used: M30 (IRC 112-2020 Table 6.4) 

 Characteristic strength, fck= 30 N/mm2 

 Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

 𝛼 = 0.67  

 𝛾𝑚 = 1.5     

 Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

 Steel used: Fe500 

 Yield Strength of Steel, fyk=500N/mm2 

 Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

 Young’s Modulus of Elasticity, Es = 2×105N/mm2 

 Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

 Area factor (β1) = 0.810 

 CG factor(β2) = 0.416 

 Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 

 

Calculation of Limiting Moment 

Xlim = 
கೠ

கೠమାக
d [SP 105] 

      =
.ଷହ∗ଵଽ

.ଷହା.ଶଵ଼
 = 1029.339 mm 

CG from top = β2 × Xlim 

= 0.416 × 1029.339 



120 
 

= 428.205 mm 

For Web 

Compressive force (C1) = β1 × Fcd × bw × Xlim  

 = 
.଼ଵ × ଵଷ.ସ × ଷ × ଵଶଽ.ଷଷଽ

ଵ
 

= 3349.748 kN 

CG from steel level (z1) = d- β2 × Xlim = 1669 – 0.416 × 1029.339 

= 1240.795 mm  

Mu, lim1 = C × z = 3349.748 × 
ଵଶସ.ଽହ

ଵ
 = 4156.350 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Xlim  

= 
ଵଷ.ସ ×(ଵି ଷ) × ଶଶ

ଵ
 

= 3832.400 kN 

CG from steel level (z2) = d- 


ଶ
= 1669– 

ଶଶ

ଶ
 

= 1559 mm  

Mur, lim2 = C × z = 3832.400 × 
ଵହହଽ 

ଵ
 = 5974.712 kNm 

Total compressive force, C = 3349.748 + 3832.400 = 7182.148 kN 

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 4156.305 + 5974.712 

= 10131.062 kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଵଵଷଵ.ଶ×ଵ 

ଵ଼ଶ.ଵସ଼
 

=1410.589 mm 

Area of reinforcement, Ast =  
େ


=

ଵ଼ଶ.ଵସ଼

ସଷସ.଼ଷ 
 = 16518.941 mm2 
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Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଵହଵ଼.ଽସଵ

଼ସ.ଶହ଼ 
 = 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, MEd =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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଵଽ

ଶ×.ସଵ
− ටቀ

ଵଽ

ଶ×.ସଵ
ቁ

ଶ

−
଼ଷଶ.ଵହ ×ଵల

.଼ଵ×.ସଵ×ଵ×ଵଷ.ସ
 

 Xu = 28.936 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (1669 – 0.416 × 28.936) = 1656.964 mm 

Ast = 
଼ଷଶ.ଵହ ×ଵల

ସଷସ.଼ଷ ×ଵହ.ଽସ 
 = 1155.092 mm2 

Provide 32 mm diameter bar. 
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Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵଵହହ.ଽଶ

଼ସ.ଶସ଼
 = 1.44 

Provide 2 number of bars of 32 mm diameter with area, = 1608.495 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×1669 but not less than 0.0013×300×1669 

=650.91 mm2 but not less than 650.91 mm2 

= 650.91mm2 

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 Ac 

As, max = 0.025× [(1725×300] = 12937.500 mm2 

Ast, provided < As, max, OK 

Design Of Shear Reinforcement 

Design shear force, VEd =410.358 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 
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Here, 

VRD, max =The design value of maximum shear force 

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z) = (d – β2 × Xu) = (1669 – 0.416 × 28.936) 

            = 1656.964 mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 1656.964 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =1802.221 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=410.358 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the compression area, 

in        the case of an inclined compression chord 

Vtd =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 
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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.c is 
given by: 

𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               

 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଵଽ
 

     =1.346 

  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3463/2×301/2 

          =0.265 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0032 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

       ∴ 𝜌1=0.0032 

 

∴VRd.c = [0.12×1.346× (80 × 0.0032 × 30).ଷଷ] ×300×1669 

           =158.703 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.265+0.15× 0) × 300× 1669 

                  =132.785 kN 

Maximum of VRd.c & VRd.c, min=158.703 kN 

VEd =The design shear force at a cross-section resulting from external loading 
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       =400.501 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

Design of Shear Reinforcement            

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 410.358 × 1000
1 × 300 × 1656.964 × 0.542 × 0.446 × 30

ቁ

2
 

       = 6.521⁰ 

 

∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 

 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ସଵ.ଷହ଼×ଵయ × 1656.964 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =992.83 mm 

 

∴ Provide spacing = 300 mm 

 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 

Minimum shear reinforcement ratio: 
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∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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=
.ଵ

ଵ
× 300 × (1725 − 220) = 451.5𝑚𝑚2 

Let us provide 12mm dia. Bar for skin reinforcement.         

No. of bars=
ସହଵ.ହ

ഏ×భమమ

ర

= 3.99   

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/m2 

 
Weight of wearing coat = Thickness*unit wt.*FOS 

 
= 0.075*22*1.75 
 
= 2.888 KN/m2 

 
Total load from slab and wearing coat =7.425+2.888 

 
=10.313 KN/m2 

 
Total point load from slab and wearing coat =10.313 *area of 2 triangles 

                                                                          = 10.213 * 2 *1/2 *1.6252 

                                                                               = 27.233 KN 

Equivalent UDL from slab and wearing coat = 
ଶ.ଶଷଷ

ଷ.ଶହ
 

 = 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=
ଶଶ.ଵ×ଷ.ଶହ×ଶ

ଷ 
 = 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.) 

 
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=
ଷହ

ସ.ହ
=76.59KN/m 

Reaction calculation due to live load 

Taking moment about the 1, we get 

∑M1= 0 

R2 ×10 – 76.59×2.285×
ଶ.ଶ଼ହ

ଶ
 = 0 
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R2 = 
ଵଽଽ.ଽହ

ଵ
 

R2 = 19.995 KN 

∑Fy = 0 

R2 + R1 − 76.59 ∗ 2.285 = 0 

R1 = 175.01 – 19.995  

R1 = 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:  

 

R1 = R2 = R3 =
ଶ×ଷଵ.ଷ

ଷ
 = 206.687 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: 

R1 = R2 = R3 =
ଶ×଼ହ

ଷ
 = 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 

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: 

 

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 

∑M1= 0 

R2 * 10 – 228 * 0.125 * 
.ଵଶହ

ଶ
 = 0 

R2 = 
ଵ.଼ଵ

ଵ
 

R2 = 0.178 kN 



131 
 

Fy = 0 

R2 + R1 − 228 ∗ 0.125 = 0 

R1 = 28.5 − 0.178  

R1 = 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. 

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: 

R1 = R2 = R3 = 
ସ∗ହ.ସସ

ଷ
 = 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 

 

 

As the bending moment and shear force for 70R tracked loading is more.  

The design bending moment = 810.151 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] 

beff,1 = 0.2×b1 +0.1×Lo≤0.2×Lo and ≤b1 

= 0.2×0 + 0.1×3.25≤0.2×3.25 and ≤0 

IRC loading BM KNm SF KN 

70R Track 810.151 390.038 

70R wheel 270.475 144.209 

Class A 178.269 303.900 
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= 0≤0.65and ≤0 

= 0 m 

beff,2 = 0.2×b2 +0.1×Lo≤0.2×Lo and ≤b2 

=0.2×4.85 + 0.1×3.25<=0.2×3 and≤4.85 

=1.295≤0.65 and≤4.85 

=0.65 m 

beff    = beff,1 + beff,2 +bw ≤ b 

=0+ 0.65 + 0.3 ≤ b [ b = b1 + b2 +bw ] 

=0.95≤b 

=0.95≤10 

=0.95m 

Hence, effective width of flange, beff = 0.95 m 

Clear cover=40mm 

Let us provide 32mm dia. Bars 

 Effective depth, d = 1725-40-
ଷଶ

ଶ
 = 1669 mm=1.669m 

Material properties 

 Concrete used: M30 (IRC 112-2020 Table 6.4) 
 Characteristic strength, fck= 30 N/mm2 

 Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 
 𝛼 = 0.67  
 𝛾𝑚 = 1.5     

 Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 
 Steel used: Fe500 
 Yield Strength of Steel, fyk=500N/mm2 
 Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 
 Young’s Modulus of Elasticity, Es = 2×105N/mm2 

 Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

 Area factor (β1) = 0.810 
 CG factor(β2) = 0.416 
 Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 
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Calculation of Limiting Moment 

Xlim = 
கೠమ

கೠమାக
d [SP 105] 

       =
.ଷହ∗ଵଽ

.ଷହା.ଶଵ଼
 = 1029.339 mm 

CG from top = β2 × Xlim 

= 0.416 × 1029.339 

= 428.205 mm 

For Web 
Compressive force (C1) = β1 × Fcd × bw × Xlim  

           =
0.810 ×  13.40 ×  300 ×  1029.339

1000
 

=  3349.748 kN 

CG from steel level (z1) = d- β2 × Xlim = 1669 – 0.416 × 1029.339 

= 1240.795 mm  

Mu, lim1 = C × z = 3349.748 × 
ଵଶସ.ଽହ

ଵ
 = 4156.350 kNm 

For Flange 

Compressive force (C2) = Fcd × (beff - bw) × Xlim  

= 
ଵଷ.ସ ×(ଽହି ଷ) × ଶଶ

ଵ
 

= 1916.2 kN 

CG from steel level (z2) = d- 


ଶ
 = 1669– 

ଶଶ

ଶ
 

= 1559 mm  

Mur, lim2 = C × z = 1916.2 × 
ଵହହଽ 

ଵ
 = 2987.396 kNm 

Total compressive force, C = 3349.748 + 1916.2 = 5265.948 kN 

Total limiting moment, Mur, lim = Mur, lim1 + Mur, lim2  

= 4156.305 + 2987.396 

       = 7143.706 kNm 

CG of total compressive force from steel level = 
౫౨,ౢౣ

େ
=

ଵସଷ. ×ଵ 

ହଶହ.ଽହ଼ 
 

= 1356.585 mm 

Area of reinforcement, Ast =  
େ


=

ହଶହ.ଽସ଼

ସଷସ.଼ଷ 
 = 12111.681 mm2 
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Using 32mm diameter bars 

Area of each bar, A0 = 𝜋 ×
ଷଶమ

ସ
 = 804.258 mm2 

Number of bars = 
ೞ

బ
=  

ଵଶଵଵଵ.଼ଵ

଼ସ.ଶହ଼ 
 = 15.060 ≈ 16 

So, this section can take up to 12111.681 kNm with 16 number 32 mm dia bars.  

Design of main reinforcement 
Design Bending Moment, MEd =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 MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ
−

ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଵଽ

ଶ×.ସଵ
− ටቀ

ଵଽ

ଶ×.ସଵ
ቁ

ଶ

−
଼ଵ.ଵହଵ ×ଵల

.଼ଵ×.ସଵ×ଵ×ଵଷ.ସ
 

 Xu =47.670 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (1669 – 0.416 × 47.670) = 1649.171 mm 

Ast = 
଼ଵ.ଵହଵ ×ଵల

ସଷସ.଼ଷ ×ଵହ.ଽସ 
 = 1129.869 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

No of bar in tension = 
ೞ


=

ଵଵଶଽ.଼ଽ

଼ସ.ଶସ଼
 = 1.40 

Provide 2 number of bars of 32 mm diameter with area, = 1608.495 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 
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Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 300×1669 but not less than 0.0013×300×1669 

=650.91 mm2 but not less than 650.91 mm2 

= 650.91mm2 

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 Ac 

As, max = 0.025× [(1725×300] = 12937.500 mm2 

Ast, provided < As, max, OK 

Design Of Shear Reinforcement 

Design shear force, VEd =390.038 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

Here, 

VRD, max =The design value of maximum shear force 

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)=(d – β2 × Xu) = (1669 – 0.416 × 47.670) 

= 1649.171 mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 300 × 1649.171 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =1793.745 kN 
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And, 

VRds=VNS=VED+Vccd+Vtd= VED=390.038 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

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

Vtd =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.c is 
given by: 

𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               

 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଵଽ
 

     =1.346 

  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3463/2×301/2 
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          =0.265 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0032 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        

∴ 𝜌1=0.0032 

 

∴VRd.c = [0.12×1.346× (80 × 0.0032 × 30).ଷଷ] ×300×1669 

           =158.703 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.265+0.15× 0) × 300× 1669 

                  =132.785 kN 

 

Maximum of VRd.c & VRd.c, min=158.703 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =390.038 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 

Design of Shear Reinforcement           IRC 112:2020 Cl 10.3.3.1.-4 

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
ୱ୧୬షభ൬

మೇಶ
ೌೢ್ೈೋೇభ

൰

ଶ
  

        =
ୱ୧୬షభቀ

మ×యవబ.బయఴ×భబబబ

భ×యబబ×భలరవ.భళభ×బ.ఱరమ×బ.రరల×యబ
ቁ

ଶ
  

       = 6.233⁰ 

 

∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 
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S=
௦௪

ୈ
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2 legged 12 mm stirrups 

 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଷଽ.ଷ଼×ଵయ × 1649.171 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =1039.64 mm 

 

∴ Provide spacing = 300 mm 

 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଷ×ଷ
=0.00251 

 

Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

 

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=
.ଵ

ଵ
× 300 × (1725 − 220) = 451.5𝑚𝑚2 

Let us provide 12mm dia. Bar for skin reinforcement.         

