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1.0 INTRODUCTION 

M/s. Bengaluru Smart Infrastructure Limited, Bengaluru had entrusted us to carry 

Geotechnical investigation for the proposed Construction of  Elevated Corridors from sholay 

Circle to St. John Hospital Road on Hosur Road via Anepalya Junction and Adugodi 

Junction in Bengaluru Central and South City Corporation limits. The primary objective of 

this investigation is to establish the geotechnical condition at the site and to evaluate the 

allowable bearing pressure and other engineering design parameters through the various 

field and laboratory tests. This report consists of the details about the field and laboratory 

tests performed and the recommendations made based on the test results. 

 

2.0  SCOPE 

Field work comprising of drilling of seven boreholes conducting SPT tests, collection of 

samples started on  27.01.2026 and was completed on  29.01.2026. The primary objective of 

this investigation was to obtain information about the sub-surface conditions at the site and 

obtain net allowable bearing pressure for design of foundations. Fig A: shows the location of 

boreholes for the proposed construction site (Refer Annexure I). Details are summarized 

below:  

BH No. 
Reference 

Location 

Depth of 

explorations (m) 
Water Table, m 

BH-1  Koramangala 15.0 Nil 

BH-2 MG Road 15.0 Nil 

BH-3 Audugodi 15.0 Nil 

BH-1 

Audugodi to 

Sarjapura 

Road (Old) 

11.2 Nil 

BH-2 20.0 Nil 

BH-3 21.0 Nil 

BH-4 21.0 Nil 
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3.0  FIELD INVESTIGATION- RELEVANT DESCRIPTION 

3.1  Boring and Drilling   

The field investigation comprised of advancing 150mm boreholes using rotary drilling rig 

with bentonite mud circulation. Standard penetration test (SPT) was conducted at every 

1.50m intervals as per IS: 2131. The number of blows for 30cm penetration of split spoon 

sampler was recorded as N-values. The boreholes were terminated after drilling to their 

respective depth. The various sub-surface strata are presented in the respective bore charts. 

 

3.2  Standard Penetration Test (SPT) in boreholes   

Standard Penetration Test (SPT) to determine penetration resistance was conducted in the 

boreholes using the procedure described in IS: 2131.  In this method, driving bit is replaced 

by split spoon sampler (50.8 mm OD and 35 mm ID) and the sampler is driven by dropping 

 63.5 kg hammer on the top of the driving collar with a free fall of 75 cm.  The length of the 

sampler is 60 cm.  The sampler is first driven through 15 cm as “Seating Drive”. It is further 

driven through 30 cm. The number of blows required to drive the sampler for 30 cm beyond 

seating drive is termed as “Penetration Resistance, N”. Representative samples were 

collected using split spoon sampler. Where full 30cm penetration beyond seating drive was 

not possible, number of blows and corresponding penetration is mentioned in bore logs. 

Refer Annexure II for Bore logs. 

 

3.3  Sampling in boreholes 

In view of sandy Silt , representative samples were mainly collected from split spoon 

sampler used for conducting SPT at close intervals of 1.5m up to end of respective strata. 

Rock formations are usually drilled by tungsten carbide core bits, representative core 

samples are retained and collected by core barrel. 

 

3.4 Ground water table  

At time of investigations, subsequent to completion of borehole and after allowing water 

level to stabilize for minimum 24 hours, water table was not encountered at any depth below 

natural ground level during the time of investigation; however, a point to be noted is that, 

water levels are invariably subjected to seasonal fluctuations. 
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4.0  LABORATORY TESTS ON SAMPLES   

 Assessment of Geotechnical Properties - Samples from Boreholes  

The following Tests were carried out  

 Grain size analysis  

 Natural Moisture content  

 Atterberg’s Limits 

Test results are as shown in Annexure III 

 

5.0       SUB - SOIL PROFILE ANALYSIS  

5.1      Nature of Soil Stratification   

Based on detailed analysis, the soil conditions described is summarized for the entire project 

site as under  

Layer I: Soil Overburden  

The sub-soil stratification essentially comprises of sandy Silt/ silty formations with layer 

thickness of   6.0m to 10.5m. 

Layer II: Completely weathered rock (Soft Disintegrated rock) 

Occurs below layer I and comprises of ‘very dense’ complete to highly weathered rock (SPT 

‘N’ values consistently N >100 and Nil core recovery). In ‘in-situ’ conditions, stratum is 

considered ‘very dense/stiff’ /incompressible with very good bearing characteristics. In this 

layer sample recovery was limited and sufficient for visual classification only. 

Layer III- Rock formations 

This layer occurs below layer II. Based on the core recovery and rock Quality Designation 

rock may classified as Soft Rock formations given below.  

 

5.2       Sub-Soil stratification Description: 

BH 

No. 

 

Reference 

 

Explored 

Depth, m 

Thickness of layer in sequence (m) 

Layer – I Layer – II Layer -III 

 

Soil/CWR 

(N<100) 

CWR(N>100) 
Rock 

Formations 
Remarks 

BH-1 Koramangala 15.0 0.0 to 10.5 10.5 to 15.0 -- -- 

BH-2 MG Road 15.0 0.0 to 7.5 7.5 to 15.0 -- -- 

BH-3 Audugodi 15.0 0.0 to 6.0 6.0 to 15.0 -- -- 
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BH No. 

 

Reference 

 

Explored 

Depth, m 

Thickness of layer in sequence (m) 

Layer – I Layer – II Layer -III 

 

Soil/CWR 

(N<100) 

CWR(N>100) 
Rock 

Formations 
Remarks 

BH-1 

Audugodi to 

Srajapura 

Road            

(Old ) 

11.2 0.0 to 4.5 4.5 to 8.2 8.2 to 11.2 HR 

BH-2 20.0 0.0 to 

13.5 
13.5 to 17.5 17.5 to 20.0 SR/MWR 

BH-3 21.0 0.0 to 

21.0 
-- -- -- 

BH-4 21.0 0.0 to 

13.5 
13.5 to 21.0 -- -- 

 SR- Soft Rock, MWR- Moderately weathered rock, CWR-Completely Weathered Rock,  

HR-Hard Rock  

 

6.0 RECOMMENDATIONS FOR DESIGN OF FOUNDATIONS  

6.1      RECOMMENDATIONS FOR DEEP FOUNDATIONS  

6.1.1  Inferences drawn from borehole investigations   

Heavy load transfer is anticipated from the Bridge structure envisaged. Hence deep 

foundations such as Bored Cast-in-situ Piles may be recommended. Pile diameter has been 

considered as 1.0m and 1.2m. Piles should be socketed 3 times the Pile diameter in dense 

weathered rock /refusal strata (N>100) or one times the pile diameter in to hard rock 

whichever is met earlier. 

Reference 

Pile 

diameter, 

D (m) 

*Depth of 

pile, m 

Safe axial 

load (tons) 

Uplift 

Capacity, 

Tons 

Lateral load 

(tons) (fixed 

head 

condition) 

Depth of 

fixity, m 

I II III IV V VI VII 

BH – 1     

(Koramangala) 

1.0 

14.0 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

BH – 2             

(MG Road) 

1.0 

13.0 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

BH – 3                

(Audugodi) 

1.0 

13.0 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 
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Reference 

Pile 

diameter, 

D (m) 

*Depth of 

pile, m 

Safe axial 

load (tons) 

Uplift 

Capacity, 

Tons 

Lateral load 

(tons) (fixed 

head 

condition) 

Depth of 

fixity, m 

BH-1                   

(Old) 

1.0 

9.0 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

BH-2             

(Old) 

1.0 

17.5 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

BH-3             

(Old) 

1.0 Hard Strata 

was 

encountered 

up to 

termination 

depth 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

BH-4 (Old) 

1.0 

18.0 

350 75 40 8.0 

1.1 400 95 50 8.5 

1.2 450 120 60 9.0 

However actual load carrying capacity of pile may be arrived through initial pile load test 

CONCLUDING REMARKS 

This Geotechnical report is valid for site conditions that prevailed at time of subsurface 

explorations. Geo-technical design recommendations are based on the data derived from 

borehole investigations. There is a possibility that strata variations could occur. If any 

variations indicate significant deviations from the findings of this report, same shall be 

brought to the notice of Geo-technical consultant for appropriate design review. 

             For GEOENGINEERING COMPANY PRIVATE LTD 

 

 

(Dr. JAYAPRAKASH  K N) 
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Fig A: Location of Boreholes 



ANNEXURE II

Client 150mm

Job No Nil

Project 29-01-26

Location 29-01-26

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.5   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

1.5

3.0 SPT 10 15 18 33

4.5 SPT 12 19 24 43

6.0 SPT 18 24 28 52 Refusal Strata

7.5 SPT 19 25 33 58

9.0 SPT 20 28 35 63

10.5 SPT 35 50B/15cm R >100

12.0 WS 50B/10cm R >100

13.5 WS R >100

15.0 WS R >100

Pinkish brown sandy Silt

Brownish white CWR
No Core Recovary, Only 

Wash Sample collected

Bore hole was terminated at  15.0m depth below existing ground level

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock SDR: Soft Disintegrated Rock

SPT=Standard Penetration test
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e
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e
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y

, 

%

R
Q

D
, 
%

Remarks 

Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock

Filled up

Commenced

Koramanagala Completed

Description of Sub-soil stratum

D
e
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th
 (

m
) 

L
e
g

e
n

d
 

 S
a

m
p

le

 SPT TEST, number of blows 

recorded 

 N
 V

a
lu

e
 =

 N
2
+

N
3

M/s. Bengaluru Smart Infrastructure 

Limited

BOREHOLE - 01                           

Size of Borehole

722 Ground Water Table

Construction of elevated Corridor



Client 150mm

Job No Nil

Project 27-01-26

Location 27-01-26

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.5   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

1.5

3.0 SPT 10 12 14 26

4.5 SPT 13 15 17 32

6.0 SPT 15 18 22 40

7.5 SPT 35 50B/5cm R >100 Refusal Strata

9.0 SPT 50B/2cm R >100

10.5 WS 25B/0cm R >100

12.0 WS R >100

13.5 WS R >100

15.0 WS R >100

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock SDR: Soft Disintegrated Rock

Brownish white sandy Silt

Brownish white CWR

Grayish white sandy Silt

Grayish white CWR

No Core Recovary, Only 

Wash Sample collected

SPT=Standard Penetration test Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock

BOREHOLE - 02                           

MG Road Metro Station Completed

M/s. Bengaluru Smart Infrastructure 

Limited
Size of Borehole

722 Ground Water Table

Description of Sub-soil stratum
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Bore hole was terminated at  15.0m depth below existing ground level

Filled up

Construction of elevated Corridor Commenced



Client 150mm

Job No Nil

Project 28-01-26

Location 28-01-26

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.5   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

1.5

3.0 SPT 8 10 12 22

4.5 SPT 12 14 16 30

6.0 SPT 35 50B/6cm R >100 Refusal Strata

7.5 SPT 50B/3cm R >100

9.0 SPT 50B/4cm R >100

10.5 WS 25B/0cm R >100

12.0 WS R >100

13.5 WS R >100

15.0 WS R >100

No Core Recovary, Only 

Wash Sample collected

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock SDR: Soft Disintegrated Rock

Bore hole was terminated at  15.0m depth below existing ground level

Brownish white CWR

SPT=Standard Penetration test Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock
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Filled up

Reddish sandy Silt

Grayish white CWR
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M/s. Bengaluru Smart Infrastructure 

Limited

BOREHOLE - 03                           

Size of Borehole

722 Ground Water Table

Construction of elevated Corridor Commenced

Description of Sub-soil stratum

Audugodi Completed



Client 150mm

Job No Nil

Project 04.06.19

Location 05.06.19

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.0

0.5 DS

1.5 2 3 3 6

3.0 4 5 7 12

4.5 6 8 15 23

6.0 SPT 50B/2cm R >100 Refusal Strata

7.5 50B/2cm R >100

8.2

8.7 CR 92 66

9.7 CR 98 98

11.2 CR 99 94

M/s. BBMP

BOREHOLE - 01(Old)                        

Size of Borehole

300 Ground Water Table

ROB Commenced

Adugodi to Sarjapur Road Junction Completed

Description of Sub-soil stratum
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Remarks 

Filled up

Brownish yellow sandy Silt
SPT 

DS

SPT 

DS

Brownish grey sandy Silt
SPT 

DS
Brownish grey sandy Silt with 

gravels

Brownish grey CWR
SPT 

DS

Brownish grey SR - MWR

Whitish grey Hard Rock

SPT=Standard Penetration test Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock MWR: Moderately weathered rock

Bore hole was terminated at  11.2m depth below existing ground level



Client 150mm

Job No Nil

Project 08.06.19

Location 09.06.19

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.0

0.5 DS

1.5 8 11 14 25

3.0 11 17 14 31

4.5 13 14 16 30

6.0 13 14 15 29

7.5 14 15 15 30

9.0 14 16 18 34

10.5 20 30 28 58

12.0 13 14 16 30

13.5 20 21 22 43

15.0 50B/5cm R >100 Refusal Strata

16.5 50B/2cm R >100

17.5

19.0 CR 33 30

20.0 CR 46 46

M/s. BBMP

BOREHOLE - 02(Old)                           

Size of Borehole

300 Ground Water Table

ROB Commenced

Adugodi to Sarjapur Road Junction Completed

Description of Sub-soil stratum
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Remarks 

Filled up

Grayish yellow sandy Silt with 

gravels

SPT 

DS

SPT 

DS

Yellowish grey sandy Silt with 

gravels

SPT 

DS

SPT 

DS

SPT 

DS

Brownish grey sandy Silt with 

gravels

SPT 

DS

SPT 

DS

Yellowish grey sandy Silt with 

gravels

SPT 

DS

SPT 

DS

Whitish grey CWR
SPT 

DS

SPT 

DS

Whitish grey SR - MWR

SPT=Standard Penetration test Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock MWR: Moderately weathered rock

Bore hole was terminated at  20.0m depth below existing ground level



Client 150mm

Job No Nil

Project 08.06.19

Location 09.06.19

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.0

0.5 DS

1.5 5 8 11 19

3.0

4.5 9 12 16 28

6.0 SPT 12 20 25 45

7.5 10 17 22 39

9.0 10 18 29 47

10.5 14 19 29 48

12.0 13 19 24 43

13.5 18 23 29 52

15.0 15 20 27 47

16.5 15 25 36 61 Refusal Strata

18.0 18 22 40 62

19.5 20 25 30 55

21.0 CR 26 30 33 63

M/s. BBMP

BOREHOLE - 03(Old)

Size of Borehole

300 Ground Water Table

ROB Commenced

Adugodi to Sarjapur Road Junction Completed

Description of Sub-soil stratum
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Reddish sandy Silt

Yellowish brown silty Sand
SPT 

DS

SPT 

DS
Whitish to pinkish brown 

sandy Silt
SPT 

DS
Whitish to brownish yellow 

sandy Silt

Grayish to yellowish brown 

sandy Silt

SPT 

DS

SPT 

DS
Whitish to pinkish brown 

sandy Silt
SPT 

DS
Pinkish to grayish white sandy 

Silt
SPT 

DS

Pinkish to whitish brown sandy 

Silt

SPT 

DS

SPT 

DS

Whitish yellow sandy gravels
SPT 

DS
Pinkish to brownsih grey sandy 

Silt
SPT 

DS
Pinkish to brownsih white 

sandy Silt
SPT 

DS

Whitish grey sandy Silt

SPT=Standard Penetration test Refusal means SPT N>50 B= No. of blows R=Rebound SR: Soft Rock

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock MWR: Moderately weathered rock

Bore hole was terminated at  21.0m depth below existing ground level



Client 150mm

Job No Nil

Project 14.06.19

Location 15.06.19

1
st
 15cm 2

nd
15cm 3

rd
15cm

N1 N2 N3

0.0

0.5 DS

1.5 2 3 4 7

3.0 3 5 6 11

4.5 5 8 7 15

6.0 SPT 6 7 8 15

7.5 9 10 13 23

9.0 8 10 11 21

10.5 11 14 19 33

12.0 10 14 20 34

`

13.5 13 21 30 51 Refusal Strata

15.0 40 50B/1cm R >100

16.5 40 50B/1cm R >100

18.0 50B/1cm R >100

19.5 50B/1cm R >100

21.0 CR 50B/1cm R >100

M/s. BBMP

BOREHOLE - 04(Old)

Size of Borehole

300 Ground Water Table

ROB Commenced

Adugodi to Sarjapur Road Junction Completed

Description of Sub-soil stratum
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Filled up

Reddish sandy Silt 
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SPT 
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Pinkish to brownish grey sandy 

Silt 

SPT 
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SPT 

DS

SPT 

DS
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B= No. of blows R=Rebound SR: Soft Rock

SPT 

DS

Yellowish to brownish grey 

sandy Silt

SPT 

DS

SPT 

DS
Greenish to brownish grey 

sandy Silt
SPT 

DS

Yellowish to reddish pink SDR

HR:Hard Rock DS=Disturbed Sample CWR: completely weathered rock MWR: Moderately weathered rock

Bore hole was terminated at  21.0m depth below existing ground level

SPT 

DS

SPT 

DS

SPT=Standard Penetration test Refusal means SPT N>50
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SPT 722/03/04 7.5 0.8 10.8 21.3 8.6 58.5 --- --- --- --- --- 15.8 --- --- --- ---

SPT 722/03/05 10.5 0.0 4.2 33.3 12.7 49.8 --- --- --- --- --- 18.2 --- --- --- ---

SPT 722/03/06 13.5 0.0 4.2 35.4 13.6 46.8 --- --- --- --- --- 19.7 --- --- --- ---

SPT 722/03/07 15.0 2.9 27.2 64.6 3.4 1.9 --- --- --- --- --- 7.2 --- --- --- ---

SPT 722/01/01 3.0 0.2 1.5 29.6 19.8 48.9 --- --- --- --- --- 17.2 --- --- --- ---

SPT 722/01/02 4.5 4.7 4.8 28.3 13.6 48.6 --- --- --- --- --- 18.4 --- --- --- ---

SPT 722/01/03 6.0 0.5 5.7 34.1 17.6 42.1 --- --- --- --- --- 16.9 --- --- --- ---

SPT 722/01/04 9.0 3.4 23.1 64.2 7.9 1.4 --- --- --- --- --- 15.1 --- --- --- ---

SPT 722/01/05 10.5 5.0 28.5 59.1 5.7 1.7 29.5 --- NP --- SM 17.9 --- --- --- ---

SPT 722/01/06 12.5 2.0 19.9 65.5 9.3 3.3 --- --- --- --- --- 16.5 --- --- --- ---

SPT 722/01/07 15.0 4.6 23.3 64.0 7.8 0.3 --- --- --- --- --- 16.7 --- --- --- ---
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SPT 722/02/01 3.0 1.0 4.6 33.6 16.8 44.0 32.4 14.5 17.9 --- SC 15.9 --- --- --- ---