No. of bars=
ସହଵ.ହ

ഏ×భమమ

ర

= 3.99   
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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 × 7.5 × 0.1 × 30 × 1.75 

    = 866.25kN 

Weight of Railing bar = 
4 × 6.19 × 9.81 × 30 × 1.35 × 2

1000
 

   = 19.68kN 

Weight of railing post = 16 × 0.2 × 0.2 × 1.1 × 25 × 1.35 × 2 = 47.52kN 

Weight of Kerb = 1.35 ×  2× 20 × 1.75 × 0.225 × 25 × 30 = 797.34kN 

Weight of Slab = 30 × 0.22 × 6.8 × 25 × 1.35 = 1514.7kN 

Weight of Cantilever Slab = 1.35×2 [0.15 × 2.1 + (0.32 – 0.15) × 0.5 × 2.1] × 
25×30 

                                           =999.3375kN 

Weight of fillet = 1.35 × 4 × 0.5 × 0.1 × 0.15 × 30 × 25 = 30.375kN 

Weight of Main girder 

 Web part = 1.83 × 0.3 × 25 × 3 × 30 = 1235.25KN 

 Bulb part = ((0.7 × 0.25) + (0.2 × 0.15)) × 25 × 3 × 30 = 461.25kN 
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Weight of Cross girder 

 End Cross Girder = 2 × 1.505 × 0.3 × 5.9 × 25 = 133.1925kN   

 Intermediate Cross Girder = 2 × 1.505 × 0.3 × 5.9 × 25 = 133.1925kN 

Total Dead Load from Superstructure (Wu) = 6238.088kN 

Dead load from Superstructure on a Bearing = 
6238.088 

6
 = 1039.681kN 

Dead load from superstructure without partial safety factor  

= 
6238.088 − 866.25

1.35
+

866.25

1.75
 = 4474.139kN  

Dead load from superstructure without partial safety factor on a bearing 

= 
 4474.139

6
 = 745.139kN  

Minimum possible dead load from superstructure (without considering wearing 
course) on a bearing 

=
6238.088 − 866.25

6
 = 895.3063kN 

Minimum possible dead load from superstructure (without considering wearing 
course) without partial safety factor on a bearing 

=
895.306

1.35
 = 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= 0.2× 1000 = 200 KN 

Horizontal braking effort on each main girder = 
200

6
= 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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Vertical reaction on a bearing due to braking load = 
33.33 × 3.575 

30
 = 7.94 kN 

 

Wind Load 

Wind load in transverse direction of Bridge (FW
T ) = PZ × A × G × CD 

Height of bridge < 10.0 m 

From Table 5, IRC 06: 2017,  

For plain terrain and basic wind 33.0 m/s, 

VZ = 27.8 m/s 

PZ = 463.7 N/m2 

From NBC 104, 

Basic wind speed = 47 m/s  

Then,  

VZ = 
47

33
 × 27.8 = 39.59 m/s 

PZ = 463.7  × (
47

33
)ଶ = 940.6 N/m2 

Pressure has been increased by 20% for funneling effect (Note 5 of Clause 209.2, 
IRC 06: 2017) 

PZ = 1.2 × 940.6 = 1128.72 N/m2 

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) 

CD = 1.3 for B/D ≥ 6 

CD = 1.5 for B/D ≤ 2 

CD = 1.361 for B/D = 4.783 

209.3.3, IRC 06: For Combined effect of multiple beams CD, Combined = 1.5 × 1.361 
= 2.04  

Transverse area of bridge, A = Area of girder + Area of RC post + Area of railing  

                                               = 30 × (2.3+0.225) + 16×0.2×1.1 + (30-15×0.2) × 
0.05 × 3 
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                                               = 83.32 m2 

FW
T  = 1128.72 × 83.32 × 2 × 2.04 = 383.95kN 

FW
T  per bearing = 

383.95

6
 = 63.992kN 

Wind Load in Longitudinal direction of Bridge, FW
L  = 0.25 × FW

T  (Clause 209.3.6, 
IRC 06: 2017) 

               = 0.25 × 383.95 

               = 95.99kN 

FW
L  per bearing = 

95.99

6
 = 15.998kN 

Wind load in Vertical direction of bridge; 

Plan area = 30 × 11 = 330 m2 

FW
V  = PZ × A × G × CL 

Where, Lift coefficient, CL = 0.75 (Clause 209.3.5, IRC 06: 2017) 

FW
V  = 940.6 × 330 × 2 × 0.75 = 465.597kN 

FW
V  per bearing= 

465.597

6
= 77.6kN     

Seismic Load  

From Clause 218.5.1, IRC 06: 2017 

Seismic load = 
Z

2
∗  

𝐼

𝑅
 ∗

𝑆

𝑔
∗ 𝑊 

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) 

Sa

g
 = average response acceleration coefficient  

For 5% damping of RCC structure, 

Sa

g
= 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,  

 FS
L = 

0.36

2
* 

1

2
 × 2.5 × 4474.139 = 2013.36 kN 

FS, per bearing
L = 

2013.36

3
= 335.56 kN 

For Transverse direction 

WT = dead load from superstructure + 0.2 × LL (Clause 219.5.2, IRC 06: 
2014) 

    = 4474.139 + 200 = 4674.139 kN 

Effective seismic load towards transverse direction,  

 FS
T = 

0.35

2
* 

1

2
 × 2.5 × 4674.139 = 2103.36 kN 

FS, per bearing
T = 

2103.36

3
 = 350.56 kN 

 

 

 

Vertical reaction on support due to seismic load 

Vertical reaction on bearing when seismic force is along longitudinal direction 

FS, Per bearing
VL = 31.32 kN 

Vertical reaction on bearing when seismic force is along transverse direction 

FS, Per bearing
VT  = 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*10-4. 

Horizontal load due to creep, shrinkage and temperature has been distributed to 
expansion bearing only. 

Horizontal deformation of bearing, ∆ = 5*10-4 × 30000 = 15 mm. 
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Shear modulus of elastomeric bearing, G = 1 N/mm2 (Clause 4.2.1, IRC 83: 2018 
(part II)) 

Approximate minimum height of bearing, h0 = 64.0 mm 

Approximate size of bearing = 350 mm × 500 mm 

Maximum horizontal force on a bearing, 

FCST = 
∆

2h0
* G × A 

FCST = 
15

2 × 64
* 1* (350 - 12 ) × (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 = DLsup + LL + Fbr 
V  

                                                      = 1556.958 kN 

      Total horizontal load = 0 

 

Combination II (A) [N+T]: 

    Total vertical load = DLsup + LL + Fbr
V  

                                  =1634.558kN 

      Total horizontal load = Fbr
H + FCST 

                                                         = 68.662 kN 

Combination III (A) [N+T+W]: 

     Total vertical load = DLsup + LL + Fbr
V + Fw

V 

 = 941.646 kN 
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     Total horizontal load = Fbr
H + FCST + FW

L 

 = 371.56 kN 

Combination VI  [N+T+S]: 

     Total vertical load = DLsup +0.2LL + 0.5Fbr
V + Fw

V 

  = 941.65 kN 

     Total horizontal load = 0.5Fbr
H + FCST + FW

L 

                                       = 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.  

NMin= 745.69kN (Dead load without wearing course) 
NMax= 1634.558 kN 

HMax = 68.66 kN 

From Table B1 (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, hi = 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 × 12 + 2 × 6 = 48.0 mm 

⸫ Total height of bearing, h0 = 3 × 12 + 4 × 4 + 2 × 6 = 64.0 mm 

Provide 6.0 mm gap on either side of elastomer.  

So,  

Effective length, b’ = (500 – 2 × 6) = 488.0 mm 

Effective width, a’ = (350 – 2 × 6) = 338.0 mm 

Effective area of bearing, A1 = 488 × 338 = 164944 mm2     
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Check for Geometry 

i) 
b

a
 = 

500

350
 = 1.43 < 2 (OK) 

ii) 
a

5
 = 

350

5
 = 70 > h = 50 mm (OK) 

iii) 
a

10
 = 

350

10
 = 35 < h = 50 mm (OK) 

iv) Shape factor, S = 
A1

2hi ×  (a'+ b')
  

S = 
164944

2 × 12 × (338 + 488) 
= 8.32 > 6 & < 12 (OK) 

Check for Bearing Pressure  

Bearing pressure ≤ Allowable bearing pressure 

Bearing pressure, 𝜎 = 
Maximum verticla load

Bearing area
= 

1634.558 × 1000

164944
= 9.91 N/mm2 

Allowable bearing pressure = 0.25 × fCK × ඨ
A1

A2
 = 0.25 × 30 × 2  = 15 N/mm2  

(as per IS 456:2000, ඨ
𝐴ଵ

𝐴ଶ
 is limited to 2) 

Here, Allowable bearing pressure > Bearing pressure. 

Hence, OK. 

 

Check for translation 

γd = 
 △bd

h
 +  τmd ≤ 0.7 

Where,  

 △bd

h
 = Shear strain per bearing due to shrinkage, creep and temperature variation 
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 △bd

h
= 

5 × 10-4 × 
30000

2
64

= 0.15625 

τmd = 
H

AG
 = 

53.795  × 1000

488 × 338 × 1
 = 0.416 

γd = 
 △bd

h
 +  τmd = 0.15625 + 0.416 =  0.572 < 0.7 (OK) 

Check for rotation  

Design rotation in bearing 

∝a, d = ∝d
DL+ ∝d

LL ≤  βn∝bi  Max 

  = 
400 × MMax, DL × L ×  10-3

0.5 × EIgr
+ 

400 × MMax, LL × L × 10-3

 EIgr
 

  = 
400 × 

7835.751 × 106

1.35  × 30000 × 10-3

0.5 × 5000 × √30 × 8.873 × 1011 + 
400 × 

9116.496× 106

1.5  × 30000 × 10-3

5000 × √30 × 8.873 × 1011  

  = 0.00834129 

β = 
σm

10
= 

9.91

10
=  0.99 

n = 4 

∝bi  Max = 
0.5 × σm

Max ×  hi 

a' × s2  = 
0.5 × 10 × 12

3388 × 8.322 
 = 0.002564 

(σm
Max =10 MPa as per clause 916.3.5 of IRC 83: 1987 part (II)) 

βn∝bi  Max= 0.99 × 4 × 0.002564 = 0.01064 

∝a, d <  βn∝bi  Max (OK) 

Check for Friction 

γd ≤  0.2 + 0.1 σm 

0.2 + 0.1 σm= 0.2 + 0.1 × 10.42 

= 1.241> 0.482 (OK)  
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Check for total shear stress 

Total shear stress 

τc +  τγ +  τα ≤ 5 MPa  

Where, 

τc = shear stress due to axial compression =1.5 
σm

s
 = 1.5 × 

9.91

8.32
 =  1.786 N/mm2 

τγ = shear stress due to horizontal deformation =  γd= 0.572 N/mm2 

τα = shear stress due to rotation = 0.5 × ൬ 
b

hi
൰

2

 ×  ∝bi  Max  

    = 0.5 × ൬ 
488

12
൰

2

 × 0.00256 = 1.01 N/mm2 

⸫ 1.87 +  0.572 +  1.017 = 3.367 N/mm2 ≤ 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 + 1.5FW
V  + 1.15Fbr

V  

=1039.68+ 803.32 + 1.5 × 77.6 + 1.15 × 7.94 

   =2370.2 kN 

Total horizontal load along longitudinal direction=1.5 FCST =1.5 × 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 + 1.5FS
VL + 0.2Fbr

VL 
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=1039.68 + 44.63 + 1.5 × 31.31 + 0.2 × 7.94 

= 1248.91 kN 

Total Vertical load due to seismicity along transverse direction  

            = 1.35DL + 1.75WC + 0.2LL + 1.5FS
VT + 0.2Fbr

VT 

=1039.68 + 44.63 + 1.5 × 226.51 + 0.2 × 7.94 

= 1541.71 kN 

Total horizontal load along longitudinal direction = FCST = 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) 

NMin= 1039.68kN 

NMax= 2370.2 kN 

HMax= 1.5 × 19.33 = 28.994kN 

From Table B1 (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, hi = 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 × 12 + 2 × 6 = 48.0 mm 

⸫ Total height of bearing, h0 = 3 × 12 + 4 × 4 + 2 × 6 = 64.0 mm 
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Provide 6.0 mm gap on either side of elastomer.  

So,  

Effective length, b’ = (500 – 2 × 6) = 488.0 mm 

Effective width, a’ = (350 – 2 × 6) = 338.0 mm 

Effective area of bearing, A1 = 388 × 288 = 164944 mm2. 