SPT 722/02/02 4.5 1.2 3.1 30.2 15.4 50.1 --- --- --- --- --- 18.1 --- --- --- ---

SPT 722/02/03 6.0 0.2 5.1 33.6 16.6 44.5 --- --- --- --- --- 18.5 --- --- --- ---

SPT 722/02/04 7.5 3.3 18.2 63.5 12.6 2.4 --- --- --- --- --- 13.8 --- --- --- ---

SPT 722/02/05 9.0 3.1 8.5 59.2 13.0 16.2 --- --- --- --- --- 18.8 --- --- --- ---

SPT 722/02/06 12.0 1.9 29.1 62.7 4.1 2.2 --- --- --- --- --- 10.1 --- --- --- ---

SPT 722/02/07 15.0 2.4 28.4 63.3 3.6 2.3 --- --- --- --- --- 10.0 --- --- --- ---

SPT 300/1 1.5 0.9 4.5 19.0 27.7 47.9 --- --- --- --- --- 15.5 --- --- --- ---

SPT 300/2 3.0 0.0 4.4 34.2 16.9 44.5 44.3 --- NP SM-MI 22.5 --- --- --- ---

SPT 300/3 6.0 0.1 13.4 52.5 13.6 20.4 --- --- --- --- --- 9.8 --- --- --- ---

SPT 300/4 7.5 0.5 8.8 66.6 19.7 4.4 --- --- --- --- --- 12.3 --- --- --- ---

SPT 300/5 1.5 0.0 0.8 23.8 20.9 54.5 --- --- --- --- --- 28.1 --- --- --- ---

SPT 300/6 4.5 0.0 1.6 27.1 16.5 54.8 43.8 --- NP --- MI 24.5 --- --- --- ---

SPT 300/7 9.0 0.0 3.8 32.9 17.4 45.9 --- --- --- --- --- 22.8 --- --- --- ---

SPT 300/8 12.0 0.0 2.4 17.7 17.9 62.0 --- --- --- --- --- 23.5 --- --- --- ---

SPT 300/9 15.0 0.0 3.4 24.8 13.8 58.0 --- --- --- --- --- 19.9 --- --- --- ---

SPT 300/10 16.5 1.3 20.5 75.1 2.3 0.8 --- --- --- --- --- 2.9 --- --- --- ---

SPT 300/11 17.5 0.2 16.0 78.6 4.6 0.6 --- --- --- --- --- 1.1 --- --- --- ---

SPT 300/12 1.5 0.1 13.9 32.8 9.0 44.2 40.8 20.9 19.8 --- SM-MI 10.7 --- --- --- ---

SPT 300/13 3.0 0.0 5.5 30.2 7.5 56.8 --- --- --- --- --- 9.6 --- --- --- ---

SPT 300/14 4.5 0.4 13.3 26.3 7.6 52.4 --- --- --- --- --- 18.6 --- --- --- ---

SPT 300/15 7.5 0.8 4.0 26.8 13.2 55.2 --- --- --- --- --- 23.5 --- --- --- ---
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(Audugodi)                  

1                               

(Old)

3                                

(Old)

2                                    

(Old)



G
ra

v
e

l

C
o

a
rs

e
 S

a
n

d

M
e
d

iu
m

 S
a

n
d

F
in

e
 S

a
n

d

S
il
t 

&
 C

la
y

L
iq

u
id

 L
im

it

P
la

s
ti

c
 L

im
it

P
la

s
ti

c
it

y
 I
n

d
e
x

C
o

h
e
s

s
io

n
 

(k
N

/m
^

2
)

A
n

g
le

 o
f 

In
te

rn
a

l 

F
ri

c
ti

o
n

 (
d

e
g

.)

IS
 C

la
s

s
if

ic
a

ti
o

n
 

(I
S

:1
4

9
8

-1
9

7
0

)

Atterberg Limits (%)

BH-1     

(Koramanagala)

S
a

m
p

le
 T

y
p

e

Grain Size Distribution (%)

S
a

m
p

le
 n

o
.

D
e

p
th

 (
m

)

B
u

lk
 D

e
n

s
it

y
 (

g
m

/c
c

)

F
re

e
 S

w
e

ll
 I
n

d
e
x

 (
%

)

S
p

e
c

if
ic

 G
ra

v
it

y

Shear Parameters

N
a

tu
ra

l 
M

o
is

tu
re

 

C
o

n
te

n
t 

(%
)

B
H

 N
o

.

SPT 300/16 10.5 0.0 4.4 36.3 13.6 45.7 --- --- --- --- --- 22.2 --- --- --- ---

SPT 300/17 12.0 0.0 7.3 36.7 12.0 44.0 --- --- --- --- --- 20.4 --- --- --- ---

SPT 300/18 16.5 0.4 14.8 81.1 3.1 0.6 --- --- --- --- --- 13.6 --- --- --- ---

SPT 300/19 18.0 0.1 5.6 36.4 11.3 46.6 --- --- --- --- --- 18.2 --- --- --- ---

SPT 300/20 19.5 1.9 3.3 33.9 10.2 50.7 --- --- --- --- --- 13.2 --- --- --- ---

SPT 300/21 1.5 7.3 4.1 14.0 24.9 49.7 --- --- --- --- --- 16.5 --- --- --- ---

SPT 300/22 3.0 2.9 2.6 13.9 24.6 56.0 37.6 20.5 17.1 --- MI 18.1 --- --- --- ---

SPT 300/23 6.0 0.0 5.2 32.3 9.7 52.8 --- --- --- --- --- 20.5 --- --- --- ---

SPT 300/24 9.0 0.1 2.0 28.4 11.5 58.0 --- --- --- --- --- 26.6 --- --- --- ---

SPT 300/25 12.0 0.6 3.4 32.5 10.4 53.1 --- --- --- --- --- 23.5 --- --- --- ---

SPT 300/26 13.5 0.6 9.1 75.4 3.6 11.3 --- --- --- --- --- 9.7 --- --- --- ---

SPT 300/27 16.5 1.0 23.8 67.4 6.4 1.4 --- --- --- --- --- 10.9 --- --- --- ---

SPT 300/28 19.0 0.3 25.5 70.3 3.7 0.2 --- --- --- --- --- 7.0 --- --- --- ---

SPT 300/29 21.0 0.6 19.8 72.4 5.8 1.4 --- --- --- --- --- 7.2 --- --- --- ---

Test Method Variation : None

Abrreviations used:  UDS: Undisturbed Sample,     DS: Disturbed Sample,     SPT: Standard Penetration Test,     BH: Bore Hole,     NP: Non Plastic   

Specific Gravity: IS 2720-3 SECTION 1 & 2 1980 RA 2016
Test Method Referred to:

Grain Size Distribution: IS 2720-4 1985 RA 2015

Direct Shear Test: IS 2720-13 1986 RA 2016 Natural Moisture Content: IS 2720-2 1973 RA 2016Free Swell Index: IS 2720-40 1977 RA 2016

Liquid and Plastic Limit: IS 2720-5 1985 RA 2015

This report relates only to the sample tested and shall not be reproduced except in full without written approval of laboratory management

Authorised Signatory
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3                                    

(Old)
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ANNEXURE IV 

GRAIN SIZE ANALYSIS CURVES 

 

Fig. No.1: Grain size analysis Curves around BH 01(Kormangala) 

 

 

Fig. No.2: Grain size analysis Curves around BH 02(MG Road) 
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Fig. No.3: Grain size analysis Curves around BH 03 (Audugodi) 

 

 

Fig. No.4: Grain size analysis Curves around BH 1(Old) 
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Fig. No.5: Grain size analysis Curves around BH 2(Old) 

 

 

Fig. No.6: Grain size analysis Curves around BH 3(Old) 
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Fig. No.7: Grain size analysis Curves around BH 4(Old) 

 

END OF REPORT 
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Span and 17.2m deck width 



          

Design of Fish Belly Superstructure For 50m Span
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3. Data for Design

Proposed Section

Span of Bridge (C/C of bearings) = 48400 mm

C/C of piers = 50000 mm

Carriageway Width = 15200 mm

O/O of Parapet = 17200 mm

CantileverProjection = 1982 mm

Width of Bottom Slab = 5300 mm 4500 mm is the c/c of bearing

Angle of inclination for the Webs. = 26.000
0

0.45
c

Thickness of Deck Slab = 250 mm

Thickness of Slab at cant. Tip = 300 mm

Thickness of Slab at cant. Face = 300 mm

Overall Depth of the Girder Maximum Depth = 2712 mm

Thickness of Soffit Slab (Running X
n

) = 200 mm

Thickness of Soffit Slab (End X
n

) = 200 mm

Web thickness (Running X
n

) = 200 mm 456.23 eff.

Web thickness (End X
n

) = 200 mm 456.23 eff.

Diaphragm present at end or not = y (Y/N)

If yes, Thickness of diaphragm = 1000 mm

Over hang of girder beyond bearings L1= 400 mm 0 mm will be grouted later

Overhang beyond end diaphragm 810 mm

Crash Barrier 500 X 1000 X 4 side/s

Crash Barrier Load 8.0 kN/m

Median Load 11.0 kN/m

Working Point = 150 mm

Density of Concrete = 25 KN/m
3

Intensity of wearing coat load considered = 2 KN/m
2

Grade of Concrete Used For Box Girder = M 150

Characteristic Compressive Strength = 150 N/mm
2

Permissible stress in Concrete. = 85 N/mm
2 

CL 3.1.6 NF P18 - 710

Modulus of Elasticity of Concrete "Ecm" of girder = 47270 N/mm
2

Modulus of Elasticity of Concrete "Ecm" of Top Slab = 35000 N/mm
2

Modular Ratio = 0.7404

HTS steel used in design : Uncoated stress relieved low relaxation steel conforming to IS:14268

Modulus of Elasticity of Steel "Es" = 195000 MPa.

Area of strand = 140 mm
2

Type of cable = 19 T 15 with duct diameter 110 mm
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Distance (x) 0.000 0.500 1.200 3.200 5.700 8.200 10.700 13.700 16.700 19.700 22.700 24.200

Section Properties

Area 9.6E+06 9.6E+06 9.6E+06 9.6E+06 9.6E+06 9.6E+06 7.9E+06 7.9E+06 7.9E+06 7.9E+06 7.9E+06 7.9E+06

Section CG(y) 1662.0 1662.0 1662.0 1662.0 1662.0 1662.0 1798.0 1798.0 1798.0 1798.0 1798.0 1798.0

I section 7.51 7.51 7.51 7.51 7.51 7.51 6.03 6.03 6.03 6.03 6.03 6.03

Zt 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15

Zb 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52

Section Area 9.56 9.56 9.56 9.56 9.56 9.56 7.94 7.94 7.94 7.94 7.94 7.94

Actual Cross 

sectional area =
10.49 10.49 10.49 10.49 10.49 10.49 9.13 9.13 9.13 9.13 9.13 9.13

5) Summary of Forces & bending stress calculation

i)

Section No. 1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Section at
Support 1st Junction 2nd Junction 3rd Junction 4th Junction

5th 

Junction
6th Junction 7th Junction 8th Junction 9th Junction

10th 

Junction
L/2

Node Numbers 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0.000 0.500 1.200 3.200 5.700 8.200 10.700 13.700 16.700 19.700 22.700 24.2

P(x) Shear (kN) 5853.20 5722.08 5538.50 5014.00 4358.38 3697.17 3089.41 2403.91 1718.41 1032.91 347.41 4.66

BM (kNm) 288.25 2605.57 6546.78 17099.28 28814.76 38891.17 47363.79 55603.75 61787.22 65914.19 67984.65 68248.70

Zt 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15 7.15

Zb 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52

Top Stress 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.04 7.07 Mpa

Bottom Stress -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.05 -15.11 Mpa

Section No. 1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Section at
Support 1st Junction 2nd Junction 3rd Junction 4th Junction

5th 

Junction
6th Junction

7th 

Junction

8th 

Junction

9th 

Junction

10th 

Junction
L/2

Node Numbers 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0 0.500 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

Shear due to Crash Barrier(KN) 546.92 535.62 519.80 474.60 418.10 361.60 305.10 237.30 169.50 101.70 33.90 0.00

Shear due to Wearing Coat(KN) 726.00 711.00 690.00 630.00 555.00 480.00 405.00 315.00 225.00 135.00 45.00 0.00

Shear due to Footpath LL (kNm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BM due to Crash Barrier(KN) 6.79 263.85 633.25 1627.65 2743.52 3718.15 4551.52 5365.12 5975.32 6382.12 6585.52 6610.95

BM due to Wearing Coat(KN) 9.01 350.24 840.59 2160.59 3641.84 4935.59 6041.84 7121.84 7931.84 8471.84 8741.84 8775.59

BM due to Footpath LL (kNm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Top Stress 0.00 0.03 0.07 0.17 0.28 0.39 0.47 0.56 0.62 0.66 0.68 0.68

Bottom Stress 0.00 -0.06 -0.14 -0.36 -0.61 -0.82 -1.01 -1.19 -1.32 -1.41 -1.46 -1.46

Bending Stress due 

to Crash 

Barrier(kNm)

Section Properties (Composite section properties considering difference in Youngs Modulus of Top Slab and U trough)

Dead Load Stress Resultants from Midas Civil (Includes SW of U trough, Top Slab)

Bending Stresses

Stress Resultants from Midas for 4  Lane Loading

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



          

Top Stress 0.00 0.04 0.09 0.22 0.38 0.51 0.63 0.74 0.82 0.88 0.91 0.91

Bottom Stress 0.00 -0.08 -0.19 -0.48 -0.81 -1.09 -1.34 -1.58 -1.76 -1.88 -1.94 -1.94

Top Stress 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Bottom Stress 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Shear (kN) 1272.92 1246.62 1209.80 1104.60 973.10 841.60 710.10 552.30 394.50 236.70 78.90 0.00

Top Stress 0.00 0.06 0.15 0.39 0.66 0.90 1.10 1.29 1.44 1.54 1.59 1.59

Bottom Stress 0.00 -0.14 -0.33 -0.84 -1.41 -1.92 -2.34 -2.76 -3.08 -3.29 -3.39 -3.41

Torsion(KNm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00

Section No. 13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Section at
11th Junction

12th 

Junction
13th Junction

14th 

Junction
15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Node Numbers 18 19 20 21 22 23 24 25 26 27 30

Distance (x) 25.700 28.700 31.700 34.700 37.700 40.200 42.700 42.700 47.200 47.900 48.400

Shear due to Crash Barrier(KN) 33.90 101.70 169.50 237.30 305.10 361.60 418.10 474.60 519.80 535.62 546.92

Shear due to Wearing Coat(KN) 45.00 135.00 225.00 315.00 405.00 480.00 555.00 630.00 690.00 711.00 726.00

Shear due to Footpath LL (kNm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

BM due to Crash Barrier(KN) 6585.52 6382.12 5975.32 5365.12 4551.52 3718.15 2743.52 1627.65 633.25 263.85 6.79

BM due to Wearing Coat(KN) 8741.84 8471.84 7931.84 7121.84 6041.84 4935.59 3641.84 2160.59 840.59 350.24 9.01

BM due to Footpath LL (kNm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Top Stress 0.68 0.66 0.62 0.56 0.47 0.39 0.28 0.17 0.07 0.03 0.00

Bottom Stress -1.46 -1.41 -1.32 -1.19 -1.01 -0.82 -0.61 -0.36 -0.14 -0.06 0.00

Top Stress 0.91 0.88 0.82 0.74 0.63 0.51 0.38 0.22 0.09 0.04 0.00

Bottom Stress -1.94 -1.88 -1.76 -1.58 -1.34 -1.09 -0.81 -0.48 -0.19 -0.08 0.00

Top Stress 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Bottom Stress 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Shear (kN) 78.90 236.70 394.50 552.30 710.10 841.60 973.10 1104.60 1209.80 1246.62 1272.92

Top Stress 1.59 1.54 1.44 1.29 1.10 0.90 0.66 0.39 0.15 0.06 0.00

Bottom Stress -3.39 -3.29 -3.08 -2.76 -2.34 -1.92 -1.41 -0.84 -0.33 -0.14 0.00

Torsion(KNm) 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Bending Stress due 

to Crash 

Barrier(kNm)

Bending Stress due 

to Wearing Coat 

(kNm)

Bending Stress due 

to Footpath LL 

(kNm)

Total Bending 

Stresses(kNm)

Total Bending 

Stresses(kNm)

Bending Stress due 

to Wearing Coat 

(kNm)

Bending Stress due 

to Footpath LL 

(kNm)
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Maximum Summary of 4 Lanes VLL  Forces from Midas Civil

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Support 1st Junction 2nd Junction 3rd Junction 4th Junction
5th 

Junction
6th Junction 7th Junction 8th Junction 9th Junction

10th 

Junction
L/2

Node Numbers 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0 0.500 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

Shear (kN) 1659.6 1659.6 1531.8 1510.4 1347.4 1229.5 1133.6 1037.8 935.4 795.6 654.5 654.5

BM (kNm) 277.3 829.8 1924.3 4791.7 8139.6 10695.1 12914.6 15093.7 16690.2 17725.6 18123.8 18107.2

Top Stress 0.03 0.09 0.20 0.50 0.84 1.11 1.34 1.56 1.73 1.84 1.88 1.87

Bottom Stress -0.06 -0.18 -0.43 -1.06 -1.80 -2.37 -2.86 -3.34 -3.69 -3.92 -4.01 -4.01

Torsion (kNm) 1369.2 1369.2 1263.7 1246.1 1111.6 1014.3 935.2 856.2 771.7 656.4 539.9 539.92

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

11th Junction
12th 

Junction
13th Junction 14th Junction 15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

Shear (kN) 654.5 795.6 935.4 1037.8 1133.6 1229.5 1347.4 1510.4 1531.8 1659.6 1659.6

BM (kNm) 18123.8 17725.6 16690.2 15093.7 12914.6 10695.1 8139.6 4791.7 1924.3 829.8 277.3

Top Stress 1.88 1.84 1.73 1.56 1.34 1.11 0.84 0.50 0.20 0.09 0.03

Bottom Stress -4.01 -3.92 -3.69 -3.34 -2.86 -2.37 -1.80 -1.06 -0.43 -0.18 -0.06

Torsion (kNm) 539.9 656.4 771.7 856.2 935.2 1014.3 1111.6 1246.1 1263.7 1369.2 1369.2

Stresses due to 23 cables Prestressing force after instantneous losses (from Midas)

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Support 1st Junction 2nd Junction 3rd Junction 4th Junction
5th 

Junction
6th Junction 7th Junction 8th Junction 9th Junction

10th 

Junction
L/2

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

Axial Force (P) 78801 78896 79023 79407 79864 80400 81380 81860 82268 82273 81868 81641.9

BM (P*e) 47758 49395 51686 58305 66642 74581 87253 87772 88231 88334 87916 87673.0

Top Stress 1.16 1.00 0.77 0.11 -0.71 -1.49 -1.45 -1.46 -1.46 -1.47 -1.47 -1.5

Bottom Stress 18.82 19.19 19.71 21.21 23.11 24.92 29.56 29.74 29.89 29.92 29.77 29.7

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

11th Junction
12th 

Junction
13th Junction 14th Junction 15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Axial Force (P) 81868 82273 82268 81860 81380 80400 79864 79407 79023 78896 78801

BM (P*e) 87916 88334 88231 87772 87253 74581 66642 58305 51686 49395 47758

Top Stress -1.47 -1.47 -1.46 -1.46 -1.45 -1.49 -0.71 0.11 0.77 1.00 1.16

Bottom Stress 29.77 29.92 29.89 29.74 29.56 24.92 23.11 21.21 19.71 19.19 18.82

Bending Stress 

(MPa)

Bending Stress 

(MPa)
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Stresses due to 23 cables Prestressing force after all losses (from Midas)

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Support 1st Junction 2nd Junction 3rd Junction Taper Start Taper end 6th Junction 7th Junction 8th Junction 9th Junction
10th 

Junction
L/2

Distance (x) 8 9 10 11 12 13 14 15 16 17 18 19

Node Number 0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

Axial Force (P) 76065 76164 76299 76707 77207 77767 78892 79396 79816 79859 79517.19 79317.1

BM (P*e) 46145 47737 49964 56399 64510 72230 84710 85269 85750 85890 85541.47 85326.3

Top Stress 1.11 0.96 0.74 0.10 -0.70 -1.46 -1.41 -1.43 -1.44 -1.45 -1.44 -1.4

Bottom Stress 18.17 18.54 19.04 20.51 22.36 24.13 28.69 28.87 29.03 29.07 28.95 28.9

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

11th Junction
12th 

Junction
13th Junction 14th Junction 15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Axial Force (P) 79517 79859 79816 79396 78892 77767 77207 76707 76299 76164 76065

BM (P*e) 85541 85890 85750 85269 84710 72230 64510 56399 49964 47737 46145

Top Stress -1.44 -1.45 -1.44 -1.43 -1.41 -1.46 -0.70 0.10 0.74 0.96 1.11

Bottom Stress 28.95 29.07 29.03 28.87 28.69 24.13 22.36 20.51 19.04 18.54 18.17

Temperature Gradient Rise (from Midas)

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 11--11

Support 1st Junction 2nd Junction 3rd Junction Taper Start Taper end 6th Junction 7th Junction 8th Junction 9th Junction
10th 

Junction
L/2

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0 0.6 3.3 6.2 9.1 12.2 15.52 18.84 22.16 25.48 26.48 28.800

Top Stress -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18

Bottom Stress 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

11th Junction
12th 

Junction
13th Junction 14th Junction 15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Top Stress -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18 -1.18

Bottom Stress 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Temperature Gradient Fall (from Midas)

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 11--11

Support 1st Junction 2nd Junction 3rd Junction Taper Start Taper end 6th Junction 7th Junction 8th Junction 9th Junction
10th 

Junction
L/2

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0 0.6 3.3 6.2 9.1 12.2 15.52 18.84 22.16 25.48 26.48 28.800

Top Stress 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

Bottom Stress 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

11th Junction
12th 

Junction
13th Junction 14th Junction 15th Junction

16th 

Junction

17th 

Junction

18th 

Junction

19th 

Junction

20th 

Junction
Support

Top Stress 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

Bottom Stress 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

Rare Combination 4 Lanes :- DL x 1.0 + CB(4L) x 1.0 + WC(4L) x 1.2 + VLL(4L) x 1.0 + Differential Shrinkage x 0.6

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 11--11

Support 1st Junction 2nd Junction 3rd Junction Taper Start Taper end 6th Junction 7th Junction 8th Junction 9th Junction
10th 

Junction
L/2

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0.000 0.500 1.200 3.200 5.700 8.200 10.700 13.700 16.700 19.700 22.700 24.200

Shear (kN) 8930.96 8770.54 8418.06 7754.98 6789.87 5864.23 5014.13 4057 3093.33 2092.22 1089.76 659.11

BM (kNm) 2443.77 5980.13 11973.68 27971.98 45928.67 61087.71 73940.68 86469.40 95831.59 102048.70 105044.79 105358.17
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Factored 4 Lanes :- DL x 1.35 + CB(4L) x 1.35 + WC(4L) x 1.75 + VLL(4L) x 1.5 + Differential Shrinkage x 0.9

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 11--11

Support 1st Junction 2nd Junction 3rd Junction Taper Start Taper end 6th Junction 7th Junction 8th Junction 9th Junction
10th 

Junction
L/2

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

Distance (x) 0.000 0.500 1.200 3.200 5.700 8.200 10.700 13.700 16.700 19.700 22.700 24.200

Shear (kN) 12400.122 12181.605 11683.845 10777.68 9440.583 8163.53 6991.7685 5673.5685 4345.5585 2961.3885 1575.1935 987.97

BM (kNm) 3621.0 8522.3 16841.5 39040.9 63977.2 84993.4 102821.6 120202.7 133186.4 141805.0 145944.6 146369.53

7) Check for Stresses

Time Dependent Losses consisting of the following ;-

1) DL + PS 23 cables (After Instantaneous Losses)

Load factors as Per Table 3.3 of IRC 6-2016

Dead Load 1 0.5 Mpa (At joints)

Prestressing 1 0 Mpa (At other locations)

Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Distance (x) 0.00 0.50 1.20 3.20 5.70 8.20 10.70 13.70 16.70 19.70 22.70 24.20

Prestress s t 1.16 1.00 0.77 0.11 -0.71 -1.49 -1.45 -1.46 -1.46 -1.47 -1.47 -1.47

s b 18.82 19.19 19.71 21.21 23.11 24.92 29.56 29.74 29.89 29.92 29.77 29.69

Dead Load s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

Resultant s t 1.19 1.27 1.45 1.88 2.27 2.53 3.46 4.30 4.93 5.35 5.60 5.60
s b 18.75 18.61 18.26 17.43 16.73 16.31 19.08 17.43 16.21 15.32 14.66 14.58

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

Prestress s t -1.47 -1.47 -1.46 -1.46 -1.45 -1.49 -0.71 0.11 0.77 1.00 1.16

s b 29.77 29.92 29.89 29.74 29.56 24.92 23.11 21.21 19.71 19.19 18.82

Dead Load s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

Resultant s t 5.60 5.35 4.93 4.30 3.46 2.53 2.27 1.88 1.45 1.27 1.19
s b 14.66 15.32 16.21 17.43 19.08 16.31 16.73 17.43 18.26 18.61 18.75

2) DL + PS 23 Cables + Temperature Fall (After Instantaneous Losses)

Load factors as Per Table 3.3 of IRC 6-2016

Dead Load 1 0.5 Mpa (At joints)

Prestressing 1 0 Mpa (At other locations)

Temperature Fall 1 Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Distance (x) 0.00 0.50 1.20 3.20 5.70 8.20 10.70 13.70 16.70 19.70 22.70 24.20

s t 1.16 1.00 0.77 0.11 -0.71 -1.49 -1.45 -1.46 -1.46 -1.47 -1.47 -1.47

s b 18.82 19.19 19.71 21.21 23.11 24.92 29.56 29.74 29.89 29.92 29.77 29.69

s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

Resultant s t 2.39 2.47 2.65 3.08 3.47 3.73 4.66 5.50 6.13 6.55 6.80 6.80
s b 20.39 20.25 19.90 19.07 18.37 17.95 20.72 19.07 17.85 16.96 16.30 16.22

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Prestress

Minimum Allowable Compression =

Temperature

Minimum Allowable Compression =

Dead Load

Minimum Allowable Compression =

Minimum Allowable Compression =
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Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

s t -1.47 -1.47 -1.46 -1.46 -1.45 -1.49 -0.71 0.11 0.77 1.00 1.16

s b 29.77 29.92 29.89 29.74 29.56 24.92 23.11 21.21 19.71 19.19 18.82

s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

Resultant s t 6.80 6.55 6.13 5.50 4.66 3.73 3.47 3.08 2.65 2.47 2.39
s b 16.30 16.96 17.85 19.07 20.72 17.95 18.37 19.07 19.90 20.25 20.39

3) DL + PS 23 Cables + Temp Fall + 2 Lane CB (After Instantaneous Losses)

Load factors as Per Table 3.3 of IRC 6-2016

Dead Load 1 0.5 Mpa (At joints)

Prestressing 1 0 Mpa (At other locations)

Crash Barrier 1 Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

Temperature Fall 1

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Distance (x) 0 0.5 1.20 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.70 24.2

s t 1.16 1.00 0.77 0.11 -0.71 -1.49 -1.45 -1.46 -1.46 -1.47 -1.47 -1.47

s b 18.82 19.19 19.71 21.21 23.11 24.92 29.56 29.74 29.89 29.92 29.77 29.69

s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.00 0.03 0.07 0.17 0.28 0.39 0.47 0.56 0.62 0.66 0.68 0.68

s b 0.00 -0.06 -0.14 -0.36 -0.61 -0.82 -1.01 -1.19 -1.32 -1.41 -1.46 -1.46

s t 2.39 2.49 2.71 3.25 3.75 4.12 5.13 6.06 6.75 7.21 7.48 7.49

s b 20.39 20.19 19.76 18.70 17.76 17.13 19.71 17.88 16.53 15.55 14.84 14.75

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

s t -1.47 -1.47 -1.46 -1.46 -1.45 -1.49 -0.71 0.11 0.77 1.00 1.16

s b 29.77 29.92 29.89 29.74 29.56 24.92 23.11 21.21 19.71 19.19 18.82

s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.68 0.66 0.62 0.56 0.47 0.39 0.28 0.17 0.07 0.03 0.00

s b -1.46 -1.41 -1.32 -1.19 -1.01 -0.82 -0.61 -0.36 -0.14 -0.06 0.00

s t 7.48 7.21 6.75 6.06 5.13 4.12 3.75 3.25 2.71 2.49 2.39

s b 14.84 15.55 16.53 17.88 19.71 17.13 17.76 18.70 19.76 20.19 20.39

4) DL + PS 23 Cables + Temp Fall + 2 Lane SIDL (After Instantaneous Losses)

Load factors as Per Table 3.3 of IRC 6-2016

Dead Load 1 0.5 Mpa (At joints)

Prestressing 1 0 Mpa (At other locations)

Crash Barrier 1 Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

Wearing Coat 1.2

Temperature Fall 1

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Distance (x) 0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

s t 1.16 1.00 0.77 0.11 -0.71 -1.49 -1.45 -1.46 -1.46 -1.47 -1.47 -1.47

s b 18.82 19.19 19.71 21.21 23.11 24.92 29.56 29.74 29.89 29.92 29.77 29.69

Temperature

Temperature

Dead Load

Resultant

Minimum Allowable Compression =

Prestress

Prestress

Crash Barrier

Resultant

Prestress

Dead Load

Minimum Allowable Compression =

Minimum Allowable Compression =

Prestress

Minimum Allowable Compression =

Temperature

Crash Barrier

Dead Load
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s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.00 0.03 0.07 0.17 0.28 0.39 0.47 0.56 0.62 0.66 0.68 0.68

s b 0.00 -0.06 -0.14 -0.36 -0.61 -0.82 -1.01 -1.19 -1.32 -1.41 -1.46 -1.46

s t 0.00 0.04 0.09 0.22 0.38 0.51 0.63 0.74 0.82 0.88 0.91 0.91

s b 0.00 -0.08 -0.19 -0.48 -0.81 -1.09 -1.34 -1.58 -1.76 -1.88 -1.94 -1.94

s t 2.39 2.54 2.82 3.52 4.21 4.73 5.88 6.94 7.74 8.26 8.56 8.58

s b 20.38 20.10 19.53 18.13 16.79 15.81 18.10 15.99 14.42 13.30 12.52 12.42

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

s t -1.47 -1.47 -1.46 -1.46 -1.45 -1.49 -0.71 0.11 0.77 1.00 1.16

s b 29.77 29.92 29.89 29.74 29.56 24.92 23.11 21.21 19.71 19.19 18.82

s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

Dead Load

Temperature

Prestress

Dead Load

Crash Barrier

Resultant

Wearing Coat

Temperature
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s t 0.68 0.66 0.62 0.56 0.47 0.39 0.28 0.17 0.07 0.03 0.00

s b -1.46 -1.41 -1.32 -1.19 -1.01 -0.82 -0.61 -0.36 -0.14 -0.06 0.00

s t 0.91 0.88 0.82 0.74 0.63 0.51 0.38 0.22 0.09 0.04 0.00

s b -1.94 -1.88 -1.76 -1.58 -1.34 -1.09 -0.81 -0.48 -0.19 -0.08 0.00

s t 8.56 8.26 7.74 6.94 5.88 4.73 4.21 3.52 2.82 2.54 2.39

s b 12.52 13.30 14.42 15.99 18.10 15.81 16.79 18.13 19.53 20.10 20.38

5) DL + PS 23 Cables (After All Losses)  + 2 Lane SIDL + 2 Lane VLL (Accompanying) + Temperature Fall (Leading)

Load factors as Per Table 3.3 of IRC 6-2016

Rare 

Combination

Frequent 

Combination

Quasi 

Permanent 

Combination

1 1 1 0.5 Mpa (At joints)

1.1 1.1 1.1 0 Mpa (At other locations)

0.9 0.9 0.9 Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

1 1 1 Maximum Allowable Compression = 54

1.2 1.2 1.2

0.75 0.75 0

1 0.5 0.5

1 1 1

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Node Numbers 0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

s t 1.11 0.96 0.74 0.10 -0.70 -1.46 -1.41 -1.43 -1.44 -1.45 -1.44 -1.44

s b 18.17 18.54 19.04 20.51 22.36 24.13 28.69 28.87 29.03 29.07 28.95 28.88

s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.00 0.03 0.07 0.17 0.28 0.39 0.47 0.56 0.62 0.66 0.68 0.68

s b 0.00 -0.06 -0.14 -0.36 -0.61 -0.82 -1.01 -1.19 -1.32 -1.41 -1.46 -1.46

s t 0.00 0.04 0.09 0.22 0.38 0.51 0.63 0.74 0.82 0.88 0.91 0.91

s b 0.00 -0.08 -0.19 -0.48 -0.81 -1.09 -1.34 -1.58 -1.76 -1.88 -1.94 -1.94

s t 0.03 0.09 0.20 0.50 0.84 1.11 1.34 1.56 1.73 1.84 1.88 1.87

s b -0.06 -0.18 -0.43 -1.06 -1.80 -2.37 -2.86 -3.34 -3.69 -3.92 -4.01 -4.01

s t 0.00 -0.37 -0.34 -0.34 -0.30 -0.27 -0.25 -0.23 -0.21 -0.18 -0.15 -0.15

s b 0.00 -0.37 -0.34 -0.34 -0.30 -0.27 -0.25 -0.23 -0.21 -0.18 -0.15 -0.15

s t 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

s b -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18

s t 2.56 2.37 2.75 3.64 4.57 5.27 6.61 7.86 8.80 9.43 9.80 9.80

s b 21.33 20.61 19.93 18.16 16.44 15.20 17.51 15.09 13.30 12.05 11.25 11.16

s t 2.34 2.18 2.60 3.62 4.71 5.56 6.89 8.14 9.08 9.72 10.08 10.09

s b 17.69 16.90 16.12 14.06 11.97 10.37 11.78 9.31 7.50 6.24 5.46 5.39

s t 1.96 1.77 2.15 3.04 3.97 4.67 6.01 7.26 8.20 8.83 9.20 9.21

s b 20.51 19.79 19.11 17.34 15.62 14.38 16.70 14.27 12.48 11.24 10.44 10.34

s t 1.74 1.58 2.01 3.02 4.11 4.96 6.29 7.54 8.48 9.12 9.48 9.49

s b 17.15 16.35 15.57 13.51 11.42 9.82 11.23 8.77 6.95 5.69 4.92 4.57

s t 1.94 1.71 2.00 2.67 3.34 3.84 5.00 6.08 6.90 7.46 7.79 7.80

s b 20.83 20.20 19.70 18.41 17.24 16.43 19.11 17.05 15.53 14.45 13.72 13.35

Freque

nt 

Combi

nation

Quasi 

Perma

nent 

Mpa (For Frequent and quasi 

permanent combination)

Rare 

Combi

nation
Resultant 

(Inferior 

Prestress)

Loads

Dead Load

Crash Barrier

Wearing Coat

Crash Barrier

Wearing Coat

Resultant 

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Resultant 

(Superior 

Prestress)

VLL Leading

Resultant

Minimum Allowable Compression =

Minimum Allowable Compression =

Superior Prestressing

Dead Load

Tension due to 

Torsion

Temperature

Inferior Prestressing

Crash Barrier

Prestress

Wearing Coat

Temperature Fall

Differential 

Shrinkage

VLL

Resultant 

(Superior 

Prestress)

Differential Shrinkage
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s t 1.72 1.52 1.86 2.65 3.48 4.13 5.29 6.37 7.19 7.75 8.08 8.09

s b 17.19 16.49 15.89 14.31 12.77 11.60 13.37 11.27 9.72 8.64 7.93 7.57

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

s t -1.44 -1.45 -1.44 -1.43 -1.41 -1.46 -0.70 0.10 0.74 0.96 1.11

s b 28.95 29.07 29.03 28.87 28.69 24.13 22.36 20.51 19.04 18.54 18.17

s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.68 0.66 0.62 0.56 0.47 0.39 0.28 0.17 0.07 0.03 0.00

s b -1.46 -1.41 -1.32 -1.19 -1.01 -0.82 -0.61 -0.36 -0.14 -0.06 0.00

s t 0.91 0.88 0.82 0.74 0.63 0.51 0.38 0.22 0.09 0.04 0.00

s b -1.94 -1.88 -1.76 -1.58 -1.34 -1.09 -0.81 -0.48 -0.19 -0.08 0.00

s t 1.88 1.84 1.73 1.56 1.34 1.11 0.84 0.50 0.20 0.09 0.03

s b -4.01 -3.92 -3.69 -3.34 -2.86 -2.37 -1.80 -1.06 -0.43 -0.18 -0.06

s t -0.15 -0.18 -0.21 -0.23 -0.25 -0.27 -0.30 -0.34 -0.34 -0.37 0.00

s b -0.15 -0.18 -0.21 -0.23 -0.25 -0.27 -0.30 -0.34 -0.34 -0.37 0.00

s t 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

s b -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18

s t 9.80 9.43 8.80 7.86 6.61 5.27 4.57 3.64 2.75 2.37 2.56

s b 11.25 12.05 13.30 15.09 17.51 15.20 16.44 18.16 19.93 20.61 21.33

s t 10.08 9.72 9.08 8.14 6.89 5.56 4.71 3.62 2.60 2.18 2.34

s b 5.46 6.24 7.50 9.31 11.78 10.37 11.97 14.06 16.12 16.90 17.69

s t 9.20 8.83 8.20 7.26 6.01 4.67 3.97 3.04 2.15 1.77 1.96

s b 10.44 11.24 12.48 14.27 16.70 14.38 15.62 17.34 19.11 19.79 20.51

s t 9.48 9.12 8.48 7.54 6.29 4.96 4.11 3.02 2.01 1.58 1.74

s b 4.65 5.42 6.68 8.50 10.96 9.55 11.15 13.24 15.30 16.08 16.88

nent 

Combi

nation

Rare Combination

Frequent 

Combination

Prestress

Dead Load

Temperature

Resultant 

(Inferior 

Prestress)