Check for Geometry 

i) 
b

a
 = 

400

300
 = 1.33 < 2 (OK) 

ii) 
a

5
 = 

300

5
 = 60 > h = 50 mm (OK) 

iii) 
a

10
 = 

300

10
 = 30 < h = 50 mm (OK) 

iv) Shape factor, S = 
A1

lP ×  te
 (Clause 5.1.3.1 IRC 83:2018 (Part II) 

Where, lP = 2 × (a’ + b’) = 2 ×  (388 + 488) = 1652 mm 

te = 
 2 × 1.4 × h e+ 4 × hi

total number of layers
  = 

 2 × 1.4 × 6+ 4 × 12

3 + 2
= 12.96 mm 

S = 
164944

1652 × 12.96
= 7.7 > 6 & < 12 (OK) 

Check for Bearing Pressure  

Bearing pressure ≤ Allowable bearing pressure 

Bearing pressure = 
Maximum vertical load

Bearing area
= 

237 .2× 1000

164944
= 14.37 N/mm2 

Allowable bearing pressure = 0.45 × fCK × ඨ
A1

A2
 = 0.45 × 30  × 2  = 27 N/mm2  

(as per IS 456:2000, ඨ
𝐴ଵ

𝐴ଶ
 is limited to 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)) 

εt,d = KL ൫εc,d+ εq,d+ εα,d൯ ≤  εu,d = 
εu,k

γm

  

Where, KL = 1, is type loading factor 

εc,d = Strain due to compressive design load (Clause 5.1.3.2, IRC 83:2018 

(Part II))  

εq,d = Strain due to shear (Clause 5.1.3.3, IRC 83:2018 (Part II)) 

εα,d = Strain due to angular rotation (Clause 5.1.3.4, IRC 83:2018 (Part II)) 

 εu,k = 7 (Note 1 of Clause 5.1.3) and γm= 1  

⸫ εu,d = 
εu,k

γm

 = 
 7 

 1  
 = 7.0  

 Strain due to Compressive design load 

εc,d= 
1.5 × FZ, d

G × Ar ×  S
 

Where, FZ, d = Maximum vertical load = 2370.2 kN 

G = Shear modulus of elasticity of elastomer, generally taken as 1.0 N/mm2 

S = Shape factor 

Ar = Reduced effective plan area due to the loading effects given by, 

Ar =  A1 × ൬1 - 
Vx, d

a'  - 
Vy, d

b' ൰ 

Vx, d= 
Maximum horizontal load in the direction of a

G × A1
 × h 

         = 
28.994 × 1000

1 × 164944
 ×  48  

               = 8.4375 mm 

Similarly, Vy, d= 0 
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Ar =  164944  × ൬1 - 
8.44

338
 - 0൰ = 160826.5 mm2 

εc,d = 
1.5 × 2370.2 × 1000 

1 × 160826.5 × 7.7
 = 2.87 mm 

 Strain due to shear 

εq,d = 
Vxy, d

Tq
= 

ටVx, d
2+ V

y, d

2

Tq
= 

Vx, d

Tq
= 

8.44

48
= 0.176 mm < 1 (OK) 

 Strain due to angular rotation 

εα,d =  
𝑎′ଶ ∗ ∝,ௗ+ 𝑏′ଶ ∗ ∝,ௗ 

2 ∗  ∑ 𝑡
ଶ  ∗  𝑡 

Where, ∝b,d = 0 as there is no rotation along longitudinal axis 

∝a, d = ∝d
DL+ ∝d

LL 

  = 
400 × MMax, DL × l × 10-3

0.5 × EIgr
+  

400 × MMax, LL × l × 10-3

 EIgr
 

  = 
400 × 7835.75  × 106 × 30000 × 10-3

0.5 × 5000 × √30 × 8.873 × 1011 + 
400 × 9116.496 × 106 × 30000 × 10-3

5000 × √30 × 8.873 × 1011  

  = 0.01167 

So,  

εα,d = 
3382 × 0.01167 + 4882 ×  0 

2 × (3 ×  123 + 2 × 63)
 × 12 = 1.424  

Now,  

εt,d = KL ൫εc,d+ εq,d+ εα,d൯ 

      = 1 × (2.87  + 0.176 + 1.424) 

       = 4.469 < εu,d= 7 (OK) 

b. Reinforcing plate thickness (Clause 5.1.3.5, IRC 83: 2018 (part II)) 

ts = 
Kp ×  FZ, d ×  (t1+ t2) × Kh ×  γm 

Ar ×  fy
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Where, Kp = Stress correction factor = 1.3 

 t1 and t2 are the thickness of elastomer layer on either side of the plate 

fy = yield stress of the steel = 250.0 N/mm2 

Kh = factor for induced tensile stresses in reinforcing plate whose value is given 

as, 

Without holes: Kh = 1  

So, for elastomer without holes 

ts = 
1.3 × 2370.2 × 1000 × (12 + 12) × 1 ×  1 

160826.5 × 250
 

    = 1.84 mm < 3.0 mm  so 4mm adopted. 

c. Limiting conditions (Clause 5.1.3.6, IRC 83: 2018 (part II)) 

i. Rotational limitation condition 

For laminated rectangular bearing 

 VZ, d -  
a' ×  ∝a, d +  b' × ∝b, d 

Kr,  d
 ≥ 0 

Where,  

Kr, d = 3 (Clause 5.1.3.6, IRC 83:2018 (Part II)) 

∑ VZ, d is vertical deflection 

From Clause 5.1.3.7, IRC 83: 2018 (Part II),  

 VZ, d = 
∑ FZ, d ×  ti

A1
  × ൮

1

5 × G × S2+ 
1

Ebearing

൲ 

Ebearing is given in Note-1of same clause as 2000 N/mm2 

 VZ, d = 
2370.2 × 1000 × 48

146944
 × ቌ

1

5 × 1 × 7.72+ 
1

2000

ቍ 

         = 2.24 mm 
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Now,  

 VZ, d -  
a' ×  ∝a, d +  b' × ∝b, d 

Kr,  d
 = 2.45 - 

338 × 0.01224 +  488 × 0 

3
 

       = 1.01 > 0.0 (OK) 

ii. Buckling stability 

For laminated rectangular bearing 

FZ, d

Ar
 < 

2  × a' × G × S

3 × Te
 

Or,  
2370.2 × 1000

160826.5
 < 

2  × 388 × 1 × 7.7

3 × 48
 

i.e., 14.74 < 36.166 (OK) 

iii.  Non sliding condition 

Fxy, d ≤ μe ×  Fz, d Min  

Where, Fxy, d = 28.994 kN 

Fz, d Min is the minimum value of dead load from superstructure. As rubber has the 

unique property that it behaves differently below certain minimum load, Fz, d Min
 

has been taken as DL without considering wearing course, i.e., 

Fz, d Min = 895.31kN  

μe= 0.1 + 1.5 × 
Kf

σm
 

Kf = 0.6 for concrete 

σm= 
Force

Area
= 

895.31 × 1000

160826.5
 =  5.57N/mm2 

Then, 

μe= 0.1 + 1.5 × 
0.6

5.57
= 0.262 

μe ×  Fz, d Min= 0.3 × 488.72 = 234.27kN 

Here,  
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Fxy, d = 28.994 ≤ μe ×  Fz, d Min= 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 × 7.5 × 0.1 × 30  

    = 495 kN 

Weight of Railing bar = 
4 × 6.19 × 9.81 × 30  × 2

1000
 

   = 14.57 kN 

Weight of railing post = 16 × 0.2 × 0.2 × 1.1 × 25 × 2 =35.2 kN 

Weight of Kerb = 2× 1.75 × 0.225 × 25 × 30 =590.625 kN 

Weight of Slab = 30 × 0.22 × 6.8 × 25 =1122 kN 

Weight of Cantilever Slab = 2 [0.15 × 2.1 + (0.32 – 0.15) × 0.5 × 2.1] × 25×30 

                                           =740.24 kN 

Weight of fillet = 4 × 0.5 × 0.1 × 0.15 × 30 × 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 



157 
 

Total Dead Load from Superstructure (Wu) =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  

  

Reaction at A due to Class70R(Track) vehicle=1/2×4.57×(1+0.848) 
×153.173*1.1 

                                                                           = 357.56 kN       

                      

 

 

Reaction at A due to Class70R(Wheeled) vehicle 
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        =[170×(1+0.9543+0.8526+0.807) + 120×(0.736+0.6853) + 80×0.5533]  

*1.12 

        =474.58 kN  

  

 

SF (Class A) = [114×(1+0.96) + 68×(0.8166+0.7167+0.6167+0.5167) *1.125 
* 2  

           = 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/mm2
  

Reinforcement =Fe500              

Yield stress of steel(fy) = 500N/mm2 

   Unit weight of materials as per IRC:6-2017: 

            Concrete (Reinforced) = 25kN/m3 

            Backfill = 20kN/m3  
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6.2.2. Bridge Geometry 

Superstructure Geometry = 2.30m 

Bearing Height = 0.150+0.064 = 0.214m (including pedestal) 

 

 

6.2.3. Abutment Geometry 

                           

 

  

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 
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          = 4.101m 

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 

center of base 

Moment 

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) + (0.3+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 

Ф = 35° 

β = 0° 

α = 0° 

δ = 22.50° (2/3 of Ф) 

ɣ =20 kN/m3 

Term1 = cos2(Ф - α)  = 0.671 

Term2 = cos2(α)cos(δ+α) = 0.924 

Term3 = sin (Ф+ δ) sin (Ф- β) = 0.484 

Term4 = cos (α- β) cos (δ+ α) = 0.924 
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             ka =
Term1

Term2
∗

⎝

⎛
1

1 + ටTerm3
Term4⎠

⎞

ଶ

 

  
 Ka = 0.244 

 h = Total Height - Approach Slab depth 
  = 7.49 - 0.3 

  = 7.19m 

 Earth pressure = ɣ* Ka*h 

   = 20 * 0.244 * 7.19 

   = 35.16kN/m2 

 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 (δ)  

                                        =1390.29*cos (22.5)  

                                        =1284.46kN acts @ 0.42h i.e. 3.020m for dry soil from 

base 

 Vertical Force  =1390.29*sin (δ)  

                                     =1390.29*sin (22.5)  

                                     =532.04kN acts @ (-1.2/2= -0.6m from stem center) 

  

  
Force 
(KN) 

LA (m) M (KNm) 
 

(EP h) = 1284.46 3.020 3878.82 
(FP v) = 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) 
 

 

1 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 

           = 1.2 + 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(α) = 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/m2    

Shear modulus of elastomeric bearing = 1.1(IRC. 83 part II) 

Area of bearing = 0.175m2 

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 

                 = 5.11m 

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 

ɣ = 20kN/m3 

Pressure =  ɣ* Ka*h 

    = 20*0.244*1.2  

               =5 .868kN/m2 

 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

2
∗ I ∗

𝑆

𝑔
=

0.36

2
∗ 1.2 ∗ 2.5 = 0.45 

Ah = 0.45/3 = 0.15 

This term ‘Ah’ 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: 

 

i. Abutment Self Load 



165 
 

  

Component Wt.(kN) Horizontal 

force(kN) 

Lever 

arm(m) 

Moment(kNm) 

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 

iii. Due to backfill 

Ф = 35° 

β = 0° 

α = 0° 

δ = 22.50° (2/3 of Ф) 

ɣ = 20 kN/m3 

 Ah = 0.15 

 Av = 2/3*0.15 = 0.1 

Λ =tanିଵ(


ଵ±౬
)= tanିଵ .ଵ଼

ଵ±.ଵଶ
 = 0.165 rad 

Cୟ =
(1 ± A୴)cosଶ(∅ − λ − α)

cosλcosଶ(α)cos (δ + α + λ)
∗

⎝

⎜
⎛ 1

1 + ൬
sin(∅ + δ) sin(∅ − β − λ)
cos(α − β) cos (δ + α + λ

൰
.ହ

⎠

⎟
⎞

ଶ

 

       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 =  ɣ*(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 

iv. Dynamic Surcharge 

Force = ɣ*(Ca-Ka) *h * Height of abutment * Width of abutment 

     = 20*0.146*1.2*7.19*11 

     = 277.89kN 

Lever arm = Height of abutment/2 = 7.49/2 = 3.74m 

Moment = 277.79 * 3.74 = 1040.71 kNm 

 

 

Unfactored 

 
Forces (KN) Moment 

(kNm) 
Load Factors 

Vertical Horizontal Basic Seismic 
Abutment Self 1918.9 0.0 -100.5 1.00 1 
SS DL 2271.0   0.0 1.00 1 
SS Surface 247.5   0.0 1.00 1 
SS LL 803.3   0.0 0.00 0.00 
EPH   1284.5 3878.8 1.50 1.00 
EPV 532.0   -319.2 1.00 1.00 
LL Surcharge 
(H)   464.1 1738.0 1.20 0.20 
Braking   200.0 995.2 1.50 0.20 
Temperature   75.8 387.7 0.90 0.50 

                   Seismic Loads 
  Superstr. DL   377.8 2511.6 0.00 1.50 

Abutment DL   287.8 0.0 0.00 1.50 
Earth 
pressure   832.5 2992.9 0.00 1.50 
Dynamic 
Surcharge    277.9 1040.7 0.00 1.50 
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8.2.5. Summary of Loads  

 

8.2.6. Structural Design 

Width of abutment = 11m 

Total Stem Base Width = 1.2m 

Area (Ac) = 13.2 m2 

Fcd = 0.446* fck   

     = 13.38 N/mm2 

Axial Load = 0.1*fcd*Ac  

                   = 17661.6 kN 

Max Axial Load = 4969kN   (Vertical load becomes axial load here) 

Since, max axial load is less than 0.1*fcd*Ac, abutment stem is designed as 

cantilever slab where foundation is treated as fixed support and stem is treated as 

slab. 

 

 

Factored (Non-
Seismic/Structure) Factored (Seismic / Structure) 

Forces (KN) Moment 
(KNm) 

Forces (KN) Moment 
(KNm) Vertical Horizontal Vertical Horizontal 

Abutment 
Self 1918.9 0.0 -100.5 1918.9 0.0 -100.5 
SS DL 2271.0 0.0 0.0 2271.0 0.0 0.0 
SS Surface 247.5 0.0 0.0 247.5 0.0 0.0 
SS LL 0.0 0.0 0.0 0.0 0.0 0.0 
EPH 0.0 1926.7 5818.2 0.0 1284.5 3878.8 
EPV 532.0 0.0 -319.2 532.0 0.0 -319.2 
 Surcharge 
(H) 0.0 556.9 2085.6 0.0 92.8 347.6 
Braking 0.0 300.0 1492.8 0.0 40.0 199.0 
Temperature 0.0 68.2 348.9 0.0 37.9 193.9 

SEISMIC     
   Superstr. DL 0.0 0.0 0.0 0.0 566.7 3767.4 

Abutment 
DL 0.0 0.0 0.0 0.0 431.8 0.0 
Earth 
pressure 0.0 0.0 0.0 0.0 1248.8 4489.4 
Surcharge  0.0 0.0 0.0 0.0 416.8 1561.1 

4969.5 2851.8 9325.8 4969 4119 14017 
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6.3.  Design of Abutment Stem 

6.3.1.  Calculation of limiting moment 

Ecu2 = 0.0035     

Eyd = 0.0022 

Fck = 30 MPa 

0.446*fck = 13.38 N/mm2 

Xu = 683.96 mm 

0.416*Xu = 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 

β1 = 0.80952 

β2 = 0.41597 

Compressive Force(C) = β1*0.446Fck*bw*Xu  = 81491.08 kN 

Cg from steel level = d-0.416Xu = 824.49mm 

Mulim= 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 Mulim is decreased 

respectively. 