Differential 

Shrinkage

Resultant 

(Inferior 

Prestress)

Resultant 

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Crash Barrier

Wearing Coat

VLL

Resultant 

(Superior 

Prestress)

Tension due to 

Torsion
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s t 7.79 7.46 6.90 6.08 5.00 3.84 3.34 2.67 2.00 1.71 1.94

s b 13.45 14.18 15.26 16.78 18.84 16.15 16.97 18.14 19.43 19.92 20.56

s t 8.08 7.75 7.19 6.37 5.29 4.13 3.48 2.65 1.86 1.52 1.72

s b 7.66 8.37 9.45 11.00 13.10 11.33 12.50 14.04 15.62 16.22 16.92

6) DL + PS 23 Cables (After All Losses)  + 2 Lane SIDL + 2 Lane VLL (Leading) + Temperature Fall (Accompanying)

Load factors as Per Table 3.3 of IRC 6-2016

Rare 

Combination

Frequent 

Combination

Quasi 

Permanent 

Combination

1 1 1 0.5 Mpa (At joints)

1.1 1.1 1.1 0 Mpa (At other locations)

0.9 0.9 0.9 Maximum Allowable Compression = 85 Mpa CL 3.1.6 NF P18 - 710

1 1 1 Maximum Allowable Compression = 54

1.2 1.2 1.2

1 0.75 0

0.6 0.5 0.5

1 1 1

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 11--11 12--12

Distance (x) 0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 24.2

s t 1.11 0.96 0.74 0.10 -0.70 -1.46 -1.41 -1.43 -1.44 -1.45 -1.44 -1.44

s b 18.17 18.54 19.04 20.51 22.36 24.13 28.69 28.87 29.03 29.07 28.95 28.88

s t 0.03 0.27 0.68 1.77 2.98 4.03 4.90 5.76 6.40 6.83 7.07 7.07

s b -0.06 -0.58 -1.45 -3.79 -6.38 -8.61 -10.48 -12.31 -13.68 -14.59 -15.11 -15.11

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.00 0.03 0.07 0.17 0.28 0.39 0.47 0.56 0.62 0.66 0.68 0.68

s b 0.00 -0.06 -0.14 -0.36 -0.61 -0.82 -1.01 -1.19 -1.32 -1.41 -1.46 -1.46

s t 0.00 0.04 0.09 0.22 0.38 0.51 0.63 0.74 0.82 0.88 0.91 0.91

s b 0.00 -0.08 -0.19 -0.48 -0.81 -1.09 -1.34 -1.58 -1.76 -1.88 -1.94 -1.94

s t 0.03 0.09 0.20 0.50 0.84 1.11 1.34 1.56 1.73 1.84 1.88 1.87

s b -0.06 -0.18 -0.43 -1.06 -1.80 -2.37 -2.86 -3.34 -3.69 -3.92 -4.01 -4.01

s t 0.00 -0.37 -0.34 -0.34 -0.30 -0.27 -0.25 -0.23 -0.21 -0.18 -0.15 -0.15

s b 0.00 -0.37 -0.34 -0.34 -0.30 -0.27 -0.25 -0.23 -0.21 -0.18 -0.15 -0.15

s t 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

s b -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18

Quasi Permament 

Combination

Mpa (For Frequent and quasi 

permanent combination)

Minimum Allowable Compression =

Minimum Allowable Compression =

VLL Leading

Temperature Fall

Loads

Dead Load

Superior Prestressing

Inferior Prestressing

Differential 

Shrinkage

Prestress

Dead Load

VLL

Temperature Fall

Tension due to 

Torsion

Crash Barrier

Differential Shrinkage

Wearing Coat

Resultant 

(Inferior 

Prestress)

Resultant 

(Superior 

Prestress)

Crash Barrier

Wearing Coat
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s t 2.09 1.92 2.32 3.29 4.30 5.06 6.46 7.77 8.75 9.41 9.79 9.79

s b 20.66 19.90 19.16 17.24 15.34 13.95 16.14 13.60 11.72 10.42 9.60 9.51

s t 1.87 1.72 2.18 3.27 4.44 5.36 6.74 8.05 9.04 9.70 10.07 10.08

s b 17.02 16.20 15.36 13.14 10.86 9.13 10.41 7.82 5.92 4.61 3.81 3.73

s t 1.96 1.77 2.15 3.04 3.97 4.67 6.01 7.26 8.20 8.83 9.20 9.21

s b 20.51 19.79 19.11 17.34 15.62 14.38 16.70 14.27 12.48 11.24 10.44 10.34

s t 1.74 1.58 2.01 3.02 4.11 4.96 6.29 7.54 8.48 9.12 9.48 9.49

s b 17.15 16.35 15.57 13.51 11.42 9.82 11.23 8.77 6.95 5.69 4.92 4.84

s t 1.94 1.71 2.00 2.67 3.34 3.84 5.00 6.08 6.90 7.46 7.79 7.80

s b 20.83 20.20 19.70 18.41 17.24 16.43 19.11 17.05 15.53 14.45 13.72 13.62

s t 1.72 1.52 1.86 2.65 3.48 4.13 5.29 6.37 7.19 7.75 8.08 8.09

s b 17.19 16.49 15.89 14.31 12.77 11.60 13.37 11.27 9.72 8.64 7.93 7.85

13--13 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

Distance (x) 25.7 28.7 31.7 34.7 37.7 40.2 42.7 42.7 47.2 47.9 48.4

s t -1.44 -1.45 -1.44 -1.43 -1.41 -1.46 -0.70 0.10 0.74 0.96 1.11

s b 28.95 29.07 29.03 28.87 28.69 24.13 22.36 20.51 19.04 18.54 18.17

s t 7.07 6.83 6.40 5.76 4.90 4.03 2.98 1.77 0.68 0.27 0.03

s b -15.11 -14.59 -13.68 -12.31 -10.48 -8.61 -6.38 -3.79 -1.45 -0.58 -0.06

s t 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

s b 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64

s t 0.68 0.66 0.62 0.56 0.47 0.39 0.28 0.17 0.07 0.03 0.00

s b -1.46 -1.41 -1.32 -1.19 -1.01 -0.82 -0.61 -0.36 -0.14 -0.06 0.00

s t 0.91 0.88 0.82 0.74 0.63 0.51 0.38 0.22 0.09 0.04 0.00

s b -1.94 -1.88 -1.76 -1.58 -1.34 -1.09 -0.81 -0.48 -0.19 -0.08 0.00

s t 1.88 1.84 1.73 1.56 1.34 1.11 0.84 0.50 0.20 0.09 0.03

s b -4.01 -3.92 -3.69 -3.34 -2.86 -2.37 -1.80 -1.06 -0.43 -0.18 -0.06

s t -0.15 -0.18 -0.21 -0.23 -0.25 -0.27 -0.30 -0.34 -0.34 -0.37 0.00

s b -0.15 -0.18 -0.21 -0.23 -0.25 -0.27 -0.30 -0.34 -0.34 -0.37 0.00

s t 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09

s b -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18 -0.18

s t 9.79 9.41 8.75 7.77 6.46 5.06 4.30 3.29 2.32 1.92 2.09

s b 9.60 10.42 11.72 13.60 16.14 13.95 15.34 17.24 19.16 19.90 20.66

s t 10.07 9.70 9.04 8.05 6.74 5.36 4.44 3.27 2.18 1.72 1.87

s b 3.81 4.61 5.92 7.82 10.41 9.13 10.86 13.14 15.36 16.20 17.02

s t 9.20 8.83 8.20 7.26 6.01 4.67 3.97 3.04 2.15 1.77 1.96

s b 10.44 11.24 12.48 14.27 16.70 14.38 15.62 17.34 19.11 19.79 20.51

s t 9.48 9.12 8.48 7.54 6.29 4.96 4.11 3.02 2.01 1.58 1.74

s b 4.65 5.42 6.68 8.50 10.96 9.55 11.15 13.24 15.30 16.08 16.88

s t 7.79 7.46 6.90 6.08 5.00 3.84 3.34 2.67 2.00 1.71 1.94

Rare 

Combi

nation

Freque

nt 

Combi

nation

Quasi 

Perma

ment 

Combi

nation

Rare Combination

Frequent 

CombinationResultant 

(Inferior 

Prestress)

Resultant 

(Superior 

Resultant 

(Inferior 

Prestress)

VLL

Resultant 

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Tension due to 

Torsion

Differential 

Shrinkage

Resultant 

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Resultant 

(Superior 

Prestress)

Prestress

Resultant 

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Dead Load

Wearing Coat

Temperature Fall

Crash Barrier

Resultant 

(Superior 

Prestress)
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s b 13.45 14.18 15.26 16.78 18.84 16.15 16.97 18.14 19.43 19.92 20.56

s t 8.08 7.75 7.19 6.37 5.29 4.13 3.48 2.65 1.86 1.52 1.72

s b 7.66 8.37 9.45 11.00 13.10 11.33 12.50 14.04 15.62 16.22 16.92

8)

Loads Deflections Factor

Prestress = 85.60 1.00

Self weight = -57.90 1.00

Crash Barrier = -5.59 1.00

Wearing Coat = -7.44 1.20

FPLL + VLL = -14.38 0.75

Total = 2.40 mm

Permissible Deflection = L = 48400 = 60.5 mm Hence OK

800 800

(i) Calculation of Neutral Axis Depth

Assuming Neutral axis lies within the top slab

0.4460fck

0.0035

0.43 xu 250

C1 ӯ 
0.57 xu C

C2

Z 0.0035 = 0.0020

Xu xc1

T

0.0020 `

Area of stress Block = 0.19 Xu + 0.17 Xu =  0.36 Xu

0.15 xu
2

ӯ = 0.42 Xu

C =T C= fck= M150

b= 17200 mm

bw= 600 mm

1--1 2--2 3--3 4--4 5--5 6--6 7--7 8--8 9--9 10--10 12--12

8 12 15 16 17 18 19 20 21 22 23

78801.23 78896.04 79023.21 79406.55 79863.51 80400.03 81379.84 81860.45 82267.62 82272.53 81641.93

84.84 84.94 85.08 85.49 85.99 86.56 87.62 88.14 88.57 88.58 87.90

35.29 35.33 35.39 35.56 35.77 36.01 36.45 36.66 36.84 36.85 36.56

Sections 14--14 15--15 16--16 17--17 18--18 19--19 20--20 21--21 22--22 23--23

24 25 26 27 28 29 30 31 34 38

82272.53 82267.62 81860.45 81379.84 80400.03 79863.51 79406.55 79023.21 78896.04 78801.23

88.58 88.57 88.14 87.62 86.56 85.99 85.49 85.08 84.94 84.84

36.85 36.84 36.66 36.45 36.01 35.77 35.56 35.39 35.33 35.29

Depth of neutral axis = 87.90 Neutral axis lies web

Quasi Permament 

Combination

(Superior 

Prestress)

Resultant 

(Inferior 

Prestress)

Node Number

T = Prestessing Force (after friction and 

Slip loss)

Moment of area about extream fibre =

0.42 Xu =

T = Prestessing Force (after friction and 

Slip loss)

Sections

Xu=

Xu=

85.08 Xu =

Check for Deflection at Midspan (From Midas Civil)

Node Number

0.36*fck*b.xu

9) Ultimate moment capacity calculation
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Xumax/d =

ε cu , Ultimate strain in concrete at top = 0.0035

ε cp , Strain in concrete at top due to prestress

ε spα , Locked in strain in HTS immediately after anchorage

ε spu, Ultimate strain at the C.G of the HTS

P final , Pre-stressing force after all losses

εcp = M / (Zt . Ep) = 0.00003

εspu = fp / Ep = 0.00955

εspα = Po / (Ap.Ep) = 0.006843

Therefore, Xumax/d = 0.566 < 0.032 Under reinforced section

Ultimate Moment of resistance, Mur : For neutral axis in web

= 0.36 fck.bw.(d-xu).(d - 0.42 xu) + 0.446 fck.(btf). Df. (d - 0.5 Df)

= 971639.9547 kNm > 165402.7 kNm OK

��� + ���

��� ± ��� +  ���� −  ���∞
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10) Check for Ultimate Shear As per IRC 112-2020 ( Cl:10.3.2)

Support 1st Junction 2nd Junction 3rd Junction
4th 

Junction
5th Junction

6th 

Junction

7th 

Junction

8th 

Junction

9th 

Junction

10th 

Junction
L/2

0 0.5 1.2 3.2 5.7 8.2 10.7 13.7 16.7 19.7 22.7 22.7

Factored

7901.82 7724.81 7476.98 6768.90 5883.81 4991.18 4170.70 3245.28 2319.85 1394.43 469.00 6.29

738.34 723.09 701.73 640.71 564.44 488.16 411.89 320.36 228.83 137.30 45.77 0.00

1270.50 1244.25 1207.50 1102.50 971.25 840.00 708.75 551.25 393.75 236.25 78.75 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2489.46 2489.46 2297.64 2265.57 2021.09 1844.19 1700.43 1556.69 1403.13 1193.42 981.68 981.68

3889.90 3753.40 3509.80 2901.50 2161.30 2830.90 3850.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8510.22 8428.21 8174.05 7876.18 7279.28 5332.63 3141.77 5673.57 4345.56 2961.39 1575.19 987.97

8510.22 8428.21 8174.05 7876.18 7279.28 5332.63 3141.77 5673.57 4345.56 2961.39 1575.19 987.97

Factored

2607.60 2549.19 2467.40 2233.74 1941.66 1647.09 1376.33 1070.94 765.55 460.16 154.77 2.08

243.65 238.62 231.57 211.43 186.26 161.09 135.92 105.72 75.51 45.31 15.10 0.00

419.27 410.60 398.48 363.83 320.51 277.20 233.89 181.91 129.94 77.96 25.99 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

821.52 821.52 758.22 747.64 666.96 608.58 561.14 513.71 463.03 393.83 323.95 323.95

777.98 750.68 701.96 580.30 432.26 566.18 770.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3314.06 3269.25 3153.71 2976.33 2683.13 2127.78 1537.28 1872.28 1434.03 977.26 519.81 326.03

3314.06 3269.25 3153.71 2976.33 2683.13 2127.78 1537.28 1872.28 1434.03 977.26 519.81 326.03

Factored

2607.60 2549.19 2467.40 2233.74 1941.66 1647.09 1376.33 1070.94 765.55 460.16 154.77 2.08

243.65 238.62 231.57 211.43 186.26 161.09 135.92 105.72 75.51 45.31 15.10 0.00

419.27 410.60 398.48 363.83 320.51 277.20 233.89 181.91 129.94 77.96 25.99 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

821.52 821.52 758.22 747.64 666.96 608.58 561.14 513.71 463.03 393.83 323.95 323.95

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1555.96 1501.36 1403.92 1160.60 864.52 1132.36 1540.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2536.08 2518.57 2451.75 2396.03 2250.87 1561.60 767.28 1872.28 1434.03 977.26 519.81 326.03

2536.08 2518.57 2451.75 2396.03 2250.87 1561.60 767.28 1872.28 1434.03 977.26 519.81 326.03

Factored

2607.60 2549.19 2467.40 2233.74 1941.66 1647.09 1376.33 1070.94 765.55 460.16 154.77 2.08

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

972.48 938.35 877.45 725.38 540.33 707.73 962.50 0.00 0.00 0.00 0.00 0.00

1635.13 1610.84 1589.95 1508.36 1401.33 939.36 413.83 1070.94 765.55 460.16 154.77 2.08

1635.13 1610.84 1589.95 1508.36 1401.33 939.36 413.83 1070.94 765.55 460.16 154.77 2.08

Shear stress (tt,i)

fck = characteristic 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 Mpa
fcd = Design values 

of Compressive 

Strength = 

85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 Mpa

Torsional Moment in 

kN-m = TED =
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 kNm

FPLL (kN)

Section at

Distance from support

Special Vehicle (kN)

Total (kN)

VED  (kN)=

Special Vehicle (kN)

Combination 1 :- (DL + SIDL + WC + 3 Lane VLL/SPL VLL) - Shear Due to Prestress

VLL (kN)

VLL with congestion factor (kN)

Shear due to prestress (kN)

According to IRC:112-2020, CL:10.5.2.1 (1) & EN 1992-1-1 2004 CL 6.3.2, to find the "Design Torsional Shear Force"

Total (kN)

Rear Trolley (kN)

Shear per  Web

Shear per Inner Web

VED  (kN)=

Combination 1 :-  (DL + SIDL + WC + 4 Lane VLL) - Shear Due to Prestress

(as per Cl:10.3.2 (5) of IRC 112)

Dead Load (kN)

CB (kN)

Ultimate Shear Check due to external loads: 

WC (kN)

FPLL (kN)

Shear per Outer Web

Dead Load (kN)

CB (kN)

WC (kN)

Dead Load (kN)

CB (kN)

VED  (kN)=

VLL (kN)

Shear due to prestress (kN)

Special Vehicle (kN)

Total (kN)

VED  (kN)=

WC (kN)

Total (kN)

Dead Load (kN)

Shear due to prestress (kN)

Shear due to 

Torsion (As per 

Cl:10.5.2 of IRC 

112)

FPLL (kN)

VLL (kN)

Shear due to prestress (kN)
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u = perimeter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 m

Ac = Area of C/s 0.0 0.0 0 0.0 0.0 0 0.0 mm
2

teff,i = A/u 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 mm

Ak = Area within cl 

of walls =
15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 mm

2

End section
Running 

section
15452.0377

5253.83 5253.83

5673.27 5673.27
5673

2712

15452.04 15452.04

15953248 15953248

17063.57 17063.57

d 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 mm

τ t.i 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mpa

VEd,i 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 kN

Total Design shear 

Force= VEd + VEd,i
2978.4 2924.1 2861.0 2659.1 2401.6 1787.9 1122.9 1622.6 1159.9 697.2 234.5 3.1

kN

fck = characteristic 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 Mpa

fcd = Design values 

of Compressive 
85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 85.0 Mpa

Torsional Moment in 

kN-m = TED =
2053.80 2053.80 1895.55 1869.10 1667.40 1521.46 1402.85 1284.27 1157.58 984.57 809.88 809.88 kNm

teff,i = A/u 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 mm

Ak = Area within cl 

of walls =
15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 mm

2

End section
Running 

section
15452.0377

15953248.37 15953248.37

17063.57 17063.57

d 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 mm

τ t.i 0.069 0.069 0.064 0.063 0.056 0.051 0.047 0.043 0.039 0.033 0.027 0.027 Mpa

VEd,i 174.6 174.6 161.1 158.9 141.7 129.3 119.2 109.2 98.4 83.7 68.8 68.8 kN

Total Design shear 

Force= VEd + VEd,i
3488.6 3443.8 3314.8 3135.2 2824.9 2257.1 1656.5 1981.4 1532.4 1060.9 588.7 394.9

kN

Maximum Shear Per Web

2536.1 2518.6 2451.7 2396.0 2250.9 1561.6 767.3 1872.3 1434.0 977.3 519.8 kN

3488.6 3443.8 3314.8 3135.2 2824.9 2257.1 1656.5 1981.4 1532.4 1060.9 588.7 kNTotal Design shear Force in Outer web =

Total Design shear Force in Inner web =

Calculation of Ak and perimeter

5253.83
Area (Ak) =

Web length (mm) =

Bottom Length (mm) =

Calculation of Ak and perimeter

Area (Ak) =

Perimeter =

Top Length (mm) =

Perimeter =

5253.83

Combination 1 :- (DL + SIDL + WC + 4 Lane VLL/SPL VLL) - Shear Due to Prestress

Shear due to 

Torsion (As per 

Cl:10.5.2 of IRC 

112)

According to IRC:112-2020, Cl:10.5.2.1 (1) & EN 1992-1-1 2004 CL 6.3.2, to find the "Design Torsional Shear Force"

Shear stress (tt,i)
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10.1) Shear Capacity per Web

Outer Webs Inner Web

Section Web Width bw 300 300 mm

Section Web Depth hw 1724 2275 mm

Effective Section Depth d 1508.5 1990.625 mm

z 1357.65 1791.5625 mm

Axial Force in the cross-section NEd 76065 76065 kN

Design Shear Force VEd 3488.6 2536.1 kN

Section 6.2.1.2 ϒcf.ϒE 1.5 1.5

Elastic Modulus Ec 47270 47270 MPa

Characteristic compressive strength fck 150 150 MPa

θ 30 30 degrees

UHPFRC Contribution, V Rd,c

Area of cross-section of UHPFRC Ac 9558030 9558030 mm
2

Equation 6.203 σcp 7.96 7.96 MPa

Equation 6.202 k 1.16 1.16

Equation 6.205 VRd,c 925 1221 kN

Shear Rebar Contribution, V Rd, s

Spacing s 100 100 mm

Rebar Dia φ 0 0 mm

Number of legs Nlegs 1 1

C/S Area of shear reinforcement Asw 0.0 0.0 mm
2

Inclination of principal compression strut w.r.t. CG 

Longitudinal Axis of the section
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Design elastic limit of shear rebar fy,wd 435 435 MPa

Angle of 

Inclination of 

Stirrups on long. 

Axis

α 90 90 degrees

Equation 6.208 VRd, s 0 0 kN

Fibre Contribution

C/S Area of section Afv = bw x z 407295 537468.75 mm
2

Orientation factor associated with local effects Klocal 1.75 1.75 NF P18-470 UHPC

Orientation factor associated with global effects Kglobal 1.25 1.25 NF P18-470 UHPC

Characterstic post-cracking tensile strength fctfk/K.ϒcf 6.15 6.15 MPa

Characteristic value of the tensile yield strength fctk,el/ϒcf 6.15 6.15 MPa

Partial coefficient relating to the tensioned UHPC γcf 1.3 1.3

Maximum crack width w 0.3 0.3 mm

Post cracking along shear crack of inclination θ σRd, f 6.15 6.15 MPa

Equation 6.209 VRd, f 4339 5725 kN

Shear Strength= UHPFRC + Rebar + Fibre 1775

Shear Strength VRd 5264 6946 kN

VEd 3489 2536 kN

OK OK

Shear Resistance Limitation

αcc 0.85 0.85

ϒc 1.5 1.5

Factor 1 1.73 1.73

Factor 2 4.00 4.00

Factor 3 0.58 0.58

VRd, max 8652 11418 kN

VRd,Total 8652 11418 kN

D/C Ratio VEd/VRd,Total 0.403 0.222

Longitudinal tensile force due to strut action

Factor 4 1.15 1.15

Factor 5 1.73 1.73

Additional longitudinal tensile force (Eq 6.218) ΔFtd 2014 1464 kN
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Resistance to Shear Buckling ( As per cl. 509.4.2)

Shear resistance to Web buckling shall be verified, 

if, d/tw  > 67ε   for a web without stiffeners

ε = √250/fy = 1.715

67ε = 114.904

d/tw= 13.560

Verification of Shear Buckling Not Required

Kv = 5.35 When transverse stiffners are provided only at supports

Vn=Vcr

Vcr= Shear Force corresponding to Web buckling

τcre = Elastic Critical Shear Stress of the Web

τcre = Kvπ^2E

12(1-μ^2)(d/tw)^2

τcre = 1178.33 N/mm
2

Non Dimensional Web Slenderness ratio for shear buckling stress(λw)

λw= √fyw/(√3 * τcre)

λw= 0.20

Vcr= Av x τb

 τb= fyw/√3 if λw<0.8

(1-0.8(λw-0.8))*fyw/√3 if  0.8 <λw<1.2

fyw/(√3λw^2) if λw>1.2

Hence, τb = 49.07 N/mm
2

Vcr= 19987.91 kN > 3488.63 kN

Hence OK

Node Number 8 9 10 11 12 13 14 15 16 17 18 19

fck = characteristic 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 Mpa

fcd = Design values 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 Mpa
Torsional Moment in 

kN-m = TED =
1369.20 1369.20 1263.70 1246.06 1111.60 1014.30 935.24 856.18 771.72 656.38 539.92 539.92 kNm

teff,i = A/u 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 934.930 mm
Ak = Area within cl 

of walls =
15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 15953248 mm2

Shear due to 

Torsion (As per 

Cl:10.5.2 of IRC 

112)

Combination 1 :- (DL + SIDL + WC + 4 Lane VLL/SPL VLL) - Shear Due to Prestress

According to IRC:112-2011, Cl:10.5.2.1 (1) & EN 1992-1-1 2004 CL 6.3.2, to find the "Design Torsional Shear Force"

Shear stress (tt,i)
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End section
Running 

section
15452.0377

15953248.37 15953248.37

17063.57 17063.57

d 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 2712.0 mm

τ t.i 0.046 0.046 0.042 0.042 0.037 0.034 0.031 0.029 0.026 0.022 0.018 0.018 Mpa

VEd,i 116.4 116.4 107.4 105.9 94.5 86.2 79.5 72.8 65.6 55.8 45.9 45.9 kN

Web Area 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 630147.5 mm
2

Touv 0.185 0.185 0.170 0.168 0.150 0.137 0.126 0.115 0.104 0.089 0.073 0.073 Mpa

Tension due to torsion 0.369 0.369 0.341 0.336 0.300 0.274 0.252 0.231 0.208 0.177 0.146 0.146 Mpa

Perimeter =

Tension due to torsion =

5253.83

Sqrt(4 x Touv ^ 2)

Calculation of Ak and perimeter

Area (Ak) =
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Preliminary Design of Single 

pier with pile foundation 

supporting 8.5m deck. 



Design of Pier Substructure and Foundation for Piers between 50m and 50m Spans
The Substructure is proposed with single Rectangular Pier with Pier Cap.The Foundation is Pile Foundation.The PTFE bearings are proposed on Pier Cap.

Pier Sustructure is analysed for load combinations as per IRC :IRC 6 and Designed following IRC 112-2011 codal provisions

This Design note presents  design of Pier substructure and foundation for piers supporting 50m spans.

SCHEDULE OF LEVELS 

Sl.No PIER
FRL at edge of 

Median
EGL Cross Slope

Superstructure 

depth +Wearing 

Coat

PBTL PCTL
Total height of 

Pier (m)

1 P13 902.260 891.354 2.50% 2.764 899.1373 891.054 11.2060

2 P14 902.060 890.978 2.50% 2.764 898.9373 890.678 11.3820

3 P15 901.860 890.767 2.50% 2.764 898.7373 890.467 11.3930

4 P16 901.660 890.599 2.50% 2.764 898.5373 890.299 11.3610

6 P18 903.281 890.751 2.50% 2.764 900.1583 890.451 12.8300

7 P19 904.947 891.236 2.50% 2.764 901.8243 890.936 14.0110

8 P20 906.614 890.739 2.50% 2.764 903.4913 890.439 16.1750

9 P21 908.281 890.921 2.50% 2.764 905.1583 890.621 17.6600

10 P22 909.947 891.676 2.50% 2.764 906.8243 891.376 18.5710

11 P23 911.614 893.033 2.50% 2.764 908.4913 892.733 18.8810

12 P24 913.281 894.457 2.50% 2.764 910.1583 894.157 19.1240

13 P25 914.947 895.647 2.50% 2.764 911.8243 895.347 19.6000

14 P27 917.000 897.525 2.50% 2.764 913.8773 897.225 19.7750

15 P28 917.000 898.346 2.50% 2.764 913.8773 898.046 18.9540

0.75 2.3 2.3 0.75 mt

R1 R2 0.60

0.800

2.8 0.800 1.600

R3 R4

0.600

0.75 2.3 2.3 0.75

6.00 mt

Note:  1. From the above table, Pier P34 is critical, as the height of pier is more. Hence, design is carried out for P34, same details adopted for remaining piers in the group

Toawrds 50.00 m LEFT span

Toawrds 50.00 m RIGHT span
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914.2360 (BL)

913.8860 (PBTL)

1000

1600.000

0 0

2000.000

EGL = 897.525

PCTL= 897.225 0.3

2100

2100

895.125

10650 mm

        1 ) GENERAL DATA FOR DESIGN

Finished Road Level FRL = 917.000 m P26 Pier

Existing ground level EGL = 897.525 m

Pier Bottom level PCTL = 897.225 m

Pile Cap Bottom Level PCBL = 895.125 m

Bearing Level BL = 914.236 m

50.00 m span SSD = 2.712
m (Excluding wearing coat)

50.00 m span SSD = 2.712
m (Excluding wearing coat)

DATA FOR PIER DESIGN

Overall Span of the Bridge (Left Span) 50.00 m span = 50000 mm   

Effective Span of the Bridge (Left Span) 50.00 m span = 48400 mm

Overall Span of the Bridge (Right Span) 50.00 m span = 50000 mm

Effective Span of the Bridge (Right Span) 50.00 m span = 48400 mm

= 17000 mm

Width of Medain = 1000 mm

17011.000 mm

Width of pier at top (long) = 2200 mm

Length of pier at top (trans) 2000 mm

Pier Cap Width in Long Dir
n

. = 2800.000 mm

Pier Cap Length in Trans Dir
n

. = 6000.000 mm

Straight Depth of Pier Cap = 1500.0 mm PTFE Bearing  

Overall Width of Deck

Overall Heigth of Substructure (From Bearing Level to Pile Cap Top Level) =

Height of super structure at centre of median 

(LEFT Span)

Height of Super Structure at centre of median 

(RIGHT Span)
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Size of bearing  for (LEFT Span) 50.00 m span = 900 x 900 x 150 2 Nos

Size of bearing for (RIGHT Span) 50.00 m span = 900 x 900 x 150 2 Nos

Size of Pedestals for (LEFT span) 50.00 m span = 1200 x 1200 x 200 2 Nos

Size of Pedestals for (RIGHT span) 50.00 m span = 1200 x 1200 x 200 2 Nos

15161 mm (Max.Height)

Width Of Pile Cap = 10650 mm P

Length of Pile Cap = 5850 mm

Pile Cap Bottom Level = 895.125 m

Thickness of Pile Cap = 2100 mm

Thickness of Wearing coat = 52 mm

Constants

Density of concrete = 25 kN/m
3

Weight of wearing coat = 2 kN/m
2

Grade of Concrete for Pier Cap,Pier = M - 60 MPa.

Grade of Concrete for Pile and Pile Cap = M - 35 MPa.

Grade of Steel (substructure) = Fe - 550 MPa.

AS PER IRC6:2016, TABLE B.2, PAGE NO 93, THE LOAD FACTORS IS AS UNDER

For Verification of Structural Strength 

1) 1.35 1.35 1.35

2) 1.35 1.35 1.35

3) 1.75 1.75 1.75

4) 1.50 1.15 0.2

5) 1.50 1.15 0.2

6) 0.90 1.5 -

7) - - 1.5

B.1) DEAD LOAD FROM SUPERSTRUCTURE(From STAAD)

Unfactored Loads Unfactored Loads

R1 R2 R3 R4

Self Weight 3338.00 3338.00 DL 3333.00 3333.00

Crash 

Barrier+Median
282.20 282.20

SIDL
282.20 282.20

WC 374.60 374.60 WC 374.60 374.60

Total 4069.72 4069.72 Total 4064.72 4064.72

Left Span 50,m

VLL =

BRAKING FORCE =

WIND =

Seismic =

50.00 m RIGHT span50.00 m LEFT span

SW =

SIDL(W/o WC) =

WC =

Total straight Height of Pier (From Pier Cap bottom to Pier Bottom Level) =

Sl Nos Loads
VLL is Leading & 

Wind is accompanying

Wind is Leading & 

VLL is 

accompanying

Seismic is 

Leading & VLL 

is accompanying

Right Span- 50 m 
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Factored Loads Factored Loads

R1 R2 R3 R4

Self Weight 4506.30 4506.30 DL 4499.55 4499.55

Crash 

Barrier+Median 380.97 380.97 SIDL 380.97 380.97

WC 655.55 655.55 WC 655.55 655.55

FPLL 0.00 0.00 FPLL 0.00 0.00

TOTAL 5542.82 5542.82 TOTAL 5536.07 5536.07

8134.44KN eT 8134.44KN

R1/R3 2.3 m 0.000 2.3 m R2/R4

4.5 m

A B

= 2.250 m

= 2.250 m

Eccentricity eT= 0.000 m

MT= 0.00 KNm (Unfactored)

MT= 0.00 KNm (Factored)

Calcluation of Moment due to DL in Longitudinal Direction

eL = 0.8 m

eL = 0.800 m

Factored Longitudinal moment due dead load ML (Factored) = 8868.5 - 8857.71

= 10.8 kN-m

ML For Pier Cap Design= 5.40 (Factored) ML For Pier Cap Design= 4.00 (Unfactored)

ML For Pier Design 10.80 (Factored) ML For Pier Design 8.00 (Unfactored)

B.2) LIVE LOAD FROM SUPERSTRUCTURE
 Following Vehicular Live loads are considered-

(i).   2 Class A vehicle

(ii).  One 70RWL Vehicle

The variations of Live load combination is considered as per Table 2 of IRC 6-2017.

The reduction of longitudinal effect is considered as Cl:205 of IRC 6-2017 

RESULTS FROM STAAD- 50.00 m LEFT span RESULTS FROM STAAD- 50 m RIGHT span

Cg of Loads from B

50.00

50.00

Cakculation of Transverse Moment due to Dead load 

Cg of Loads from A
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For 4 lanes Reduction in longitudinal effect  = 20

As per Cl 208 IRC : 6-2014 L = 48.40 m L = 48.40 m

1) For Class A Vehicle, = 8.80%  (Cl:208.2) IF=4.5/(6+L) = 8.80%  (Cl:208.2)

2) For 70R Wheeled Vehicle = 8.80%  (Cl:208.2) L= Effective Span = 8.80%  (Cl:208.2)

Eccentricity in longitudinal direction = 0.8 mt

For  Four lanes 20 percent Reduction

Sl No Vehicle case R1(kN) R2(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1113.80 1410.80 891.04 1128.64 2019.68 0.800 1615.74 0.265 534.60

4 70RWL+70RWL 949.50 1353.30 759.60 1082.64 1842.24 0.800 1473.79 0.395 726.84

Summary of Reactions For Three Lanes: (From STADD Analysis)

For three lanes 20 percent Reduction

Eccentricity in longitudinal direction = 0.800 mt

Sl No
Vehicle case R3(kN) R4(kN)

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction) eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1113.80 1410.80 891.04 1128.64 2019.68 0.800 1615.74 0.265 534.60

4 70RWL+70RWL 949.50 1353.30 759.60 1082.64 1842.24 0.800 1473.79 0.395 726.84

Eccentricity in longitudinal direction = 0.8 mt

Sl No
Vehicle case R1(kN) R2(kN)

R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction) eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1015.79 1286.65 812.63 1029.32 1841.95 0.800 1473.56 0.26 487.56

4 70RWL+70RWL 865.94 1234.21 692.76 987.37 1680.12 0.800 1344.10 0.39 662.88

Sl No Vehicle case R3(kN) R4(kN)
R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1015.79 1286.65 812.63 1029.32 1841.95 0.800 1473.56 0.26 487.56

4 70RWL+70RWL 865.94 1234.21 692.76 987.37 1680.12 0.800 1344.10 0.39 662.88

Summary of Reactions  (From STADD Analysis)

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

2 2CA+2CA 626.00 352.10 604.50 340.00 500.80 281.68 483.60 272.00

4 70RWL+70RWL 689.50 253.70 659.50 242.70 551.60 202.96 527.60 194.16

For 50.00  m RIGHT spanFor 50.00m LEFT span

L= Effective 

Span

 d) Vehicular Live Load from Staad pro.for 50.00 m LEFT Span (Without impact Factor)

 c) Vehicular Live Load from Staad pro.for 50.00 m LEFT Span (Without impact Factor)

e) Vehicle on Both  spans; 

Impact Factor :

 b) Vehicular Live Load from Staad pro.for 50.00 m RIGHT Span (With impact Factor)

 a) Vehicular Live Load from Staad pro.for 50.00 m LEFT Span (With impact Factor)
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Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1538.08 0.800 21.50 0.63 969.12

1476.32 0.800 26.24 1.04 1534.68

f) Vehicle on Both span(Without impact Factor);