 

Ecu2  = 0.0035     

Eyd = 0.0022 

Fck = 30 MPa 

0.446*fck = 13.98 N/mm2 

Xu = 110.68mm 

0.416*Xu = 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 

Bw = 11000mm 

β1 = 0.80952 

β2 = 0.41597 

C =  β1*0.446Fck*bw*Xu     

    =13187.17 kN 

Cg from steel level = d-0.416Xu = 1062.96 mm  

Mulim = 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/mm2 

Fyd = 434.78 N/mm^2 

Steel Required = Compressive Force*1000/ Fyd = 30330.49mm2 

Tensile steel as per code (IRC.112 cl.16.5.1.1) 

Fctm = 0.26*fck
2/3 = 2.51 

Fyk = 500 N/mm2 

0.26*Fctm/Fyk = 0.001144 

As per code: 

                      

So,          

Minimum Area of steel = 0.0013*d*bw = 15858.7 mm2 

Area of concrete (Ac) = D*bw = 13200000 mm2 

Maximum Area of steel = 0.025Ac = 330000 mm2 

Since, steel required is less than area of steel, we are adapting minimum area of 

steel. 
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Required Ast = 30330.49 mm2  

                     = 25mm Ф @ 178.026 mm c/c spacing 

Provided Ast = 32mm Ф @ 150mm c/c spacing 

Therefore, area of steel provided=58978.17 mm2 (>30330.49mm2, 

<330000mm2) (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) = bw*d = 12199000 mm2 

Area of Steel Provided (Ast) = 58978.17 mm2 

Fck = 30 MPa 

σc = 0.00 

ρl = Ast/(bw*d) = 0.0048 ≤0.02 

k = 1+ (200/d)0.5 = 1.425 ≤ 2   

γmin = 0.031k3/2 fck
1/2 = 0.2887 

γRd, c, min =  γmin +0.15 σcp = 0.289 

Vୖ ୢ.ୡ = [0.12k(80ρଵ ∗ fck).ଷଷ + 0.15σୡ୮ 

         = (0.12*1.425*(80*0.0048*30)0.33+0.15*0) 

         = 0.3839   

Γ = max (γRd, c, min, Vୖୢ.ୡ) = max (0.289,0.3839)  = 0.3839 

 

VRd.c = 0.3839*bw*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 
        

Rare 
combination 

Frequent 
Combination 

Quasi-
permanent 

Combination 

  
Vertical Horizontal Moment 

(KNm) 
 

Normal 
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 
SS LL 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) 
Moment 
(KNm) 

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 
SS LL 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 
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Factored loads(Frequent combination) 

 

Forces(KN) 
Moment 
(KNm) 

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 
SS LL 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 0.0 0.0 
Braking 0.0 150.0 746.4 
Temperature 0.0 56.8 290.8 

Seismic Loads     
Superstr. DL   0.0 0.0 
Abutment DL   0.0 0.0 
Earth pressure   0.0 0.0 

   
6435.7 

 
 

 
 
 
   

 
 
 
 

 
 

 
 

Factored loads (Quasi-permanent combination) 

 

Forces (KN) 
Moment (KNm) 

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 
SS LL 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 0.0 0.0 
Braking 0.0 0.0 0.0 
Temperature 0.0 37.9 193.9 

Seismic Loads     
Superstr. DL   0.0 0.0 
Abutment DL   0.0 0.0 
Earth pressure   0.0 0.0 

   
5592.4 
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Bending Moment for crack width check (Mc) =8016.7 kNm (From Rare 
Combination) 

 

Area of Steel provided (As) =  58978mm2 

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 

Hc, eff  = 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  

∴ Hc, eff = 228 mm         

Ac, eff  = min (Hc, eff) *Bw  

         = 228*11000  

         = 2502500mm2 

Es = 200000MPa(N/mm2) 

Actual Stress(σsc) = Mc *106/ (As* z) = 132.26N/mm2 

Kt = 0.5 

Fcm = fck+10 = 40MPa 

Fct, eff  = 0.259*(Fck)2/3 

          = 0.259*(30)2/3  

               =2.5 

Ecm = 22*(fcm/12.5)0.3*1000MPa(N/mm2) 

       =31187 MPa 

ρ1, eff = As/Ac, eff = 58978/2502500 = 0.0236 

αe = Es/Ecm = 200000/31187 = 6.413 

εୱ୫ − εୡ୫ =

σୱୡ − k୲ ∗
fୡ୲,ୣ

ρ୮,ୣ
∗ ൫1 + αୣ ∗ ρ୮,ୣ൯

Eୱ
≥ 0.6

σୱୡ

Eୱ
 

εୱ୫ − εୡ୫  = 0.000397 
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c=75mm  

Sr, max = 3.4c+0.17*Φ/Ρ1, eff) = 3.4*75+0.17*32/0.0236 

      = 485.82mm 

Crack width = c*(εsm-εcm)   

                    = 75*0.000397 

                    = 0.192mm <0.3mm (ok for severe case) 

6.3.5. Horizontal Reinforcement 

Vertical main = 32mm Φ @150mm c/c spacing 

Ast provided = 5361.65m2/m 

Stem width = 1200mm 

Stem Height = 1000mm 

Ac = 1200*1000 =1200000mm2     

Horizontal reinforcement = 25% Ast = 1340.41 mm2 

      = 0.001Ac =1200 mm2 

Using 16mm Φ bar 

Area of 16mm Φ bar  = π*162/4 = 201.06mm2 

Then spacing = 1000/ (1200/201.06) = 150mm 

Provide Ast = 20mm Φ bar @ 150mm c/c spacing 

Ast provided = 2094.4 mm2 (which is greater than 25% of Ast) 
 

6.3.6. Vertical Reinforcement 

Stem Width (W) = 1200mm 

Stem L = 1000mm 

Ac = 1200*1000 = 1200000 mm2 

0.0012*Ac = 0.0012*1200000 = 1440 mm2 

Using 16mm Φ bar 

Area of 16mm Φ bar  = π*162/4 = 201.06mm2 

Then spacing = 1000/ (1440/201.06) = 140mm 

Provide Ast = 20mm Φ bar @ 150mm c/c spacing 

Ast provided = 2094.4 mm2  (which is greater than 0.0012Ac) 

Check: 

Ast provided at rear face = 58978.17 mm2 
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Ast provided at front face = 2094.40 mm2 

Allowable maximum reinforcement = 0.04 * Ac = 528000mm2  (ok) 

Allowable minimum reinforcement=1440 mm2 (ok) 

 

6.4. Design of Pile Foundation  

6.4.1. Loads from Abutment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 ) + Fwc + Ff + Fb + Gb + Fcf + Fep 

 

CombinationII): Combination I + W + Fwp   

Unfactored 
Forces (KN) Moment 

(KNm) Vertical Horizontal 
Abutment Self 1918.9 0.0 -100.5 
SS DL 2253.4   0.0 
SS Surface 247.5   0.0 
SS LL 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 
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 Or  

Combination I + Feg + Fwp  

Or  

Combination II + Fim  + Fwp   

Combination III) : G + Fwc  + Gb + Fep  +  Fep  + Fer + Ff  + (W or Feq ) 

 

 

 

 

C1 load combination  

 

Combinations  
C1 C2 C3 

Abutment Self 1 1 1 
SS DL 1 1 1 
SS Surface 1 1 1 
SS LL 1 1 0 
EPH 1 1 1 
EPV 1 1 1 
LL Surcharge 
(H) 1 1 0 
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Load = Respective load * Respective load factor 

C1 

Forces (KN) Moment 
(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 
SS LL 892.6 0.0 0.0 
EPH 0.0 1284.5 6190.8 
EPV 532.0 0.0 -319.2 
LL Surcharge 
(H) 0.0 464.1 2573.3 

0.0 0.0 0.0 
horizontal 0.0 200.0 1398.0 
vertical 8.0 0.0 0.0 
Temperature 0.0 0.0 0.0 

Seismic Loads   
Superstr. DL 0.0 0.0 0.0 
Abutment DL 0.0 0.0 0.0 
Earth pressure 0.0 0.0 0.0 
Dynamic 
Surcharge  0.0 0.0 0.0 

Total  5852.5 1948.5 9742.4 
 

 

 

C2 load combination  

 

Load = Respective Load * Load Factor  

 

Horizontal 1 1 0 
Vertical 1 1 0 
Temperature 0 0 0 

Superstr. DL 0 1 1 
Abutment DL 0 1 1 
Earth pressure 0 1 1 
Dyn. 
Surcharge  0 1 0 
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C2 

 
Forces (KN) Moment 

(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 
SS LL 892.6 0.0 0.0 
EPH 0.0 1284.5 6190.8 
EPV 532.0 0.0 -319.2 
LL Surcharge 
(H) 0.0 464.1 2573.3 

 
0.0 0.0 0.0 

Braking 
horizontal 0.0 200.0 1398.0 
Braking vertical 8.0 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  0.0 277.9 1540.9 

Total  5852.5 3721.9 18944.1 
 
    

 

 

 

 

 

 

 

 

 

 

 

C3 load Combination  

 

Load = Respective Load * Load Factor 
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C3 

 
Forces (KN) 

Moment 
(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 
SS LL 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 18944.1 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 

 

 

 Fig : Pile configuration  

 

 

piles N Y(m) Z(m) y2 z2 
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 



181 
 

 

 

 

 

 

 

 

 

Additional load on pile cap = Length * width * thickness * unit weight of concrete 

           = 11.4 * 9.6 * 1.8 * 25  

           = 4924.8 kN 

Additional load on piles = Area * length * unit weight of concrete * No of piles  

       =  𝜋 ∗
ଵ.ଶమ

ସ
 * 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

+ 𝐌𝐲 ∗
𝒛

∑𝒛𝟐
 

  

𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝 =
𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝  𝐟𝐫𝐨𝐦 𝐚𝐛𝐮𝐭𝐦𝐞𝐧𝐭

𝐭𝐨𝐭𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐩𝐢𝐥𝐞𝐬
 

                              

 

 

 

 

 

 

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 
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 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   

 

 

 

 

 
         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 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 

From Combination C3 
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 
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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 (𝜂) for very loose sand = 5000 kN/m3 

Moment of inertia of pile  x − section =
1

4
∗ π ∗ ൬

D

2
൰

ସ

  

                                                   =0.102 m4 

Young’s modulus of pile material (E) = 5000 * (fck)1/2*1000 

                                                             =27386128 N/mm2  

Stiffness Factor(T)  =  ൬
𝐸𝐼

𝜂
൰

ଵ
ହ

 = 3.54 𝑚  

2T = 2 * 3.54 = 7.08 m  

4T = 4 * 3.54 = 14.17 m  

Scour depth (e) = 12. 04 m  

𝑆𝑐𝑜𝑢𝑟 𝑑𝑒𝑝𝑡ℎ (𝑒)

𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝐹𝑎𝑐𝑡𝑜𝑟(𝑇)
 =

 12.04

3.54 
=  3.40 𝑚 

 

 

From graph,  
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Depth of point of fixity (Z)

stiffness factor(T)
= 1.89  

Zf = 3.54 * 1.89 = 6.71 m 

For Fixed Head moment  

Deflection(y) =
H(e + z)

ଷ

12EI
∗ 10ଷ 

Fixed End Moment(M) =
H(e + z)

2
 

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 (γ) = 20kN/m3 

active earth pressure coefficient (ka) = 0.334  

angle of friction between pile and soil (δ) = 29.94°  

Frictional coefficient =tan (δ ∗
గ

ଵ଼
)  = 0.576 

Cross sectional area of pile tip (Ap) = 𝜋 ∗
ୈమ

ସ
 = 1.13 m2 

Surface area of pile shaft (As) = π ∗ D ∗ L = 86.71 m 

 

 

Assuming skin friction is applied before end bearing  

Level 
Overburden 

pressure 
Force 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  
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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*𝛾*level 

Force = Average of Overburden pressure * 𝜋 * 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 (Ki)= 1 

angle of friction between pile and soil (δ) = 29.94°  

Frictional coefficient =tan (δ ∗
గ

ଵ଼
)  = 0.576 

Effective overburden pressure at pile tip (Pd) = (L-e)*Ki* 𝛾 = 219.20 kN/m2 

Note: end bearing must be taken upto 15 times diameter of pile for greater depth 

Angle of internal friction, 𝜙 at pile tip (Nq) = 20 

 Bearing capacity factor (𝑁ఊ) = 20 

Cross sectional area of pile tip (Ap) = 𝜋 ∗
ୈమ

ସ
 = 1.13 m2 

Pile diameter (D) = 1.2 m 

Total end bearing =  Ap * (0.5 * D * 𝛾* 𝑁ఊ + Pd * Nq )  

                          = 5229.6 kN  

   FoS = 2.5 

   Ultimate Load Capacity (Qu) =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑑 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 + 𝑇𝑜𝑡𝑎𝑙 𝑠𝑘𝑖𝑛 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛

𝐹𝑜𝑆
      

=
5229.6 + 2748.6

2.5
 

                                                          = 2902.1 kN > extreme axial force (2599.54 kN)                 

 (OK) 
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6.4.5. Pile Cap Design  