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

2 2CA+2CA 570.91 321.12 551.30 310.08 456.73 256.89 441.04 248.06

4 70RWL+70RWL 628.82 231.37 601.46 221.34 503.06 185.10 481.17 177.07

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1402.73 0.800 1122.18 0.63 883.84

1346.40 0.800 1077.12 1.04 1399.63

B.3 Braking Force ( As per cl 211.2, IRC: 6- 2016)

1.2 mt above road level

ML= HL x L.A

L.A = Lever Arm

48.40 m

1) FRL = 917.000 m

    Wearing coat = 0.052 m

2.712 m

L.A = 2.764 + 1.2 = 3.96 m

Sl No Vehicle case
1

st
,2

nd
 and 

3
rd

LANE in kN
3

rd 
LANE in kN

1
st
 & 2

nd 

LANE(20%) in kN

3
rd 

LANE(5%) 

in kN
Total HL in kN

ML=HL x L.A in 

kNm

2 2CA+2CA 1108.000 1108.000 110.800 55.400 166.200 658.817

4 70RWL+70RWL 1000.000 1000.000 200.000 50.000 250.000 991.000

Add Axial load(kN) Add Axial HL (kN) per HL (kN) per 

13.612 6.806 83.100 41.55

20.475 10.238 125.000 62.50

2) 

    Wearing coat = 0.052 m 48.4 m

2.712 m FRL = 917.000 m

L.A = 2.764 + 1.2 = 3.96 m

For 50.00m LEFT span

For 50.00  m RIGHT span

Effective span (L) = 

Braking force is acts at 

Depth of super structure=

Depth of super structure=

Effective span (L) = 

====
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Sl No Vehicle case
1

st
 & 2

nd
 LANE 

in kN
3

rd 
LANE in kN

1
st
 & 2

nd 

LANE(20%) in kN

3
rd 

LANE(5%) 

in kN
Total HL in kN

ML=HL x L.A in 

kNm

2 2CA+2CA 1108 1108.00 110.80 55.40 166.20 658.82

4 70RWL+70RWL 1000 1000.00 200.00 50.00 250.00 991.00

Add Axial load(kN) Add Axial HL (kN) per HL (kN) per 

13.61 6.81 83.10 41.55

20.48 10.24 125.00 62.50

Speciman calculation:

Additional axial load at bearing level= 110.8x(2.764+1.2)/48.4 9.075 kN

B.4 Friction Force (Normal Case): As per Cl.211.5.1.1 IRC:6-2016

Fixed Bearings : Fh - µ (Rg + Rq) or (Fh/2) + µ (Rg + Rq)

Fh  = Applied Horizontal Force Due to Braking Effect

µ  = Co-efficent Friction 0.05 For Surface between PTFE and Steel

Rg  = Reaction @ Free End due to Dead load

Rq  = Reaction @ Free End due to Live load

Free Bearings : µ(Rg+Rq)

µ  = Co-efficent Friction 0.05

Rg  = Reaction @ Free End due to Dead load

Rq  = Reaction @ Free End due to Live load

(one Span loaded case) (With impact Factor):   Horizontal Force @ Bearing Level

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

µ (Rg + Rq) per 

Bearing

µ (Rg ) per 

Bearing

2 2CA+2CA 0.00 0.05 8139.44 2019.68 253.9780 203.486

4 70RWL+70RWL 0.00 0.05 8139.44 1842.24 249.5420 203.486

(one Span loaded case) (With impact Factor):   Horizontal Force @ Bearing Level

Sl No Vehicle case Fh µ Rg Rq

Fh+ µ (Rg + Rq) 

per Bearing

2 2CA+2CA 166.200 0.050 8139.440 2019.680 337.078

4 70RWL+70RWL 250.000 0.050 8139.440 1842.240 374.542

B.5. Centrifugal Force Due to Curvature effect (As per Cl.212.2),IRC:6-2016

The centrifugal Force shall be considered to act at a height of 1.2mt above road level

C=W V
2
/127R

Where 

R=Radius of curve= 310 mt

V=speed in kmph= 0.00 kmph

w=Total Vehicular Live Load in kN=

Centri Fugal Force is acts at 1.2 mt above road level

MT= HT x L.A effective span = R4(kN) mt

L.A = Lever Arm

FRL        = 917.000

674.16

For 50.00m LEFT span

507.96

507.96

749.08

499.08

Fh+µ (Rg + Rq) @ Fixed Bearing

 µ (Rg + Rq) @ Free Bearing

For 50.00  m RIGHT span

====
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    Wearing coat    = 0.0520 mt

Depth of super structure= 2.712 mt

L.A = 2.764 + 1.2 = 3.964 mt

2 2CA+2CA 2216.000 0.00 0.00 0.00 0.00 0.00

4 70RWL+70RWL 2000.000 0.00 0.00 0.00 0.00 0.00

B.6 Wind load calculation as per IRC 6:2016 Cl:209

Wind Speed at the Project Site 33 m/s

Avg Ht of the deck above EGL 20.475 m (ht of superstr+1m Crash barrier)

Type of Terrain Since the Grade separator is inside the city with well developed Buildings.

Height Pz

Upto 10 0.1905

15 0.2305

20 0.2650

20.475 m 0.268

Pressure as per table 0.268 kN/sqm FRL 917.000

Pressure as per table, corresponds to basic wind speed of 33 m/s

Design wind pressure =( wind speed at site^2/33^2) x Wind pressure corresponding to 33 m/sec

Deisgn wind pressure = 0.2682775x(33^2/33^2= 0.268 kN/sqm

Design Pressure Pz= 0.268 kN/sqm GL 897.525

Wind Force in Transverse direction = Pz X A1 X G X Cd

G = gust factor = 2.00

Cd = drag coeff = 1.1 for Slab bridges with b/d>10

1.5 for Box/single beam b/d 2

1.3 for Box/single beam b/d> 6

2.25 for 2 or more Box/ beam b/d 2

1.95 for 2 or more Box/ beam b/d > 6

2.20 for single plate girder

2(1+c/20d) for multiple plate girders C= Centre to centre distance of adjacent girders = 2.25 m d = 2.764 m

Cd = 1.3 Corresponding to Box Girder

Wind on Superstructure :

Wind Force in Transverse direction = Pz X A1 X G X Cd

Length of span from Centre to centre of Expansion Joint = 50 m Length of span from Centre to centre of Expansion Joint = 50 m

Effective Span = 48.4 m Effective Span = L = 48.40 m

Width of Deck = 17 m Width of Deck = 17 m

Superstructure Depth 2.764 m Superstructure Depth 2.764 m

 SSD= 2.764 m Total depth SSD = 2.764 m

 CBD= 1.00m 3.764 m CBD= 1.000 m 3.764 m

Area of Superstructure = 3.764 x 50.000 188.200 Area of Superstructure = 3.764 x 50.000 188.200

Force in Transverse direction = Pz X A1 X G X Cd Force in Transverse direction = Pz X A1 X G X Cd

FT = 0.268x188.2x2x1.3 131.27 m
2

FT = 0.268x50x2x1.3 131.27 m
2

For 50.00m LEFT span

Sl No Centrifugal ForceVehicle case
Tot. Vehi Live 

Load  in kN

Wind Force in Transverse direction = Pz X A1 X G X Cd

Total depth =(Superstucture Depth + Crash 

barrier height (1m) )

Total HT in kN
Add Axial 

load(kN)
HT/Trestle (kN)

MT=HT x L.A in 

kNm

Terrain with obstructions

For 50.00  m RIGHT span
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L.A = 3.764 /2 = 1.882 m L.A = 3.764 /2 = 1.882 m

= 247 KNm = 247   KNm

MT Bearing Level / span = 124 KNm MT Bearing Level / span = 124   KNm

Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 123.53/4.5 27.451 kN Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 123.53/4.5 27.451 kN

Horizontal Force @ Bearing level  per span = = 65.637 kN Horizontal Force @ Bearing level  per span= 65.637 kN

Force in long dir
n
 = 0.25 times FT = 32.818 kN Force in long dir

n
 = 0.25 times FT = 32.818 kN

Add
n 

axial load  = 32.82/48.4 = 1.3 kN Add
n 

axial load  = 32.82/48.4 = 1.28 kN

27.451 KN R2 27.451 KN

R1 0.00 KN R3 0.00 KN

R4 R7 R8

0.0 m 0.00 KN 27.45 KN 0.00 m 0.00 KN 27.45 KN

2.25 m R2 2.25 m R4

Wind Force on Vertical (+/-)  Wind Force on Vertical (+/-)  

Fv = Pz X A3 X G X CL ( As per IRC 6-2017,Cl:209.3.5) Fv = Pz X A3 X G X CL ( As per IRC 6-2017,Cl:209.3.5)

A3   = Area of Superstructure (plan area) 50.0 x 17.0 A3   =Area of Superstructure (plan area) 50.0 x 17.0

A3   = 850.000 m
2

A3   = 850.0 m
2

CL = lift coeff = 0.750 for Slab/ box/ I girders and plate girders CL = lift coeff = 0.750

Fv = 0.268x850x2x0.75 = = 342.1KN Fv = 0.268x850x2x0.75 = = 342.1KN KN

Fv/ one side  = = = 171.0KN Fv/ one side  = = 171.0KN

171.027 = 85.5KN Vertical Force per Bearing = 171.03 = = 85.5KN

2 2

Wind on Live Load  :

Force in Transverse direction = Pz X A1 X G X Cd Force in Transverse direction = Pz X A1 X G X Cd

Ht of super structure +Crash Barrier  = 3.764 m Ht of super structure +Crash Barrier  = 3.76 m

Ht of vehicle considerded above Crash barrier= =3-1 2.0 m Ht of vehicle considerded above Crash barrier= 2.0 m

Area of Superstructure 2 x 50.0 = 100.0m2 Area of Superstructure A1 = 2 x 50.0 = 100.0m2

Cd = 1.2 Cd = 1.2

L.A = 2.000 /2 + 3.764  = 4.764 m L.A = 2.000 /2 + 3.764  = 4.764 m

FT = 0.268x100x2x1.2 = 64.39KN FT = 0.268x100x2x1.2 = 64.39KN

64.39KN

L.A = 4.764 m L.A = 4.764 m

MT= 64.387 x 4.764 = 307 KNm MT= 64.387 x 4.764 = 307 KNm

MT Bearing Level / span = 153 KNm MT Bearing Level / span = 153 KNm

153.37/4.5 = 34.1KN Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 153.37/4.5 = 34.1KN

Horizontal Force @ Bearing level per span = = 32.2KN Horizontal Force @ Bearing level  per span = = 32.19KN

Force in long dir
n
 = 0.25 times FT = 16.1KN Force in long dir

n
 = 0.25 times FT = 16.10KN

Add
n 

axial load  = = 0.8KN Add
n 

axial load  = 0.25x153.37/48.4 = 0.79KN

34.082 KN R2 34.082 KN R7

MT Bearing Level due to  50.00 m span

MT Bearing Level due to  50.00 m span

MT Bearing Level due to  50.00 m span

Vertical Force per Bearing = =

0.25x153.37/48.4

For 50.00  m RIGHT span

For 50.00 m span

Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  =

MT Bearing Level due to  50.00 m span MT Bearing Level due to  50.00 m span

For 50.00m LEFT span

MT Bearing Level due to  50.00 m span

MT Bearing Level due to  50.00 m span

For 50.00 m span

MT Bearing Level due to  50.00 m span
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R1 0.00 KN R3 0.00 KN

R4 R8

0.0 m 0.00 KN 34.08 KN 0.00 m 0.00 KN 34.08 KN

2.25 m R2 2.25 m R4

Summary of  wind force at bearing level :

Sl No HT (kN)
HT / Bearing 

(kN)
HL (kN)

HL / Bearing 

(kN)

Vertical 

Force(kN) / 

One side of 

span

Vertical 

Force(kN) / 

Bearing

1 97.83 48.92 24.5 12.23 234.6 117.31

2 65.64 32.82 16.4 8.20 199.8 99.88

3 97.83 48.915 24.5 12.229 234.6 117.314

4 65.64 32.818 16.4 8.205 199.8 99.877

DESIGN OF PIER CAP:

Distance from Face of Beam  to cg of load a = 1250.00 mm 50.00 m span = 1

Thickness of corbel//Pier beam at face h = 1600.000 mm

Effective depth of corbel/Pier beam d' = 1492.000 mm 50.00 m span = 1

d = 1193.600 (0.8d')

Thickness of Pier beam at end S = 1000.000 mm

Eff. width of beam b = 2800.000 mm

Checks actual

If a/d' <= a/d' = 0.838 Vu/bd <= 0.15fc 3.878 < 9.000 safe

Since a/d' < 1, Design as beam

R1/R3 0.0 Lever Arms w.r.t face of pier

0.0 L.A6= 0.000 m

750.0 1250.0 L.A2= 0.000 m

1250.00 6000.00 mm L.A3= 1.250 m

L.A1= 1.250 m

1000 1.405 m 1.14

1524 1600 mm Face of Pedestal-1

 ' d '

80.0 kN/m

0.60 m 98.4 kN/m

112 kN/m

-0.27 m 2000.00 mm 12.0 kN/m

2000.00 70 kN/m 1.35 0

Pier Width 1.20 2.00

Pier Beam width = 2800 mm 0.65

Total length of Pier beam = 6000 mm 0.48

Pier Width   = 2000 mm Pier Beam Loading

Summary of Forces on Pier Cap (Pier Beam) (TABLE No -1)

 Wind on loaded structure from 50.00m span (One side of RIGHT span)

Load case

1) Forces on Pier Cap due to Dead load 

Loads for Factored Combination

 Wind on Unloaded structure from 50.00m span (One side of RIGHT span)

 Wind on Unloaded structure from 50.00m span (One side of LEFT span)

 Wind on loaded structure from 50.00m span (One side of LEFT span)

1.0    Design as a Corbel

Loads for Frequent combinationLoads for Rare combination

No of Bearings on Cantilever Portion 

of Beam from RIGHT 

No of Bearings on Cantilever Portion 

of Beam from LEFT 

Pedestal Loading
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P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

R1 5542.82 5.40 6928.53 4069.72 4.00 5087.15 4069.72 4.00 5087.15

R3 5536.07 0.00 6920.09 4064.72 0.00 5080.90 4064.72 0.00 5080.90

Dead Load from 

superstructure w.r.t to 

face of Pedestal-@ 

(R1 +R5)

R1+R3 11078.89 5.40 6647.33 8134.44 4.00 4880.66 8134.44 4.00 4880.66

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

R1 1336.56 1069.25 1670.70 891.04 712.83 1113.80 668.28 534.62 835.35

R3 1336.56 1069.25 1670.70 891.04 712.83 1113.80 668.28 534.62 835.35

VLL (One Span) w.r.t 

face of Pedestal@ 
R1 1336.56 1069.25 801.94 891.04 712.83 534.62 668.28 534.62 400.97

R1 1118.40 38.88 1398.00 745.60 25.92 932.00 559.20 19.44 699.00

R3 1069.80 0.00 1337.25 713.20 0.00 891.50 534.90 0.00 668.63

2188.20 38.88 1312.92 745.60 25.92 447.36 559.20 19.44 335.52

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

15.36 742.89 19.20 10.24 495.26 12.80 7.68 371.44 9.60

15.36
668.60

9.21 10.24 445.73 12.80 7.68 334.30 9.60

15.36 1095.54 19.20 10.24 730.36 12.80 7.68 547.77 9.60

15.36
985.98

9.21 10.24 657.32 6.14 7.68 492.99 4.61

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

245.70 226.76 182.00 167.97 182.00 182.00

153.41 97.73 113.64 0.00 72.39 113.64 0.00 72.39

Type of Loads

Braking and Frictional Force at Bearing level (LEFT From 33.4m span)

Pier Beam w.r .t face of Pier

Loads for Rare combination

Loads for Factored Combination

Braking force w.r.t face of Pier (R1)

Braking and Frictional Force at Bearing level (RIGHT From 33.4m span)

Loads for Factored Combination

VLL (One Span) w.r.t 

face of Pier

Type of Loads

Loads for Rare combination

VLL (Both Span) 

w.r.t face of Pier 

Type of Loads

Loads for Frequent combination

Pier Beam w.r .t face of Pedestal

Dead Load from 

Superstructure w.r.t to 

face of Pier

2) Forces on Pier Cap due to Vehicular Live load 

VLL (Both Span) w.r.t face of Pedestal-

(R1+R5)

4) Force due to Self Weight of Pier Beam and Pedestal 

Braking force w.r.t face of Pedestal@ (R1)

Braking force w.r.t face of Pier (R3)

Force due to Self Weight of Pier Beam

Loads for Frequent combination

Loads for Frequent combinationLoads for Rare combinationLoads for Factored Combination

Type of Loads

3) Forces on Pier Cap due to Braking Force and Frictional Force

Braking force w.r.t face of Pedestal@ (R3)
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19.44 24.30 14.40 0.00 18.00 14.40 0.00 18.00

19.44 11.66 14.40 0.00 8.64 14.40 0.00 8.64

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

49.41 113.18 452.74 32.94 75.46 301.82 27.45 62.88 251.52

49.41 107.42 429.70 32.94 71.62 286.47 27.45 59.68 238.72

61.35 97.27 389.06 40.90 64.84 259.37 34.08 54.04 216.15

61.35 94.44 377.76 40.90 62.96 251.84 34.08 52.47 209.87

153.92 0.00 192.41 102.62 0.00 128.27 85.51 0.00 106.89

153.92 0.00 92.35 102.62 0.00 61.57 85.51 0.00 51.31

Comb:-1 DL+VLL (Braking,Centrifugal,Frictional Force)+Wind Load (VLL One Span Condition)

Comb:-2 DL+VLL (Braking,Centrifugal,Frictional Force)+Wind Load (VLL Both Span Condition)

Summary of Forces (TABLE No -2) (Combination 1)

P (Shear) in kN
ML (Torsion) in kN-

m
B.M in kN-m P (Shear) in kN

ML (Torsion) 

in kN-m
B.M in kN-m P (Shear) in kN

ML (Torsion) in 

kN-m
B.M in kN-m

Factored Combination
12960.6 2380.63 16823.8 12868.3 2262.5 8467.7 12753.4 1404.9 -2681.0

Rare Combination 9408.57 1587.49 12170.09 9340.21 1508.73 6108.99 9255.07 224.18 -1976.41

Frequent Combination 9153.84 1203.31 11787.56 9085.48 1143.76 5872.16 9000.34 179.71 -1998.48
Quasi Permanent 

Combination 8330.84 4.00 10354.02 11251.74 5.40 6756.72 8177.34 4.00 -2224.47

Summary of Forces (TABLE No -3) (Combination 2)