                           Table: Unfactored loads from abutment  

Unfactored 
Load Factors 

Forces(KN) Moment 
(KNm) Vertical Horizontal Basic  Seismic 

Abutment Self 1918.9 0.0 -100.5 1.35 1.35 

SS DL 2253.4   0.0 1.35 1.35 

SS Surface 247.5   0.0 1.75 1.75 

SS LL 892.6   0.0 1.5 0 

EPH   1284.5 6190.8 1.5 1 

EPV 532.0   -319.2 1 1 
LL Surcharge 
(H) 

  464.1 2573.3 1.2 0 

Braking 
horizontal 

  200.0 1398.0 1.5 0 

Braking vertical 8.0   0.0 1.5 0 

Temperature   79.9 552.2 0.9 0.5 

Seismic Loads 
Superstr. DL   375.1 3169.3 0 1.5 

Abutment DL   287.8 0.0 0 1.5 

Earth pressure   832.5 4491.5 0 1.5 

Dyn. Surcharge    277.9 1540.9 0 1.5 
 

 

 

Factored(basic) Factored(seismic) 

Forces(KN) 
Moment 
(KNm) 

Forces(KN) 
Moment 
(KNm) 

Vertical Horizontal   Vertical Horizontal   

Abutment Self 2590.5 0.0 -135.6 2590.5 0.0 -135.6 

SS DL 3042.1 0.0 0.0 3042.1 0.0 0.0 

SS Surface 433.1 0.0 0.0 433.1 0.0 0.0 

SS LL 1338.9 0.0 0.0 0.0 0.0 0.0 

EPH 0.0 1926.7 9286.3 0.0 1284.5 6190.8 

EPV 532.0 0.0 -319.2 532.0 0.0 -319.2 
LL Surcharge 
(H) 

0.0 556.9 3088.0 0.0 0.0 0.0 

  0.0 0.0 0.0 0.0 0.0 
Braking 
horizontal 

0.0 300.0 2097.0 0.0 0.0 0.0 

Braking vertical 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    

            = 1.35 * 11.4 * 9.6 * 1.8 * 25  

            = 6648.48kN 

Additional load on piles  = 1.35 * Area * length * unit weight of concrete * No of 
piles  

       = 1.35 ∗ 𝜋 ∗
ଵ.ଶమ

ସ
 * 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

𝐭𝐨𝐭𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐩𝐢𝐥𝐞𝐬

+ 𝐌𝐲 ∗
𝒛

∑𝒛𝟐
 

  

𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝 =
𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝  𝐟𝐫𝐨𝐦 𝐚𝐛𝐮𝐭𝐦𝐞𝐧𝐭

𝐭𝐨𝐭𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐩𝐢𝐥𝐞𝐬
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Basic 

Axial Hz My 
Total Axial 

load 

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 
Total Axial 

load 

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 (l) = Zf  + e = 18.75 m 

Moment (M) =
H ∗ L

2
= 4150.212 kNm 

 

6.4.5.3. Material properties 
 Concrete used: M30 (IRC 112-2020 Table 6.4) 

 Characteristic strength, fck= 30 N/mm2 

 Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

 𝛼 = 0.67  

 𝛾𝑚 = 1.5     

 Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

 Steel used: Fe500 

 Yield Strength of Steel, fyk=500N/mm2 

 Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

 Young’s Modulus of Elasticity, Es = 2×105N/mm2 

 Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

 Area factor (β1) = 0.810 

 CG factor(β2) = 0.416 

 Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 

 

Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠ ାக
d [SP 105] 

        =
.ଷହ∗ଵ

.ଷହା .ଶଵ଼
 = 1048.7 mm 

 

Compressive force (C) = β1 × Fcd × b × Xlim  
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= 
.଼ଵ × ଵଷ.ସ × ଷଶଽଶ× ଵସ଼.

ଵ
 

= 47776.7 kN 

CG from steel level (z) = d- β2 × Xlim = 1700– 0.416 × 1048.7 

= 1263.8 mm  

Mu, lim = C × z = 47776.7× 
ଵଶଷ.଼

ଵ
 = 60379.7kNm 

Since, Mu, lim is less than factor bending moment assumed depth is satisfied. 

Design of main reinforcement 

Design Bending Moment, MEd = 22498.5 kNm 

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

To find the actual neutral axis depth corresponding to MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଵ

ଶ×.ସଵ
− ටቀ

ଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଶଶସଽ଼.ହ×ଵల

.଼ଵ×.ସଵ×ଷଶଽଶ×ଵଷ.ସ
 

 Xu = 314.7 mm 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (1700 – 0.416 × 314.7) = 1569.1 mm 

Ast = 
ଶଶସଽ଼.ହ×ଵల

ସଷସ.଼ଷ ×ଵହଽ.ଵ 
 = 32978.7 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.25 mm2 

Spacing required = 
ୠ∗

౩౪
=

ସଶ∗଼ସ.ଶହ

ଷଶଽ଼.
 = 102.42mm 

Provide 32mm dia bars @100 mm spacing = 33778.40 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

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

As, min = 0.26× 
ଶ.ହ

ହ
 × 4200×1700 but not less than 0.0013×4200×1700 

=9282 mm2 but not less than 9282mm2 

= 9282 mm2 

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 Ac 

As, max = 0.025× [1700×4200] = 178500 mm2 

Ast, provided < As, max, OK 

 

Design Of Shear Reinforcement 

Design shear force, VEd =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 VRd.c is 
given by: 

𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               

 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଵ
 

     =1.342≤2 

= 1.342 

  𝑉 = 0.31K3/2fck1/2 

          =0.31×1.34233/2×301/2 

          =2.63 

σcp = 0 



193 
 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0014≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        

∴ 𝜌1=0.0014 

 

∴VRd.c = [0.12×2× (80 × 0.014 × 30).ଷଷ] ×4200×1700 

           =5465.14 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (2.63+0.15× 0) × 4200 × 1700 

                  =18778.2 kN 

 

Maximum of VRd.c & VRd.c, min=18778.2kN. VEd< VRd.c 

Horizontal reinforcement = 0.001 Ac = 0.001*1800*4200 = 7560 mm2 

Using 16mm bars with area 201 mm2  

Spacing = 223.40 mm 

Adopt 16 mm bars @ 200 c/c 

 

 Check For Punching Shear 

Ast provided  =  25132.7 mm2 
Therefore, ρ1= 25132.7/(1700*1000*1000) 
         = 0.0148 % 

Fck  = 30 Mpa 
Effective depth of pile cap(d) = 1.7 m. 
Diameter of pile(D) = 1.2 m. 
Edge projection = 0.90 m. 

Radius of control perimeter =
D

2
+ 2𝑑 = 4 𝑚. 

   For Internal Pile 

 Perimeter (ui) = 2*3.14*4 = 25.13 m 

 Eccentricity(e) = 3136.02/4150.212= 0.756 m. 

 𝛽 = 1 + 0.6𝜋 ቀ


ାସ
ቁ = 1.178 
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 Vୈ =  𝛽 ∗
ଷଵଷ.ଶ

୳
∗

ௗ

ଵ
= 0.250 N/mm2 

 K = 1 + ቀ
ଶ

ୢ
ቁ

.ହ
= 1.34 < 2 

  𝑣 = 0.031 ∗ 𝐾
య

మ ∗ 𝑓

భ

మ = 0.117 𝑁/𝑚𝑚ଶ 

 Vrdc = 0.523 N/mm2  

 Hence VED <  Vrdc Hence ok 

 For Corner Pile 

 Angle for corner pile = 2.34 radians. 

 U1  = 9.358 m. 

 U2  = 6.283 m. 

 𝛽 = 1 + 𝑘(
ெಶವ

ಶವ
∗

௨భ

ௐభ
)= 1.489 

 VED = 0.352 N/mm2 

 K=1.89 

 Vmin = 0.107 N/mm2  

 Vrdc = 0.523 N/mm2 > VED (ok) 

 

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 

 Calculation of longitudinal reinforcement. 

dᇱ

D
=

87.5

1200
= 0.072 

≅ 0.1 

Refer Chart 60 of Sp 16 ( IS 456). 

P୳

fୡ୩Dଶ
=

3136020

30 × 1200ଶ
= 0.072 

M୳

fୡ୩ × Dଷ
=

4150210000

30 × 1200ଷ
= 0.080 

From above value and using chart 60 of SP 16 (IS 456) 

p

fck
= 0.03 

Therefore Percentage of reinforcement required, 

%p = 0.07*30 = 2.1% > 0.8% (minimum) 

So provide %p = 2.1% 

Area of reinforcement required(Asc) =
ଶ.ଵ

ଵ
∗ 3.14 ∗

ଵଶ∗ଵଶ

ସ
  

    =23738.4 m2 

Area of 32 mm diameter bars = 804.24 m2 

No of 32 mm dia bar required =
23738.4

804.24
= 30 

Hence provide 30 numbers of 32mm diameter bars. 

Spacing of bars = 3.14 ∗
ଵଶହ

ଷ
= 107.28 mm. 

Area of reinforcement provided =24127.2mm2. 

 Calculation of transverse reinforcement. 

τuv =
4 ∗ 4427200

3.14 ∗ 1200ଶ
= 0.39 

           τcmax = 3.5 N/mm2 > 0.39 N/mm2 

           For p =2.1% and M30 concrete, form IS 456 table 19, 𝜏𝑐 = 0.85 N/mm>𝜏uv 

                 Design Shear Force VED = 442.72 kN 

   From IRC 112 10.3.2 

     VR.D.C=[0.12*K*(80*ρ1*fck)0.33+0.15σcp]*Anet = 606.05 kN 

     NED = 3136.02 kN 
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            K=1 + ට
ଶ

ௗ
   =  1.015 < 2 

                  σୡ୮ =
Nୈ

Aେ
=

3136.02 ∗ 10^3

1130973.3
= 2.77 > 0.2𝑓𝑐𝑑 

                                                                    =0.2*13.4=2.68 
    Vmin = 0.031K3/2 f ck ½ 

    Vmin =0.031*1.0153/2*301/2 = 0.173 

    VRDC,min = (vmin + 0.15 σ cp) bwd 

                             = (0.173 + 0.15*2.68)* 813927  

       = 468.66 

    Vrdc  = Maximum of 606.05 and 468.66 kN 

             = 606.05 kN 

               Hence Vrdc > 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). 

                  Asv = 4 ∗ 3.14 ∗
8ଶ

4
= 200.96 𝑚𝑚ଶ 

     Spacing of ties 

                  i) ≤ 16 × 25 = 400 mm 

                ii) ≤ 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 = 7.5 m  

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 5m 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 × clearance  

         = 6.5 + 0.5 + 2 × 0.5 = 8 m  

    (As Clearance is taken as 0.5m (0.4-0.6m)  

Minimum Width of pier cap = 2 × projection beyond pier + 2 × 2 × bearing offset 

+ 2 × bearing width  

    = 2 × 75 + 2 × 2 × 150 + 2 × 350 = 1.45 mm  

Width, B = diameter of pier stem + 2 × projections  

Assume diameter of pier stem = 2.50 m and projections = 75mm (50-200)  

B = 2.50 + 2 × 0.075 = 2.65 m  

Thickness of pier cap  

Adopt 1500mm at the face of pier stem and 750mm at the end. 

`

 

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 × 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  

Punching shear = 
Maximum vertical force on bearing

Area
 

     = 
1193.13 × 1000

2 × (350+500+2 × 898.55) × 898.55
 = 0.251 N/mm2 

For M30 concrete, Punching shear strength 𝐾𝑐𝜏𝑐 = 1.369 N/mm2 > 0.68 N/mm2  

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 × (2.5×1.5 + 0.5×2.75×2 × (1.5+0.75)) × 2.65 × 25= 

888.785 kN  

Therefore, design axial load Pu = 8237.119 kN  

Let Ag be the sectional area required then, 

 Pu = 0.67 fy Asc + 0.4 fck Ac  

Assume 1% steel reinforcement then  

8237.119 × 1000 = 0.67 × 500 × 0.01 × Ag + 0.4 × 30 × 0.99 × Ag  

Or, Ag = 540848.23 mm2  

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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 0.6 

30    0.6 

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  

 

Maximum LL on pier from right side = [2 × {27 × 30 + 27 × (30-1.1) + 114 × (30 
- 4.3) + 114 × (l30-5.5) + 68 × (30-9.8) + 68 × (30-12.8) + 68 × (30-15.8) + 68 × 
(30-18.8)}]/30 = 772.23 kN 

Impact factor = 1.125 

Max LL including Impact = 772.23 × 1.125 = 868.76 kN 

 

 

 

 

Class 70R Wheel 

 

 

 

30 30 

 

30 
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4.57 

30 

Maximum LL on pier from right side = [{170 × 30 + 170 × (30-1.37) + 170 × (30 
-3.05-1.37) + 170 × (30-1.37-3.05-1.37) + 120 × (30-2.13-1.37-3.05-1.37) + 120 × 
(30-1.52-2.13-1.37-3.05-1.37) + 80 × (30-3.96-1.52-2.13-1.37-3.05-1.37)}]/30 = 
829.21kN 

Impact factor = 1.12  

Max LL including Impact = 829.21 * 1.12 = 928.711 kN 

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 × (54 + 228 + 2 × 136) + 0.1 × (54 + 228 + 2 × 136) 

     = 166.2 kN 
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This load is taken by pier only. Braking load on pier is given by: 

 FH
br = 166.2 kN 

FV
br= 

166.2 × 3.639 

30 × 2
=20.16 kN 

Wind load (from superstructure) 

Calculation is as done in bearing. 

FW
T = 383.985 kN 

FW
L = 95.996 kN 

FW
V = 465.597 kN 

Wind load (from substructure) 

Wind load in transverse direction  

FT
W = Pd A G CD = 940.6 × (2.5 × 8.69 + 2.65 × 1.5) × 2 × 0.5 = 24.173 kN  

Wind load in longitudinal direction (FL
W) = 0.25 × 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 × (4969.139+221.6) = 

778.6 kN 

Vertical reaction due to seismic load: 

In longitudinal direction Fୗ
  =  

745.371 × 1.4

30
= 34.784 𝑘𝑁  

In transverse direction Fୗ
  =  

778.6 × 1.4

30 × 2 
= 167.7 𝑘𝑁  

Seismic load (from sub-structure) 

Weight of pier cap rectangular part = (0.75+0.75) × 2.5 × 2.65 × 25 = 248.438 kN 

Weight of pier cap rectangular part cantilever = 0.75 × 2.65 × 2.75 × 25 × 2 = 

273.281 kN 
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Weight of pier cap triangular part = 0.5 × 2 × 0.75 × 2.65 × 2.75 × 25 = 136.64 kN 

Self-weight of pier stem = 𝜋 × ቀ
ଶ.ହ

ଶ
ቁ

ଶ

 × (8.69 – 1.5) × 25 = 882.346 kN 

Seismic load due to self-weight of pier cap rectangular part in longitudinal and 

transverse direction = 248.438 × 0.150 = 37.265 kN 

Seismic load due to self-weight of pier cap rectangular part cantilever in 

longitudinal and transverse direction = 273.28 × 0.150 = 40.99 kN 

Seismic load due to self-weight of pier cap triangular part cantilever in 

longitudinal and transverse direction = 136.64 × 0.150 = 20.496 kN 

Seismic load due to self-weight of pier stem in longitudinal and transverse 

direction = 882.346 × 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 = 𝑃×𝐴  

P = 52KV2   where K = 0.66 for circular pier. 

V = 4.947 m/s 

Existing direction of flow angle with pier axis in river θ = 0° (form topo map) 

 

 

 

 

Now as per clause 210.5, Design angle is 𝛼 = 𝜃 ± 20°  

For transverse direction 𝛼𝑇 = 20°−0° = 20°  

For longitudinal direction 𝛼𝐿 = 20°+0° = 20°  

And, Area A = (614.69 - 608) × 2.5 = 16.725 m2 

0o 
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∴Fwc 
T = 52 × 0.66 × (7.891 × cos20)ଶ × 16.725 × 9.81/1000 = 121.695 kN  

∴Fwc 
L =52 × 0.66 × (7.891 × sin20)ଶ × 16.725 × 9.81/1000 = 16.12 kN 

Load due to Hydrodynamic Force 

𝐹T
hyd = 𝐹L

hyd = αCW  

C = 0.730 (from table 9.10 Swami Saran’s design of substructure) 

Weight of water in enveloping cylinder W = 𝜋 × 
ଶ.ହమ

ସ
 × 6.69 × 9.81 = 322.155 kN 

For this R =4, then 𝛼 = 
Z

2
 × 

I

R
 × 

S

g
 = 0.15 

FT
hyd = FL

hyd= 0.150 × 0.730 × 322.155 = 35.276 kN 

 

Load due to buoyancy 

Fbuoy = Vsubmerged × γw 

Fbuoy= 0.25 × 𝜋 × 2.52 × 6.69 × 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)  

Vmax = (1.35DL+1.75WC+1.5LL+1.5F
+1.15Fୠ୰

 )from end girder  * 1/3 +1.35DLp 

Vmax = (6238.088+1.5×1038.254+1.5×465.597+1.15×20.16) ×1/3 

                                                                   +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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Mmax = (1.35DL+1.75WC+1.5LL+1.5F
+1.15Fୠ୰

 )from end girder × 1/3 * 2.142 

+1.35DLp × (Lever arm) 

Mmax = (6238.088+1.5×1038.254+1.5×465.597+1.15×20.16) ×1/3×2.142 

+1.35×2.892×2.65× (1.5+0.75)/2×25 × 1.285 

Mmax = 6933.034 kN-m  

Material properties 

o) Concrete used: M30 (IRC 112-2020 Table 6.4) 

p) Characteristic strength, fck= 30 N/mm2 

q) Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

r) 𝛼 = 0.67  

s) 𝛾𝑚 = 1.5     

t) Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

u) Steel used: Fe500 

v) Yield Strength of Steel, fyk=500N/mm2 

w) Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

x) Young’s Modulus of Elasticity, Es = 2×105N/mm2 

y) Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

z) Area factor (β1) = 0.810 

aa) CG factor(β2) = 0.416 

bb) Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 

 

Design of Section using LSM: 

  Calculation of Limiting Moment 

  Xlim = 
கೠ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଵସସସ

.ଷହା.ଶଵ଼
 = 890.573 mm 

Compressive force (C) = β1 × Fcd × b × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଶହ × ଼ଽ.ହଷ

ଵ
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= 25562.242 kN 

CG from steel level (z) = d- β2 × Xlim = 1444 – 0.416 × 890.573 

= 1073.548 mm  

Mu, lim = C × z = 25562.242 × 
ଵଷ.ହସ଼ 

ଵ
 = 27442.306 kNm 

Since, Mu, lim is less than factor bending moment assumed depth is satisfied. 

Design of main reinforcement 

Design Bending Moment, MEd = 6933.034 kNm 

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

To find the actual neutral axis depth corresponding to MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଵସସସ

ଶ×.ସଵ
− ටቀ

ଵସସସ

ଶ×.ସଵ
ቁ

ଶ

−
ଽଷଷ.ଷସ×ଵల

.଼ଵ×.ସଵ×ଶହ×ଵଷ.ସ
 

 Xu = 176.218 mm 

Since Xu<Df, NA lies in flange. 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (1444 – 0.416 × 176.218) = 1370.698 mm 

Ast = 
ଽଷଷ.ଷସ×ଵల

ସଷସ.଼ଷ ×ଵଷ.ଽ଼ 
 = 11633.470 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.248 mm2 

Spacing required = 
ୠ∗

౩౪
=

ଶହ∗଼ସ.ଶସ଼

ଵଵଷଷ.ସ
 = 183.200 mm2 

Provide 32 mm dia bars @150 mm spacing = 14208.376mm2 

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 


ೖ
  btd but not less than 0.0013 btd 

Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 2650×1444 but not less than 0.0013×2650×1444 
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=4974.58 mm2 but not less than 4974.58 mm2 

= 4974.58 mm2 

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 Ac 

As, max = 0.025× [2650×1444] = 3975000 mm2 

Ast, provided < As, max, OK 

Design Of Shear Reinforcement 

Design shear force, VEd =3338.463 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)= (d – β2 × Xu) = (1444 – 0.416 × 176.218) = 1370.698 mm 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 

∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 2650 × 1370.698 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =13169.259 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED=3338.463 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =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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  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଵସସ
 

     =1.372 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.3723/2×301/2 

          =0.273 

σcp = 0 

 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.037 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.02 

 
∴VRd.c = [0.12×1.372× (80 × 0.02 × 30).ଷଷ] ×2650×1444 

           =1296.823 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.273+0.15× 0) × 2650× 1444 

                  =1044.343 kN 

 
Maximum of VRd.c & VRd.c, min=1296.823 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =3338.463 kN 

∴Since VEd> VRd.c, shear reinforcement design is required 
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Design of Shear Reinforcement           IRC 112:2020 Cl 10.3.3.1.-4 

By equating VNS and, 𝑉ோௗ,௫ we get 

∴ 𝜃 =
ୱ୧୬షభ൬

మೇಶ
ೌೢ್ೈೋೇభ

൰

ଶ
  

        =
ୱ୧୬షభቀ

మ×యయయఴ.రలయ×భబబబ

భ×మలఱబ×భయళబ.లవఴ×బ.ఱరమ×బ.రరల×యబ
ቁ

ଶ
  

       = 7.276⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪


× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 2-legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

ଷଷଷ଼.ସଷ×ଵయ × 1370.698 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =100.95 mm 

∴ Provide spacing = 90 mm 
 

check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଶ.ଵଽହ

ଽ×ଶହ
=0.0095 

 
Minimum shear reinforcement ratio: 

 

∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

 
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) 

 

 

Therefore, Design Axial Force (Pu) = 10883 kN. 

             Design Horizontal Force (H) = √357.2ଶ + 489ଶ = 606 kN. 

       Design Bending Moment (Mu) = √3705.33ଶ + 5564ଶ = 6684.5 kN. 

                 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 =
ெ௨

ு
=

଼ସ.ହ


= 11.037 𝑚 

            

Load(kN) 
Load  
Factor 

Eccentricity 
(m) 

Leve
r 
 

Arm 
(m) 

Design Force(kN or kN-m) 

ex ey Pu Hx Hy Muy Mux 

DLSS 4474.1 1.35       6040.1         

DLWC 495.00 1.75     866.25         

FhBr 166.20 1.5     9.19   249.3   2291.0   
FvBr 20.16 1.5       30.24         

FLWsup 96.00 0.9     9.19   86.40   793.99   

FTWsup 383.99 0.9     9.19     345.5   3175.9 

FVWsup 465.60 0.9       419.04         

FLWsub 6.04 0.9     4.99   5.44   27.12   

FTWsub 24.17 0.9     5.06     21.75   110.00 

FLWC 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         

Fbuoy 322.16 0.15       -48.32         
Total without Live Load 9387.2 357.2 489.0 3184.0 3828.7 
Live Load 
LL Pu 997.02 1.5       1495.5         
LL ML 868.76 1.5 0.4           521.26   
LL MT 997.02 1.5   1.16           1738.8 

Total With Live Load       10883 357.2 489.0 
3705.3

3 5564 
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1. Basic combination 2 (Wind load as leading load and live load as 
accompanying load) 
 

 
 

 

Therefore, Design Axial Force (Pu) = 10806 kN. 

             Design Horizontal Force (H) = √360.3ଶ + 733.9ଶ = 818 kN. 

       Design Bending Moment (Mu) = √3597ଶ + 7349.4ଶ  = 8182.2 kN.     

                     Eccentricity =  
Mu

H
=  

8182.2

818
=  10.007 m 

  

Load 
(kN) 

Load factor 

Eccentricity 
(m 

Lever 
 Arm 
(m) 

Design Force(kN or kN-m) 

ex ey Pu Hx Hy Muy Mux 

DLSS 4474.1 1.35       6040.1         
DLWC 495 1.75       866.25         
FhBr 166.2 1.15     9.19   191.1   1756   
FvBr 20.16 1.15       23.184         

FLWsup 95.996 1.5     9.19   144   1323   

FTWsup 383.99 1.5     9.19     576   5293.2 

FVWsup 465.6 1.5       698.4         

FLWsub 6.0434 1.5     4.986   9.065   45.2   

FTWsub 24.173 1.5     5.056     36.26   183.33 
FLwc 16.121 1     4.46   16.12   71.9   
FTwc 121.69 1     4.46     121.7   542.76 

Wpier 1540.7 1.35       2080         
Fbuoy 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 
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2. Seismic Combination 1 (Longitudinal Seismic force maximum). 
 

   

Therefore, Design Axial Force (Pu) = 9170.49 kN. 

             Design Horizontal Force (H) = √1514.1ଶ + 576.1ଶ = 1620 kN. 

                  Design Bending Moment (Mu) =  √12627ଶ + 4565.6ଶ = 13427 kN.     

                    Eccentricity =  
𝑀𝑢

𝐻
=  

13427

1620
=  8.289 m. 

Load 
(kN) 

Load  
factor 

Eccentricity Lever 
 Arm 
(m) 

Design Force 

ex ey Pu Hx Hy Muy Mux 
DLSS 4474.14 1.35       6040.09         
DLWC 495.00 1.75       866.25         
FhBr 166.20 0.2     9.19   33.24   305.5   
FvBr 20.16 0.2       4.03201         

i.Longitudinal Seismic force on substructure. 
FLsrect1 37.27 1.5     7.94   55.90   443.8   
FLsrect2 40.99 1.5     8.315   61.49   511.3   
FLstria 20.50 1.5     7.69   30.74   236.4   
FLsstem 132.35 1.5     3.595   198.53   713.7   

ii.Transverse seismic force on substructure. 
Ftsrect1 11.18 1.5     7.9     16.77   133.2 
Ftsrect2 12.30 1.5     8.3     18.45   153.4 
Ftstria 6.15 1.5     7.7     9.22   70.9 
Ftsstem 39.71 1.5     3.6     59.56   214.1 

                      
FLssup 745.37 1.5     9.2   1118.1   10275   
FTssup 233.58 1.5     9.2     350.4   3219.9 
Fvssup 155.72 1.5       233.58         
Fvssup 46.22 1.5       69.33         
FLwc 16.12 1     4.46   16.121   71.9   
FTwc 121.69 1     4.46     121.7   542.76 
Wpier 1540.71 1.35       2079.95         
Fbuoy 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         
LL ML 868.76 0.2 0.4           69.5   
LL MT 997.024 0.2   1.16           231.31 

                      
Total with Live Load 9170.49 1514.1 576.1 12627 4565.6 
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3. Seismic combination 2 ( Transverse seismic force maximum) 

 

Therefore, Design Axial Force (Pu) = 9170.5 kN. 

             Design Horizontal Force (H) = √489ଶ + 1636ଶ = 1708 kN. 

                  Design Bending Moment (Mu) = √4101ଶ + 11951ଶ = 12635 kN.     

                     Eccentricity =  
𝑀𝑢

𝐻
=  

12635

1708
=  7.398 m. 