P (Shear) in kN
ML (Torsion) in kN-

m
B.M in kN-m P (Shear) in kN

ML (Torsion) 

in kN-m
B.M in kN-m P (Shear) in kN

ML (Torsion) in 

kN-m
B.M in kN-m

Factored Combination
13812.3 2093.15 17888.3 13720.0 1900.7 8978.7 12535.24 374.55 -2621.26

Rare Combination 9976.33 900.58 12879.79 9194.77 821.82 6021.73 9109.63 250.10 -1936.56

Frequent Combination 9579.66 688.12 12319.83 8976.40 628.58 5806.71 9170.86 199.15 -2045.20

Force due to Self Weight of Pedestal

Pier Cap Forces  w.r.t face of Pier

Loads for Frequent combination

Pedestal w.r.t to face of Pedestal-@ (R1+R3)

Pedestal w.r.t to face of Pier @ (R1+R3)

Wind on Live Load    w.r.t face of Pedestal-

@ (R1+R3)

Verticle wind load  per Bearing w.r.t face of 

Pedestal-@ (R1+R3)

Verticle wind load  per Bearing w.r.t face of 

Pier @ (R1+R3)

5) Forces due to Wind on Pier Cap

Wind on Live Load  w.r.t face of Pier @ 

(R1+R3)

Vertical force due to Wind 

Loads for Factored Combination

Wind Forces on Live Load

Wind on Super Structure  w.r.t face of 

Pedestal-@ (R1+R3)

Wind Forces on Super structure

Wind on Super Structure  w.r.t face of Pier @ 

(R1+R3)

Load Combinations:

Type of Loads

Pier Cap Forces  w.r.t face of Pier

Pier Cap Forces  w.r.t face of Pedestal @ (R1+R5)

Load Combination

Pier Cap Forces  w.r.t 'd' from face of PierPier Cap Forces  w.r.t face of Pedestal @ (R1+R5)

Loads for Rare combination

Pier Cap Forces  w.r.t 'd' from face of Pier

Load Combination
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Quasi Permanent 

Combination 8330.84 4.00 10354.02 8262.48 4.00 4961.69 8177.34 4.00 -2224.47

1) DESIGN OF PIER CAP

Grade of concrete   = M60

Grade of steel   = Fe550

Q      = 0.133 fck (for Fe 500)

Q     = 7.98 N/mm2

Design Moment = 17888.32 kNm (Combination 2) Table 3 Clear Cover = 40 mm

Effective Depth Reqd "deff" = M Bar Dia = 32 mm

Q x B

deff reqd: = 17888.32 x 1000000

7.98 x 2800

= 894.76 mm < 1524.00 mm O.K

deff provided = 1600  - 40  - 20.0 = 1524.00

Area of steel required   (Ast )  = (50*fck/fy)*(1-sqrt(1-(4.5*Mu/(fck*b*d
2
))))*b*d/100

. 
.
 . Ast reqd = mm

2

Ast reqd for launching Girder case = mm
2

As1 = 804.2 mm
2

No of bars Reqd: = 27163.3 33.77 40 Nos

804.2

Spacing of Bars = 2800 = 70.00 mm

40

So provide 32 mm dia bars , 70 mm c/c spacing  in 2 layer of 20 Nos

Ast Provided 32169.9 mm
2

Compression reinforcement 25 mm dia bars , of 20 Nos

1) Stress Check Calculation As per IRC 112-2011 (Quasi Permanent Combination-Table No B.3 of IRC6-2016)

Width of pier beam = b=

Thickness of Beam (mm) h =

Dia of main Bar (mm)

Effective Depth (deff) mm L.A= d - Xu/3

Max Moment (kN-m) Stress in Steel = M/ ( Ast xL.A)

Stress in concrete= M/ ( 0.5.Xu.b.(L.A)

a 1400.00

b Xu
2 

/2  =m Ast (d-Xu) b 401689.13

c -612174236

Xu 1 = 533.18

Stress in Steel (N/mm2) Xu 2= -820.11

Permissible stress in steel

Check for stree in steel

Stress in Concrete (N/mm2)

Permissible stress in concrete 22

440

Hence OK

13.19

m  =  α  = Es/Ecm

L.A (mm) = 1346.27

305.95

(Ref Table No-2 and 3)

12.49

32170

Check for Serviceability Limit State

27163.30

1524

16017

2800

Ast pro (mm2)

1600

13250.61

Es (N/mm
2
) 200000

32

XU (mm)  = 533.18

Ecm (N/mm
2
)

26469.36
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Check for stree in concrete

2) Crack Width Calculation As per IRC 112-2011 (Quasi Permanent Combination-Table No B.3 of IRC6-2016) (As per IRC 112-2011, Cl:12.3.4)

(Ref Table No-2 and 3)

ssc  (N/mm
2
)

2.5 (h - d)

(h - Xu/3) 

h / 2

k1  =

k2  =

Spacing 5( c + F/2) =

Case(i) Sr.max (mm)=

Case(ii) Sr.max (mm) =

3) Stress Check for Provided Steel (Rare Combination) (As per Table No B.3 of IRC6-2016)

Width of pier beam = b=

Thickness of Beam (mm) h =

Dia of main Bar (mm) L.A= d - Xu/3

Effective Depth (deff) mm

Stress in Steel = M/ ( Ast xL.A)

Max Moment (kN-m) (Combination 2) Table 3 Stress in concrete= M/ ( 0.5.Xu.b.(L.A)

a 1400.00

b Xu
2 

/2  =m Ast (d-Xu) b 401689.13

225.96

0.8

Ecm (N/mm
2
) 16017

fct,eff (N/mm
2
)

Sr.max (mm) =

Hence OK

0.0013

Wk (mm) = 0.292

m  =  α  = Es/Ecm 12.49

Xu (mm)

3.3

hc,eff least of

190.0

esm - ecm     =

1422.3

800.0

0.5
IRC 112-2011

rP,eff   = 0.0605

esm - ecm     =

≥ 0.0009

0.0013

Es (N/mm
2
)

533.18

305.95

kt   = 0.5

h (mm) 1600.00

Es (N/mm
2
)

Ac,eff = b*hc,eff (mm
2
)

1386.86

Spacing of Bars (mm) 140

Max Moment (kN-m) 13250.61

Check for Crack Width

Ast pro (mm2)

73.64

280.00

225.96

532000.00

200000

Ast pro As (mm
2
) 32169.91

Cmin (mm) 40

acr (mm)

d (mm) 1524.00

Hence OK

Dia of main Bar (mm) 32

32170

13250.61

16017

200000

1600

1524

2800

32

Ecm (N/mm
2
)
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c -612174236

Xu 1 = 533.18

Xu 2= -820.11

Stress in Steel (N/mm2)

Permissible stress in steel

Check for stree in steel

Stress in Concrete (N/mm2)

Permissible stress in concrete

Check for stree in concrete

4) Deflection Check (By Freqent Combination-Table No B.3 of IRC6-2016)

Deflection =  P*l
3

 / 3EI

I = M.I = bD
3
/12 = 9.55733E+11 mm2

Ec,eff = Ecm / (1+ ø)

Ecm = 37000 MPa ( as per IRC-112, table-6.5 )

P = 9579.66 KN

As per IRC:112-2011, table-6.9, for RH-80%, & 28 days age loading L = 1.25 m

ø 1= 1.7 for 150

ø 2= 1.5 for 600

ø = 1.31 for 1018 2Ac/u  = 1018.18

Ec,eff = 16017.32

deflection = 0.41 mm

For cantiliver, as per IRC-112:2011, Cl:12.4.1(2)

δ = span / 300 4.17 mm

> 0.41 Hence OK

Check for Shear (As per Cl 10.3 of IRC 112-2011)

pedestal size= 1.20 x 1.20 x 0.20 mt

R1/R3 0

750 1250.0 0

0.0 6000 mm

1000 1142.8

1600 mm

1405.0

1350 2000.00

1524.0 2000.00 mm

Check for Shear at the face of Pedestal @ (R1+R3)

2800 mm

1405.0 mm

1297.0 mm

(Ref Table No-2 and 3)

Widh of Pier Cap (B) =

L.A (mm) =

 For Cantiliver Slab 

Depth at face of Pedestal (D)=

Effective depth at face of Pedestal (d)=

m  =  α  = Es/Ecm

Hence OK

29

13.19

479

1346.27

305.95

Hence OK

12.49

XU (mm)  = 533.18
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Total Shear force at face of Pedestal = 13720.0 KN (Combination 2) Table 3

Moment at face of Pedestal (MT) = 8978.7 KNm (Combination 2) Table 3

Effect of Torsion 

According to IRC:112-2011, Cl:10.5.2.1 (1), to find the "Design Torsional Shear Force"

Shear stress (tt,i)

TEd = 2262.5 kN-m (Combination 1) Table 2

A = 3934000.0 mm2

U = 8410.0 mm

tef,i = 467.78 mm

Ak = 2185814.8 mm2

Zi = 2800.0 mm

tt,i = 1.1 N/mm2

Design torsional shear force (VEd,i)

VEd,i = tt,itef,iZi

= 1.11 x 467.78 x 2800

= 1449113.09 N

= 1449.11 kN

Total shear force (VNS) = 13,719.98 + 1,449.11

= 15169.09 kN

Shear due to depth of Varying section

(From IS 456-2000 Cl:40.1.1) Shear due to Beams of Varying depth = Mu x tan β

d

1350.0

β

405 β  = 0.29

tan β  = 405.00 = 0.30

1350.00

Mu  = 8978.7 KNm (Combination 2) Table 3

(From  IS 456-2000 Mu x tan β = 2076.79 KN

d

Resultant Shear Force  = VEd-Mu x tan β/d   = 13092.30 kN
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Check for V Rd.c (As per Cl 10.3.2 of IRC 112-2011)

ρ1  = 0.009

= 0.009

K = 1.39

NEd = 0.00 KN

Ac = 3934000.0 mm
2

σp  = 0.00 N/mm
2

VRd.c = 2850.68 kN

VEd  = 13092.30 kN

VRd.c < VEd  

Hence Shear Reinforcement Required

As per A4.6.1, eq A4.5, IRC:112-2011,

VNS = (ASW / S) * z * fywd * cot θ

fywd = 435.00 N/mm
2

= (ASW  * z * fywd * cot θ / VNS

= 171 mm

Assuming

Hence proved 14 L Y - 20 @ 140 mm c/c

Check for crushing of concrete (As per Cl 10.3.3.2 of IRC 112-2011)

VRD.max = αcw * bw * z * vi * fcd / (cotθ + tanθ)

VRD.max = Crushing of compressive force for concrete

αcw = 1

bw = 2800 mm

vi = 0.48 v=0.6*(1-fck/310)

fcd = 26.76 N/mm2

Z = 1167.300 mm

At the face of Pedestal @ (R1+R3)

Spacing (S) required
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VRD.max = 21160.5 > 14262.2 kN

Hence Safe

Combined Check for Torsion and Shear (As per Cl 10.5.2 (4) of IRC 112-2011)

TRd.max = 2v * αcw * fcd * Ak * tef.i * sinθ * cosθ

TEd = 2262.49 kN-m (Combination 1) Table 2

TRd.max =

VEd = 13719.98 kN (Combination 2) Table 3

VRd.max = 21160.51 kN

v = 0.48

TRd.max =

Ak = 2185814.81 mm2

A= 3934000.00 mm2

u = 8410.00 mm

tef.i = 467.78 mm

TRd.max = 13235.37 kN-m

(TEd / TRd.max) + (VEd / VRd.max) ≤ 1.0 = 0.819

Hence Safe

Torsional Reinforcement (As per Cl 10.5.2 (5) of IRC 112-2011)

Ak  = 2.19 m2

Ted
 
  = 2262.49 kN-m (Combination 1) Table 2

uk  = 6.54 m

fyd  = 478.26 N/mm2

TEd * cotθ * uk

2Ak * fyd

2,262.49x cot (1) x 6.54

2 x 2.19x47,82,60,869.57

0.0071 m2

7075.93 mm2

However, same shall be compared w.r.t Launching girder erected case and reinforcement corresponding to maximum of 2 conditions shall be provided.

AsL required for Launching girder case = 30001.17

Required Longitudinal reinforcement will be distributed on 4 faces

Ast per face = 7500.292068

Hence Provide Y - 25 16 Nos

At the face of Pedestal @ (R1 +R3) 

At the face of Pedestal @ (R1+R3)

(b-tef,i) x (D-tef,i)

Σasl  =

Σasl  =
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Summary of Pier Cap Design:

1 pier cap size  = 6000 x 2800 x 1600 / 1000.0 mm

2 Grade of concrete  = M - 60

3 Grade of steel  = Fe - 550

4 32 40 Nos

4a Y 25 20 Nos

5 Vertical stirrups  = 14 L - Y 20 140 c/c

6a Vertical stirrups  = 0 L - Y 0 140 c/c

6 Torsional Reinforcement Y 25 16 Nos on either side of Pier beam in Transverse Direction

3 ) DESIGN OF PIER
Forces at Base of the pier and Foundation bottom:

Sl No Vehicle case R1(kN) R2(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1015.79 1286.65 812.63 1029.32 1841.95 0.80 1473.56 0.26 487.56

4 70RWL+70RWL 865.94 1234.21 692.76 987.37 1680.12 0.80 1344.10 0.39 662.88

Sl No Vehicle case R3(kN) R4(kN)
R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

2 2CA+2CA 1015.79 1286.65 812.63 1029.32 1841.95 0.80 1473.56 0.26 487.56

4 70RWL+70RWL 865.94 1234.21 692.76 987.37 1680.12 0.80 1344.10 0.39 662.88

iii) Vehicle on Both Spans(without imact factor):

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

2 2CA+2CA 570.91 321.12 551.30 310.08 500.80 281.68 483.60 272.00 1538.08

4 70RWL+70RWL 628.82 231.37 601.46 221.34 551.60 202.96 527.60 194.16 1476.32

eL (mt) ML (kNm) eT (mt) MT (kNm)

0.8 21.504 0.630 969.12

0.8 26.240 1.040 1534.68

i) Vehicle on one span for 50.00 m LEFT Span) (Without impact Factor)

ii) Vehicle on one span for 50.00 m RIGHT Span) (Without impact Factor)

Tension Reinforcement in Transverse 

Direction =

Compression Reinforcement in 

Transverse Direction =

iv A )Braking force from 50.00 m LEFT Span
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Sl No Vehicle case
1st,2nd and 

3rdLANE in kN
3rd LANE in kN

1st & 2nd 

LANE(20%) in kN

3rd LANE(5%) in 

kN
Total HL in kN

HL per Trestle 

(kN)

L.A For Pier 

Base

2 2CA+2CA 1108.00 1108.00 110.80 55.40 166.20 83.10 17.01

4 70RWL+70RWL 1000.00 1000.00 200.00 50.00 250.00 125.00 17.01

ML @ pier base LA for Found
n 

ML @ Found
n Add Axial load(kN)

1413.61 19.11 1588.12 29.207

2126.37 19.11 2388.87 43.933

Sl No Vehicle case
1st,2nd and 

3rdLANE in kN
3rd LANE in kN

1st & 2nd 

LANE(20%) in kN

3rd LANE(5%) 

in kN
Total HL in kN

HL per Trestle 

(kN)

L.A For Pier 

Base

2 2CA+2CA 1108.00 1108.00 110.80 55.40 166.20 83.10 17.01

4 70RWL+70RWL 1000.00 1000.00 200.00 50.00 250.00 125.00 17.01

1413.61 19.11 1588.12 29.207

2126.37 19.11 2388.87 43.933

iv A)Longitudinal Effect:(Frictional force) (From 33.4m LEFT span)

(one Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (Single Span)

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing

2 2CA+2CA 0.00 0.05 8139.44 2019.68 507.96

4 70RWL+70RWL 0.00 0.05 8139.44 1842.24 499.08

406.97

L.A For Pier Base ML @ pier base
LA for Found

n 

Bottom
ML @ Found

n
 base µ Rg

17.01 8640.84 19.11 9707.55 406.972

17.01 8489.92 19.11 9537.99 406.972

B)Longitudinal Effect:(Frictional force) (From 33.4m LEFT span)

(Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (Single Span)

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
L.A For Pier Base ML @ pier base

LA for Found
n 

Bottom

ML @ Found
n 

base

2 2CA+2CA 0.00 0.05 8139.44 713.62 442.65 17.01 7529.97 19.11 8459.54

4 70RWL+70RWL 0.00 0.05 8139.44 688.16 441.38 17.01 7508.31 19.11 8435.21

ML @ Foundn 

base

iv B)Braking force from 50.00 m RIGHT Span

LA for Foundn 

Bottom
Add Axial load(kN)ML @ pier base
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B)Longitudinal Effect:(Frictional force) (From 33.4m RIGHT span)

(One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

2 2CA+2CA 166.20 0.05 8139.44 2019.68 674.16

4 70RWL+70RWL 250.00 0.05 8139.44 1842.24 749.08

L.A For Pier Base ML @ pier base
LA for Found

n 

Bottom
ML @ Found

n
 base µ Rg

17.01 11468.07 19.11 12883.80 406.972

17.01 12742.67 19.11 14315.74 406.972

C)Longitudinal Effect:(Frictional force) (From 33.4m RIGHT span)

(Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

L.A For Pier Base ML @ pier base
LA for Found

n 

Bottom

ML @ Found
n 

base

3 2CA+2CA 166.20 0.05 8139.44 689.11 607.63 17.01 10336.35 19.11 11612.37

5 70RWL+70RWL 250.00 0.05 8139.44 658.25 689.88 17.01 11735.62 19.11 13184.38

v) SELF WEIGHT OF PIER  AND PIER SUBSTRUCTURE: B= 2.8

Pedastal size= 0.2880 m
3

15.161 mt

No of pedastal= 4.0 1 6

Total sw of pedastal= 28.8 kN 1.6

sw of pier beam  = 588.0 kN 0.6 2

Area of pier = 4.40 m
2

2

sw of pier   = 1667.7 kN

Total sw          = 2284.5 kN

vi) Wind Force

Wind on Pier Beam :

Width of Pier Cap 2.80 m (b) t/b = 2.14

Height of Pier Cap 1.60 m (h) h/b = 0.57

Length of Pier Cap 6.00 m (t)

Cd 0.8

Force in Transverse direction = Pz X A1 X G X Cd

A1 = 2.80 m X 1.60 m = 4.48 sqm

Ft = 0.268 X 4.48 X 2 X 0.8

1.92 kN

Force in long dirn = 25% of F transverse  = 0.5 kN

Height of pier=
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Wind  on Pier :

Width of Pier 2.2 m (b) t/b = 0.91

Height of Pier 14.6610 m (h) h/b = 6.66

Length of Pier 2 m (t)

Cd value 1.33

Force in Transverse direction = Pz X A1 X G X Cd

A1 = 2.20 m X 14.661 m = 32.2542 sqm

Ft = 0.268 X 32.2542 X 2 X 1.3345

23.1 kN

Force in long dirn = 25% of F transverse  = 5.8 kN

vii) Summary of Wind Load

Lever Arm in mt Transeverse dirction

longitudinal 

dirction

65.637 16.41

65.637 16.41

17.011 1116.55 279.14

17.01 1116.55 279.14
19.11 1254.38 313.60

19.11 1254.38 313.60

131.3 32.8 kN

2233.1 558.3 kNm

19.111 2508.8 627.2 kNm

Wind on pier Cap FT FL

Wind force Horizontal 1.9 0.5 kN

Moment at base of pier 15.961 30.7 7.7 kNm

Moment at base of foundn 18.061 34.7 8.7 kNm

Wind on pier FT FL

Wind force Horizontal m 23.1 5.8 kN

Moment at base of pier 7.830 180.8 45.2 kNm

Moment at base of foundn 9.930 229.3 57.3 kNm

Total wind load on DL only FT FL

Wind force Horizontal 156.3 39.1 kN

Moment at base of pier 2444.6 611.2 kNm

Moment at base of foundn 2772.8 693.2 kNm

Wind due to LL at bearing level FT FL

32.2 8.05

32.2 8.05

17.011 547.64 136.91

17.011 547.64 136.91

19.111 615.25 153.81

19.111 615.25 153.81

64.4 16.1

1095.3 273.8 kNm

1230.5 307.6 kNm

Wind force Vertical in kN 811.310 kN

Wind force Horizontal due to 50.00 m Left span

Wind force Horizontal due to 50.00 m Right span span

Moment at base of pier due to  50.00 m Left span

Total Moment at base of pier

Wind Force due to DL@ Bearing level

Total Moment at base of pier

(From Both spans)

Total Horizontal Wind force 

Moment at base of foundation due to  50.00 m Right span

Total Horizontal Wind force 

Moment at base of foundation due to  50.00 m Left span

Wind force Horizontal due to  50.00  m span

Moment at base of foundation due to  50.00 m span

Moment at base of pier due to  50.00 m span

Moment at base of pier due to  50.00 m span

Moment at base of foundation due to  50.00 m span

Total Moment at base of foundn

Moment at base of pier due to  50.00 m Right span

Wind force Horizontal due to  50.00  m span

Total Moment at base of foundn
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ix) Seismic Analysis of Pier Sub Structure:

The seismic analysis is carried out as per the IRC: 6 – 2016 (Cl:219).