Load 
(m) 

Load factor 
Eccentricity 

(m) 
Lever 
Arm 
(m) 

Design Force(kN or kN-m) 

ex ey Pu Hx Hy Muy Mux 
DLSS 4474.1 1.35       6040.1         
DLWC 495 1.75       866.25         
FhBr 166.2 0.2     9.19   33.2   305   
FvBr 20.16 0.2       4.032         

i.Seismic L Sub 
FLsrect1 11.18 1.5     7.94   16.77   133   
FLsrect2 12.30 1.5     8.32   18.45   153   
FLstria 6.15 1.5     7.69   9.22   70.9   
FLsstem 39.71 1.5     3.6   59.56   214   

ii.Seismic T sub 
Ftsrect1 37.27 1.5     7.94     55.9   443.8 
Ftsrect2 40.99 1.5     8.32     61.5     
Ftstria 20.50 1.5     7.69     30.7     
Ftsstem 132.35 1.5     3.6     199     

                      
FLssup 223.61 1.5     9.19   335   3082   
FTssup 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   
FTwc 121.69 1     4.46     122   542.8 
Wpier 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         
LL ML 868.76 0.2 0.4           69.5   
LL MT 997.02 0.2   1.16           231.3 

                      
Total with Live Load 9170.5 489 1636 4101 11951 
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4. Seismic combination 3 ( Vertical Seismic force maximum) 

Load 
(m) 

Load factor 

Eccentricit
y 

(m) 

Leve
r  

Arm 
(m) 

Design Force(kN or kN-m) 

ex ey Pu Hx Hy Muy Mux 

DLSS 4474.1 
1.3
5       

6040.
1         

DLWC 495 
1.7
5       

866.2
5         

FhBr 166.2 0.2     9.19   33.2   305   
FvBr 20.16 0.2       4.032         

i.Seismic L Sub 

FLsrect1 11.18 1.5     7.94   16.8   133   

FLsrect2 12.298 1.5     8.32   18.4   153   

FLstria 6.1488 1.5     7.69   9.22   70.9   

FLsstem 39.706 1.5     3.6   59.6   214   
ii.Seismic T sub 

Ftsrect1 11.18 1.5     7.94     16.8   133.2 

Ftsrect2 12.298 1.5     8.32     18.4   153.4 

Ftstria 6.1488 1.5     7.69     9.22   70.93 

Ftsstem 39.706 1.5     3.6     59.6   214.1 

FLssup 223.61 1.5     9.19   335   3082   

FTssup 233.583 1.5     9.19     350   3220 

Fvssup 519.07 1.5       
778.6

1         

Fvssup 154.07 1.5       
231.1

1         

FLwc 16.121 1     4.46   16.1   71.9   

FTwc 121.69 1     4.46     122   542.8 

Wpier 1540.7 
1.3
5       2080         

Fbuoy 322.16 1       
-

322.2         
                      

Total without dead load 
9677.

9 489 576 4031 4334 
Live Load 
LLmaxP

u 997.02 0.2       199.4         

LL ML 868.76 0.2 0.4           69.5   

LL MT 997.02 0.2   1.16           231.3 

Total with Live Load 
9877.

3 489 576 4101 4566 
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Therefore, Design Axial Force (Pu) = 9877.3 kN. 

             Design Horizontal Force (H) = √489ଶ + 576ଶ = 755 kN. 

                  Design Bending Moment (Mu) = √4101ଶ + 4566ଶ = 6136.9 kNm.    

                     Eccentricity =  
𝑀𝑢

𝐻
=  

6136.9

755
= 8.123 m. 

 

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 

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. 

Combinatio
n 

Pu 
(kN) 

Hr 
(kN) 

Mur 
(kN-
m) 

Eccentricit
y 

(m) 
Pu/fckD2 

Mu/fckD
3 

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 

 Slenderness Ratio 

Slenderness Ratio =
KL

D
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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) 

Slenderness Ratio =
1.3 × 8.69

2.5
= 4.51 < 12  

Hence Pier stem can be designed as a short column. 

 Calculation of minimum eccentricity 

From Is 456 Clause 24.4. 

e =
l

300
+

D

30
=

86900

500
+

2500

30
= 100.71 mm > 20 mm  

, so eccentricity produced due to the moment needs to be consider. 

Also, 0.05D = 0.05 × 2500 = 125 mm  >  e. 

 

 Calculation of longitudinal reinforcement. 

dᇱ

D
=

91

2500
= 0.0364 

≅ 0.05 

Refer Chart 59 of Sp 16 ( IS 456). 

P୳

fୡ୩Dଶ
=

9170500

30 × 2500ଶ
= 0.049 

M୳

fୡ୩ × Dଷ
=

13427 × 10

30 × 2500ଷ
= 0.028 

From above value and using chart 59 of SP 16 (IS 456) 

p

fck
= 0.02  

Therefore Percentage of reinforcement required, 

%p = 0.0240 = 0.6% < 0.8% (minimum) 

So provide %p = 0.8% 

Area of reinforcement required (Asc) =
0.8

100
∗ 3.14 ∗

2500

4
= 39269.9 

No of 32 mm dia bar required =
39269.9

804.24
= 48.82 

Hence provide 60 numbers of bars. 

Spacing of bars = 3.14 ∗
ଶଷଵ଼


= 121.30 mm. 

Area of reinforcement provided = 48254.86 mm. 
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 Calculation of transverse reinforcement. 

 

τuv =
4 ∗ 1708

3.14 ∗ 2500ଶ
= 0.348  

 
              τcmax = 3.5 N/mm2 > 0.348 N/mm2 

              For p =0.8% and M30 concrete, form IS 456 table 19, 𝜏𝑐 = 0.59 N/mm2 > 
𝜏uv 

                 Design Shear Force VED = 1708 kN 

   From IRC 112 10.3.2 

     VR.D.C=[0.12*K*(80*ρ1*fck)0.33+0.15σcp]*Anet = 2850.479 kN 

     NED = 10882.78 kN 

            K = 1 + ට
ଶ

ௗ
   =  1.006 < 2 

                  σୡ୮ =
Nୈ

Aେ
=

10882.78

4908739
= 2.21 < 0.2𝑓𝑐𝑑 

 
    Vmin = 0.031K3/2 f ck ½ 

    Vmin =0.031*1.0063/2*301/2 = 0.171 

    VRDC,min = (vmin + 0.15 σ cp) bwd 

                             = (0.171 + 0.15*2.21)* 4220042  

       = 2127.338 kN 

    Vrdc = Maximum of 2850.479 and 2127.338 kN 

            = 2850.479 kN 

               Hence Vrdc > 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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                  Asv = 4 ∗ 3.14 ∗
10ଶ

4
= 314.16 mmଶ 

     Spacing of ties 

                  i) ≤ 16 × 32 = 512 mm 

                ii) ≤ 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 

   

  
C1  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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0 0 1 0 1 
 

 
 
 

 
 

 
 
 
Design Loads Case 1 

  

  
Vloads Hz My Hy Mz 

DL 4474.1 0.0 0.0 0.0 0.0 
Surface 495.0 0.0 0.0 0.0 0.0 

Both span live 
load 997.0 0.0 0.0 0.0 1156.5 

0.0 0.0 0.0 0.0 0.0 
self load 1540.7 0.0 0.0 0.0 0.0 
braking 20.2 166.2 1527.4 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 
Water 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 0.0 0.0 
7527.0 182.3 1599.3 121.7 1699.3 

 
 
 
 

Case 2 Vloads Hz My Hy Mz 
DL 4474.1 0.0 0.0 0.0 0.0 

Surface 495.0 0.0 0.0 0.0 0.0 
Both span live 

load 997.0 0.0 0.0 0.0 1156.5 

 
0.0 0.0 0.0 0.0 0.0 

self load 1540.7 0.0 0.0 0.0 0.0 
braking 20.2 166.2 1527.4 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 

Water current 0.0 16.1 71.9 0.0 0.0 

 
0.0 0.0 0.0 121.7 542.8 

seismic 201.9 976.5 8120.1 0.0 0.0 

 
0.0 0.0 0.0 302.9 2527.7 

7729.0 1158.8 9719.4 424.6 4227.0 

       
 
       

Case 3 Vloads Hz My Hy Mz 
DL 4474.1 0.0 0.0 0.0 0.0 

Surface 495.0 0.0 0.0 0.0 0.0 
Both span live 

load 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 



220 
 
 

 

self load 1540.7 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 
Water current 0.0 16.1 71.9 0.0 0.0 

0.0 0.0 0.0 121.7 542.8 
seismic 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 3070.4 

 
       

Summary P Hz My Hy Mz 
Case 1 7527.0 182.3 1599.3 121.7 1699.3 
Case 2 7729.0 1158.8 9719.4 424.6 4227.0 
Case 3 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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                        Fig: arrangement of piles 

 

 

 

 

 

 

 

 

 

piles N y z y2 z2 

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 

           = 8.8 * 9.6 * 1.8 * 25  

           = 3484.8 kN 

Additional load on piles = Area * length * unit weight of concrete * No of piles  

       =  𝜋 ∗
ଵ.ଶమ

ସ
 * 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

𝐭𝐨𝐭𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐩𝐢𝐥𝐞𝐬
+ 𝐌𝐲

∗
𝒛

∑𝒛𝟐
 

  

𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝 =
𝐇𝐨𝐫𝐢𝐳𝐨𝐧𝐭𝐚𝐥 𝐥𝐨𝐚𝐝  𝐟𝐫𝐨𝐦 𝐩𝐢𝐥𝐞

𝐭𝐨𝐭𝐚𝐥 𝐧𝐨. 𝐨𝐟 𝐩𝐢𝐥𝐞𝐬
 

                              

        

 

 

Load distribution on piles 
Case 1 

      

 
Axial Hz 

Due 
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 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 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 MZ 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 
7 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 MZ Total 

1 1783.3 110.3 379.3 47.2 -195.7 1966.8 
2 1783.3 110.3 379.3 47.2 0.0 2162.5 
3 1783.3 110.3 379.3 47.2 195.7 2358.2 
4 1783.3 110.3 0.0 47.2 -195.7 1587.6 
5 1783.3 110.3 0.0 47.2 0.0 1783.3 
6 1783.3 110.3 0.0 47.2 195.7 1979.0 
7 1783.3 110.3 -379.3 47.2 -195.7 1208.3 
8 1783.3 110.3 -379.3 47.2 0.0 1404.0 
9 1783.3 110.3 -379.3 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 2541.9 137.13 

 
Case 3 2358.2 119.96 

  

 

 

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 (𝜂) for very loose sand = 5000 kN/m3 

Moment of inertia of pile  x − section =
1

4
∗ π ∗ ൬

D

2
൰

ସ

  

                                                   =0.102 m4 

Young’s modulus of pile material (E) = 5000 * (fck)1/2*1000 

                                                             =27386128 N/mm2  
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Stiffness Factor(T)  =  ൬
𝐸𝐼

𝜂
൰

ଵ
ହ

 = 3.478 𝑚  

2T = 2 * 3.54 = 6.96 m  

4T = 4 * 3.54 = 13.91 m  

Scour depth (e) = 15.39 m  

𝑆𝑐𝑜𝑢𝑟 𝑑𝑒𝑝𝑡ℎ (𝑒)

𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝐹𝑎𝑐𝑡𝑜𝑟(𝑇)
 =

 15.39

3.478
=  4.42 𝑚 

 

 

From graph,  

Depth of point of fixity (Z)

stiffness factor(T)
= 1.87 

Zf = 3.54 * 1.89 = 6.50 m 

For Fixed Head moment  

Deflection(y) =
H(e + z)

ଷ

12EI
∗ 10ଷ 

Fixed End Moment(M) =
H(e + z)

2
 

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 (γ) = 20kN/m3 

active earth pressure coefficient (ka) = 0.334  

angle of friction between pile and soil (δ) = 29.94°  

Frictional coefficient =tan (δ ∗
గ

ଵ଼
)  = 0.576 

Cross sectional area of pile tip (Ap) = 𝜋 ∗
ୈమ

ସ
 = 1.13 m2 

Surface area of pile shaft (As) = π ∗ D ∗ L = 86.71 m2 

 

Assuming skin friction is applied before end bearing  

 Overburden 
pressure 

Force  
Level 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 
18.5 370.00 688.0 396.3 
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 
22.5 450.00 838.8 483.1 
23.0 460.00 857.7 494.0 
  Total Skin Friction = 4076.6 
    

 

 

 

In the above table, following formulas are used : 

Overburden pressure = Ka*𝛾*level 

Force = Average of Overburden pressure * 𝜋 * 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 (Ki)= 1 

angle of friction between pile and soil (δ) = 29.94°  

Frictional coefficient =tan (δ ∗
గ

ଵ଼
)  = 0.576 

Effective overburden pressure at pile tip (Pd) = (L-e)*Ki* 𝛾 = 152.2kN/m2 

Note: end bearing must be taken upto 15 times diameter of pile for greater depth 

Angle of internal friction, 𝜙 at pile tip (Nq) = 20 

 Bearing capacity factor (𝑁ఊ) = 20 

Cross sectional area of pile tip (Ap) = 𝜋 ∗
ୈమ

ସ
 = 1.13 m2 

Pile diameter (D) = 1.2 m 

Total end bearing =  Ap * (0.5 * D * 𝛾* 𝑁ఊ + Pd * Nq )  

                          = 3714.12 kN  

   FoS = 2.5 

   Ultimate Load Capacity (Qu) =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑑 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 + 𝑇𝑜𝑡𝑎𝑙 𝑠𝑘𝑖𝑛 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛

𝐹𝑜𝑆
      

=
4076.6 + 3714.12

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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Case 2 
    DL 6040.1 0.0 0.0 0.0 0.0 

Surface 866.3 0.0 0.0 0.0 0.0 
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 27.2 224.4 2062.0 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 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 

 

 

 

 

  

Case 3 
DL 6040.1 0.0 0.0 0.0 0.0 

Surface 866.3 0.0 0.0 0.0 0.0 

0 0 0 0 0 
Self-
Load 2080 0 0 0 0 

Braking 27 224 2062 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 0 0 0 0 0 
0 0 0 0 0 

Total 10509 240 2134 122 2278 
      



230 
 
 

 

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 

           = 8.8 * 9.6 * 1.8 * 25  

           = 3484.8 kN 

Additional load on piles = Area * length * unit weight of concrete * No of piles  

       =  𝜋 ∗
ଵ.ଶమ

ସ
 * 23 * 25 * 9 

         = 5852.78 kN 

 

Factored total load = 12605.7426 kN 

Effective square length of pier = ට
గ∗ଶ.ହమ

ସ
 =2.216 m 
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Width of the Slab (at edge over heavily loaded piles)= 
଼.଼

ଶ
−

ଶ.ଶଵ

ଶ
= 3.292 m 

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 
 

Material properties 

 Concrete used: M30 (IRC 112-2020 Table 6.4) 

 Characteristic strength, fck= 30 N/mm2 

 Design compressive strength of concrete, fcd=
ఈ×

ఊ
 [IRC:112-2020 clause 

6.4.2.8] 

 𝛼 = 0.67  

 𝛾𝑚 = 1.5     

 Design compressive strength of concrete, fcd= 
.×

ଵ.ହ
=

.∗ଷ

ଵ.ହ
 = 13.40 

N/mm2 

 Steel used: Fe500 

 Yield Strength of Steel, fyk=500N/mm2 

 Design yield strength of steel, fyd= fyk/1.15= 0.87fy = 434.783 N/mm2 

 Young’s Modulus of Elasticity, Es = 2×105N/mm2 

 Yield strain for steel (εyd) = 
୷ୢ

ୱ
=

.଼∗୷

ୱ
=

.଼∗ହ

ଶ
 = 0.0218 

 Area factor (β1) = 0.810 

 CG factor(β2) = 0.416 

 Limiting strain on extreme compressed fiber of concrete(εcu2) = 0.0035 

 

 

Calculation of Limiting Moment 

  Xlim = 
கೠమ

கೠమାக
d [SP 105] 

        =
.ଷହ∗ଵ

.ଷହା.ଶଵ଼
 = 1048.7 mm 
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Compressive force (C) = β1 × Fcd × b × Xlim  

= 
.଼ଵ × ଵଷ.ସ × ଼଼× ଵସ଼.

ଵ
 

= 100103.5 kN 

CG from steel level (z) = d- β2 × Xlim = 1700– 0.416 × 1048.7 

= 1263.8 mm  

Mu, lim = C × z = 37450.3× 
ଵଶଷ.଼

ଵ
 = 105424.8 kNm 

Since, Mu, lim is less than factor bending moment assumed depth is satisfied. 

Design of main reinforcement 

Design Bending Moment, MEd = 19990 kNm 

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

To find the actual neutral axis depth corresponding to MEd 

 MEd = β1 × fcd × beff × Xu × (d – β2 × Xu) 

This, by solving becomes, 

 Xu = 
ୢ

ଶ×ஒమ
− ටቀ

ୢ

ଶ×ஒమ
ቁ

ଶ

−
ుౚ

ஒభ×ஒమ×ୠ×ౙౚ
 

 Xu = 
ଵ

ଶ×.ସଵ
− ටቀ

ଵ

ଶ×.ସଵ
ቁ

ଶ

−
ଵଽଽଽ×ଵల

.଼ଵ×.ସଵ×଼଼×ଵଷ.ସ
 

 Xu = 153.6 mm 

Area of tension reinforcement 

Ast = 
ெಶ

×
  with z = (d – β2 × Xu) = (1700 – 0.416 × 153.6) = 1636.1024 mm 

Ast = 
ଵଽଽଽ×ଵల

ସଷସ.଼ଷ ×ଵଷ.ଵଶସ 
 = 28101.5 mm2 

Provide 32 mm diameter bar. 

Cross sectional area of each bar (A) = 804.25 mm2 

Spacing required = 
ୠ∗

౩౪
=

଼଼∗଼ସ.ଶହ

ଶ଼ଵଵ.ହ
 = 251.84 mm2 

Provide 32mm dia bars @200  mm spacing = 35386.9 mm2 

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 


ೖ
  btd but not less than 0.0013 btd 
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Here, For M30 

fctm = 2.5 [Table 6.5 of IRC: 112: 2020] 

As, min = 0.26× 
ଶ.ହ

ହ
 × 3292×1700 but not less than 0.0013×3292×1700 

=7275 mm2 but not less than 7275mm2 

= 7275mm2 

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 Ac 

As, max = 0.025× [1700×3292] = 139910 mm2 

Ast, provided < As, max, OK 

Horizontal reinforcement = 0.001 Ac = 0.001*1800*3292 = 5925.989 mm2 

Using 16mm bars with area 201 mm2  

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 >250mm2 per m  

Provide 12 mm dia bar @ 200mm c/c   

Area provided Ast = 1000/200 × 𝜋 × 62 =  565.48 mm2 > 250 mm2 (ok) 

 Check For Punching Shear 

Ast provided  =  4021.2 mm2 
Therefore, ρ1= 4021.2/(1700*1000*1000) 
         = 0.002365 % 

Fck  = 30 Mpa 
Effective depth of pile cap(d) = 1.7 m. 
Diameter of pile(D) = 1.2 m. 
Edge projection = 0.2 m. 

Radius of control perimeter =
D

2
+ 2𝑑 = 4 𝑚. 

   For Internal Pile 

 Perimeter (ui) = 2*3.14*4 = 25.13 m 
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 Eccentricity(e) = 1357.93/3123.6 = 0.435 m. 

 𝛽 = 1 + 0.6𝜋 ቀ


ାସ
ቁ = 1.102. 

 Vୈ =  𝛽 ∗
ଷଵଶଷ.

୳
∗

ௗ

ଵ
= 0.233 N/mm2 

 K = 1 + ቀ
ଶ

ୢ
ቁ

.ହ

= 1.34 < 2 

  𝑣 = 0.031 ∗ 𝐾
య

మ ∗ 𝑓

భ

మ = 0.117 𝑁/𝑚𝑚ଶ 

 Vrdc = 0.286 N/mm2  

 Hence VED <  Vrdc Hence ok 

 For Corner Pile 

 Angle for corner pile = 1.9735 radians. 

 U1  = 7.894 m. 

 U2  = 6.283 m. 

 𝛽 = 1 + 𝑘(
ெಶವ

ಶವ
∗

௨భ

ௐభ
)= 1.065  

 VED = 0.264 

 K=1.34 

 Vmin = 0.117 N/mm2  

 Vrdc = 0.286 N/mm2 > VED (ok) 

DESIGN OF SHEAR REINFORCEMENT 

Design shear force, VEd =8021 KN 

Maximum Allowable Shear Force (for maximum shear force take Ɵ = 45⁰) 

 𝑉ோௗ.௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
         [IRC:112-2011, cl. no. 10.3.3.2, Eq10.8] 

 

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

𝑎௪=1 for σcp=0 (RCC) 

Lever Arm(z)=0.9d 

   =0.9×1.7= 1.53 

𝑣ଵ = 0.6 ቀ1 −
ೖ

ଷଵ
ቁ  is the strength reduction factor  

𝑓ௗ = 0.446𝑓  

θ=45⁰ 

Now, 
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∴ 𝑉ோௗ,௫ = 𝑎௪𝑏௪𝑧𝑣ଵ


ୡ୭୲ ఏା୲ୟ୬ ఏ
  

                   = 1 × 8800 × 1530 × 0.6 ቀ1 −
ଷ

ଷଵ
ቁ ×

.ସସೖ

ୡ୭୲ ସହା୲ୟ୬ ସହ
  

                 =48814.383 kN 

And, 

VRds=VNS=VED+Vccd+Vtd= VED = 8021 kN  

Here, 

For uniform cross section: Vccd=Vtd=0 

VRds =The design value of the shear force  

VNS =Net Design Shear Force = Algebraic sum of VED, Vccd and Vtd  

Vccd =Design value of the shear component of the force in the 

compression area, in the case of an inclined compression chord 

  Vtd =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.c is 
given by: 
𝑉ோௗ. = ൣ0.12𝐾(80𝜌ଵ𝑓).ଷଷ + 0.15𝜎൧𝑏௪𝑑               

𝑉ோௗ.  = ൫𝑣 + 0.15𝜎൯𝑏௪𝑑               
 

K =1+ට
ଶ

ௗ
 ≤2 

     =1+ට
ଶ

ଵ
 

     =1.34 
  𝑉 = 0.031K3/2fck1/2 

          =0.031×1.343/2×301/2 

          =0.263 

σcp = 0 

𝜌1 =
౩౪

ୠ౭.ୢ
= 0.0024 ≤ 0.02- Reinforcement ratio for longitudinal reinforcement 

        
∴ 𝜌1=0.0024 
∴VRd.c = [0.12×1.34× (80 × 0.0024 × 30).ଷଷ] ×8800×1700 
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           =4276 kN 

 

And, VRd.c =(Vmin+0.15σcp) ×bwd 

                  = (0.263+0.15× 0) × 8800× 1700 

                  =3953.362 kN 

 
Maximum of VRd.c & VRd.c, min=4276 kN 

VEd =The design shear force at a cross-section resulting from external loading 

       =8021 

∴Since VEd> VRd.c, shear reinforcement design is required 

 

CALCULATION OF SHEAR REINFORCEMENT  IRC 112:2020 Cl 10.3.3.1.-4 

By equating VNS and , 𝑉ோௗ,௫ we get 

∴ 𝜃 =
sinିଵ ൬

2𝑉ாௗ

𝑎௪𝑏ௐ𝑍𝑉ଵ𝑓ௗ
൰

2
 

        =
sinିଵ ቀ

2 × 8021 × 1000
1 × 880 × 1530 × 0.542 × 0.446 × 30

ቁ

2
 

       = 4.686⁰ 
 
∴As per the code 21.8⁰≤θ≤45⁰ 

  Adopt θ=21.8⁰ 

∴VRds=VNS=VED= 
௦௪

௦
× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

` 

S=
௦௪


× 𝑧 × 𝑓𝑦𝑤𝑑 × 𝑐𝑜𝑡𝜃 

Provide 26 legged 12 mm stirrups 
 

∴Fywd=500/1.15=434.78 N/mm2 

∴S   = 
ଶ∗ଵଵଷ.ଽ

଼ଶଵ×ଵయ × 1530 × 434.78 × 𝑐𝑜𝑡21.8⁰ 

   =609.72mm 

 
∴ Provide spacing = 350mm 

 
check 

Shear reinforcement ratio ρw=
ೞೢ

௦×ೢ
=

ଶଽସ.ହଷଵ

ଷହ×଼଼
=0.00095 

 
Minimum shear reinforcement ratio: 
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∴ρmin = 
.ଶ×√ୡ୩

௬
=

.ଶ×√ଷ

ହ
=0.00079 Since, ρw> ρmin, (ok) 

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. 

Zf=6.5 m 

Eccentriity = Deflected length = Zf+e =21.89 m. 

Design Steps 

 

 Calculation of longitudinal reinforcement. 

dᇱ

D
=

87.5

1200
= 0.072 

≅ 0.1 

Refer Chart 60 of Sp 16 ( IS 456). 

P୳

fୡ୩Dଶ
=

3123610

30 × 1200ଶ
= 0.072 

M୳

fୡ୩ × Dଷ
=

2079370 × 10

30 × 1200ଷ
= 0.040 
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From above value and using chart 60 of SP 16 (IS 456) 

p

fck
= 0.03 

Therefore Percentage of reinforcement required, 

%p = 0.03*39 = 0.9% < 0.8% (minimum) 

So provide %p = 0.9% 

Area of reinforcement required(Asc) =
0.9

100
∗ 3.14 ∗

1200

4
= 10178.62 

Area of 25 mm diameter bars = 490.87 

No of 25 mm dia bar required =
10178.62

490.62
= 20.736 

Hence provide 22 numbers of 25 diameter bars. 

Spacing of bars = 3.14 ∗
ଵଶହ

ଶଶ
= 145.37 mm. 

Area of reinforcement provided =9017.14 mm. 

 Calculation of transverse reinforcement. 

τuv =
4 ∗ 189940

3.14 ∗ 1200ଶ
= 0.16 

           τcmax = 3.5 N/mm2 > 0.16 N/mm2 

           For p =0.9% and M30 concrete, form IS 456 table 19, 𝜏𝑐 = 0.59 N/mm>𝜏uv 

                 Design Shear Force VED = 189.94 kN 

   From IRC 112 10.3.2 

     VR.D.C=[0.12*K*(80*ρ1*fck)0.33+0.15σcp]*Anet = 606.05 kN 

     NED = 3123.61 kN 

            K= 1 + ට
ଶ

ௗ
   =  1.015 < 2 

                  σୡ୮ =
Nୈ

Aେ
=

3123.69 ∗ 10^3

1130973
= 2.76 > 0.2𝑓𝑐𝑑 

                                                                    =0.2*13.4=2.68 
    Vmin = 0.031K3/2 f ck ½ 

    Vmin =0.031*1.0153/2*301/2 = 0.173 

    VRDC,min = (vmin + 0.15 σ cp) bwd 

                             = (0.173 + 0.15*2.68)* 813927 

       = 468.66 

    Vrdc  = Maximum of 606.05 and 468.66 kN 

             = 606.05 kN 
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               Hence Vrdc > 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). 

                  Asv = 4 ∗ 3.14 ∗
8ଶ

4
= 200.96 𝑚𝑚ଶ 

     Spacing of ties 

                  i) ≤ 16 × 25 = 400 mm 

                ii) ≤ 300mm 

               iii) ≤ least lateral dimension of column = 1200mm 

              Adopt 4-legged 8mm dia. lateral ties @ 200 mm c/c. 
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