Feq = Ah x (Dead Load + Appropriate live load)

Where,

Ah = Horizontal seismic co – efficient Ecm = 16087.0 N/mm
2

AR = Z.I / 2.R x Sa / g

Z = zone factor   = 0.1 (Zone – II) (Table-16 of IRC 6-2016)  b x d3

R = 2.5 (Table-20 of IRC 6-2016) 12

I = 1.2 (Table-19 of IRC 6-2016) mm
4

Dead Load Rxn = 16268.88 kN I eff = 1.331E+12 mm
4

VLL Rxn = 20% 1538.08 307.62 kN (0.75 x Igr)

Total = 16576.496 kN

As Per IRC:6- 2016 (Annexure-D) Ecm = 37000 MPa ( as per IRC-112, table-6.5 )

T=2√W/(1000F)

WL
3

/ 3EI  = 1.0 As per IRC:112-2011, table-6.9, for RH-50%, & 28 days age loading

W= 13.049 kN ø 1= 1.7 for 150

T= 2.254 Sec ø 2= 1.5 for 600

Sa /g = 0.444 ø = 1.30 for 1048

T = 2.25 sec Ec,eff = 16086.96 MPa 2Ac/u  = 1047.62

Sa /g = 0.444 0.60 1.36/T

As per Amendment No 2/August 2014 to IRC 6-2014

Ah = 0.1*1.2*0.44/(2*2.5) 0.011

i) Longitudinal direction:(Dead Loads)

Sl  No Component
Total vertical 

Load in kN

Total Seismic load 

(Long-HL)

Total Seismic load 

(Long-HL) due to 

16.70m span

1 DL 16268.88 173.21 0.00

2 Pier cap 700.00 7.45 0.00

3 pedastals 28.80 0.31 0.00

4 Pier 1667.71 17.76 0.00

ii) Transeverse direction:(Dead Loads)

Sl  No Component
Total vertical 

Load in kN

Seismic load      

(Trans-HT)

Total Seismic load 

(Long-HT) due to 

16.70m span

1 DL 16268.88 173.21 0.00

2 Pier cap 700.00 7.45 0.00

3 pedastals 28.80 0.31 0.00

4 Pier 1667.71 17.76 0.00

For 50.00 m span

I gr  =

l = Height of 

pier =
17011 mm

 Igr = 1774666666667
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iii) Vertical direction:(Dead Loads)

Sl  No Component
Total vertical 

Load in kN

Seismic load (Vertical-

Vs) 

Seismic load 

(Vertical-Vs) due to 

16.70m span

1 DL 16268.88 115.48 0.00

2 Pier cap 700.00 4.97 0.00

3 pedastals 28.80 0.20 0.00

4 Pier 1667.71 11.84 0.00

Component HL LA w.r.to pier base ML @ pier base
LA w.r.to pier 

base

ML @  Pile 

Cap bottom x 

1.35

DL 173.21 18.3670 3181.43 20.4670 4786.00 3181.43 4786.0

Pier cap 7.45 15.8610 118.21 17.9610 180.71 118.21 180.7

pedastals 0.31 16.7610 5.14 18.8610 7.81 5.14 7.8

Pier 17.76 7.5805 134.60 9.6805 232.05 134.60 232.0

Component HT LA w.r.to pier base MT @ pier base
LA w.r.to pier 

base

MT @  Pile 

Cap bottom x 

1.35

DL 173.21 18.367 3181.43 20.47 4786.00 3181.43 4786.0

Pier cap 7.45 15.861 118.21 17.96 180.71 118.21 180.7

pedastals 0.31 16.761 5.14 18.86 7.81 5.14 7.8

Pier 17.76 7.580 134.60 9.68 232.05 134.60 232.0

Note: 1.35 For design of foundation, the seismic loads should be taken as 1.35 times the forces transmitted to it by concrete substructure.(219.8 of IRC 6-2014)

Sl No Vehicle case
Seismic load 

(Vertical-Vs)

Seismic load (Long-

HL)

Seismic load (Trans-

HT)

lever arm              

w.r t.pier base

MT (kNm) 

pier base due 

to seismic

MT due to VLL 

Eccentricity

2 2CA+2CA 354.560 0.000 3.775 17.011 64.22 97.51

4 70RWL+70RWL 320.000 0.000 3.407 17.011 57.96 132.58

19.111 97.39 194.91 294.71

19.111 87.90 220.48 268.82

Total ML @ pier 

base

Seismic Transverse Direction due to  50.00 m span

Seismic in Longitudinal Direction due to 50.00  m span

Total MT @  

Pile Cap bottom

Total MT @ pier 

base

Total ML @  

Pile Cap bottom

iv) Vehicle on one span(Without impact Factor) Seismic case: for 50.00 m LEFT Span

LA w.r.to Found
n 

Bottom 

MT (kNm) Pile Cap 

bottom (due to 

seismic) x 1.35 

Total MT @ Pile 

Cap Base

ML due toVLL 

Eccentricity (kN-m)
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Sl No Vehicle case
Seismic load 

(Vertical-Vs)

Seismic load (Long-

HL)

Seismic load (Trans-

HT)

lever arm              

w.r t.pier base

MT (kNm) 

pier base due 

to seismic

MT due to VLL 

Eccentricity

2 2CA+2CA 354.56 0.000 3.775 17.011 64.22 97.51

4 70RWL+70RWL 320.00 0.000 3.407 17.011 57.96 132.58

LA w.r.to Found
n 

Bottom 

MT (kNm) Pile Cap 

bottom due to 

seismic x 1.35

Total MT @ Pile 

Cap Base

ML due to VLL 

Eccentricity (kN-m)

19.111 97.39 194.91 294.71

19.111 87.90 220.48 268.82

vi) Vehicle on Both Span (without imact factor): 

Sl No Vehicle case
Seismic load (Long-

HL)

Seismic load 

(Trans-HT)

L Arm W.r 

t.pier base

MT (kNm) pier 

base due to 

seismic

MT Due toVLL 

Eccentricity

2 2CA+2CA 0.000 3.77 17.011 64.216 193.82

4 70RWL+70RWL 0.000 3.41 17.011 57.957 306.94

LA W.r t.Found 

Bottom

MT (kNm) Pile Cap 

bottom due to 

seismic x 1.35

ML Due to VLL 

Eccentricity

19.111 97.39 4.301

19.111 87.90 5.248

Sl No Vehicle case
1

st
 & 2

nd
 LANE 

in kN
3

rd 
& 4

th
 LANE in kN

HL in 1
st
 & 2

nd 

LANE(20%) in kN

HL in 3
rd 

& 4
th 

LANE(5%) in kN

ML=HL x 0.2 x  

L.A in kNm

Add Axial 

load(kN)

HL per Trestle 

x 0.20 in kN
LA at pier base

2 2CA+2CA 1108.0 1108.0 221.6 55.4 219.6 4.54 27.7 17.01

4 70RWL+70RWL 1000.0 1000.0 200.0 50.0 198.2 4.10 25.0 17.01

LA at footing bottom ML @  Pier bottom
ML @  Pile Cap 

bottom

19.111 471.20 529.37

19.111 425.27 477.77

Sl No Vehicle case
1

st
 & 2

nd
 LANE 

in kN
3

rd 
& 4

th
 LANE in kN

HL in 1
st
 & 2

nd 

LANE(20%) in kN

HL in 3
rd 

& 4
th 

LANE(5%) in kN

ML=HL x 0.2 x  

L.A in kNm

Add Axial 

load(kN)

HL per Trestle 

x 0.20 in kN
LA at pier base

2 2CA+2CA 1108.0 1108.0 221.6 55.4 219.6 4.54 27.7 17.01

Seismic load (Vertical-Vs)

v)Braking force(seismic case): 50.00 m RIGHT Span

320.00

354.56

v) Vehicle on one span(Without impact Factor) Seismic case: for 50.00 m RIGHT Span

vi)Braking force(seismic case): 50.00 m LEFT Span

==

==
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4 70RWL+70RWL 1000.0 1000.0 200.0 50.0 198.2 4.10 25.0 17.01

LA at footing bottom ML @  Pier bottom
ML @  Pile Cap 

bottom

19.111 471.20 529.37

19.111 425.27 477.77

One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (seismic due to VLL  is not considered in the direction of traffic (longitudinal direction) as per IRC 6-2014)

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
µ (Rg ) 

L.A For Pier 

Base

2 2CA+2CA 0.0 0.05 8139.4 403.9 427.2 406.97 17.011

4 70RWL+70RWL 0.0 0.05 8139.4 368.4 425.4 406.97 17.011

ML @ pier base
LA w.r.to  Pile 

CapBottom 

ML @  Pile Cap 

bottom

7266.6 19.111 8163.6

7236.4 19.111 8129.7

Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (seismic due to VLL  is not considered in the direction of traffic (longitudinal direction) as per IRC 6-2014)

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
µ (Rg ) 

L.A For Pier 

Base

2 2CA+2CA 0.0 0.05 8139.4 713.6 442.7 406.97 17.011

4 70RWL+70RWL 0.0 0.05 8139.4 688.2 441.4 406.97 17.011

ML @ pier base
LA w.r.to  Pile 

CapBottom 

ML @  Pile Cap 

bottom

7530.0 19.111 8459.5

7508.3 19.111 8435.2

One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq / one side of 

span  x 0.2

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

µ (Rg ) 
L.A For Pier 

Base

2 2CA+2CA 33.2 0.05 8139.4 403.9 460.4 406.97 17.011

4 70RWL+70RWL 50.0 0.05 8139.4 368.4 475.4 406.97 17.011

ML @ pier base
LA w.r.to  Pile 

CapBottom 

ML @  Pile Cap 

bottom

7832.0 19.111 8798.9

8086.9 19.111 9085.3

Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

(seismic due to VLL  is not considered in the direction of traffic 

(longitudinal direction) as per IRC 6-2014)

viA)Frictional (seismic case): 50.00 m LEFT Span

B)Frictional force(seismic case): 50.00 m Left Span

D)Frictional force(seismic case): 50.00 m RIGHT Span

C)Frictional force(seismic case): 50.00 m RIGHT Span

==
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Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq / one side of 

span  x 0.2

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

µ (Rg ) 
L.A For Pier 

Base

2 2CA+2CA 33.2 0.05 8139.4 137.8 447.1 406.97 17.011

4 70RWL+70RWL 50.0 0.05 8139.4 131.6 463.6 406.97 17.011

ML @ pier base
LA w.r.to  Pile 

CapBottom 

ML @  Pile Cap 

bottom

7605.7 19.111 8544.6

7885.5 19.111 8859.0

DESIGN OF PIER:

A). PIER LOAD COMBINATIONS 

C1  to C6    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) 

C7 to C12  = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )

C13 to C18    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) +WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C18 to C24     = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )+WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C25    = DL+SW+WIND ON UNLOADED STURCTURE

C26    = Launching Girder Case

Load Factors as per IRC 6-2016 Table B.2

Sl Nos
VLL is Leading & 

Wind is accompanying

Wind is Leading & 

VLL is 
1) 1.35 1.35

2) 1.35 1.35

3) 1.75 1.75

4) 1.5 1.15

5) 1.5 1.15

6) 0.9 1.5

7) 1.5 -

COMB P in kN ML in kNm MT in kNm

C2 28778.78 30620.56 3917.26

C4 28558.13 32346.50 4180.24

C8 28322.98 27655.35 4639.60

C10 28252.43 29737.11 5487.94

C14 28610.66 24449.30 5870.56

C16 28441.50 25518.34 6072.18

C20 28261.21 21921.79 6424.36

C22 28207.12 23517.81 7074.75

C25 25940.66 1901.11 916.74

C26 22380.09 19805.87 0.00

MAX 28778.78 32346.50 10471.67 32615.50

The Pier section is designed as a  circular  section  subjected to axial  force  and   bending  using  SP-16, Design Aids For IS 456. The results are  tabulated below:-

i) Normal and Wind Combination (Factored Loads)

SW =

Seismic =

SIDL(W/o WC) =

Loads

WC =

VLL =

BRAKING FORCE =

WIND =
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C1     = DL+SW of pier + Secondary Force  (P+ML +0.3MT) Seismic in Longitudinal direction

C2 to C7     = DL+0.2xVLL  (with out IF) one span+0.2x(BF , FF ) (P+ 0.3ML+ MT)

C7 to C13     = DL+0.2xVLL  (with out IF) both span+0.2x(BF,FF ) (P+ 0.3ML+ MT)

Seismic Forces in Longitudinal Direction

Combinations P   in kN ML1   in kNm MT1   in kNm

C1 25790.53 12534.94 1746.59

Seismic Forces in Transverse Direction

Combinations P   in kN ML2   in kNm MT2   in kNm

C3 26326.45 24133.11 5401.66

C5 26276.67 24476.65 5444.87

C9 26330.54 24739.64 5546.13

C11 26282.81 25082.43 5706.41

PIER LOAD COMBINATIONS (QUASI PERMANENT COMBINATION-Table No B.3 of IRC6-2016)

( PARTIAL SAFETY FACTOR TAKEN AS PER IRC:6,2014, TABLE NO 3.3)

Wind is Leading & VLL 

is accompanying

1) 1.00 1

2) 1.00 1

3) 1.00 1

4) 0.00 0

5) 0.00 0

6) 0.00 0

7) - -

COMB P in kN ML in kNm MT in kNm
Design BM = 

√(ML
2
+MT

2
)

C1 18553.39 6933.80 0.00 6933.80

Check for Slenderness Ratio

2200.000 x 2000.000 mm

Clear cover = = 40.00 mm

M - 60

Grade of Steel = = Fe - 550

As per IRC:112-2011, The minimum Ast for Pier is as follows,

1). (Length / radius of gyration) < 12 is "Pedestrian Column"

2). (Length / radius of gyration) > 12 is "Other Column"

Radius of Gyration  (Rg)             = Sqrt( I/A) I= 1.77467E+12 mm4

Rg = 635 A = 4400000 mm2

Seismic in Transverse direction

WC =

VLL is Leading & Wind is 

accompanying

SIDL(W/o WC) =

VLL =

WIND =

Sl Nos

Size of Pier

Loads

Grade of Concrete =

ii) Seismic Combinations (Factored Loads) (As per Cl:219.4 of IRC 6-2016))

BRAKING FORCE =

Seismic =

SW =
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Length of pier (Le) = 20034 Effective lengthas per IRC:112-2011,Table 11.1,pg no 114, = l 0 *1.3

L / Rg = 31.55 HENCE IT IS 'OTHER COLUMN'

As per 11.2.2 of IRC 112-2011,Effective Length of Pier 

K1  = 0.1

K2  = 0.1

        1+     10.K1.K2 = 1.22

K1+K2

1+  K1/(1+K1)  x  (1+  K2/(1+K2) = 1.190

lo  = 15411 mm

le = 18.87 m

Limiting Slenderness ratio as per IRC:112-2011, Cl:11.2.1(2),

Limiting Slenderness ratio as per IRC:112-2011, Cl:11.2.1(2) 

NEd= 28778.78 kN

ø ef=  φ(∞,t₀).MoEqp/MoEd

 φ(∞,t₀) = 1.636 (As per IRC 112-2011,A2.5)

MoEqp = 6933.80 KNm

MoED  = 32346.50 KNm Ac= 4400000 mm
2

ø ef= 0.351 h= 2.Ac /U = 1047.6 mm

A= 0.934 fcd= 26.80 N/mm
2

w= 0.359 n= 0.24

n= 0.24 rm = 4.208

B= 1.311

C= 0.7

λlim = 34.71 > 18.87

Hence OK

Limiting Slenderness ratio as per IRC:112-2011, Cl:11.2.1(2) (Direct Calculation)

λlim = 20.A.B.C / sqrt(n)

n= NEd / (Ac*fcd)

A= 0.70

n= NEd / (Ac*fcd)

λlim = 20.A.B.C / sqrt(n)

Slenderness ratio
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B= 1.10

C= 0.70

Ac= 4400000 mm2

fcd= 26.80 N/mm2 (α*fck/λm) cl:6.4.2.8(1)

NEd= 28778.78 kN

n= 0.24

λlim = 21.82

< 18.87 Hence OK

Design of Vertical Reinforcement

Check for design of Bi-axial Column (For Rectangular column)

As per 8.3.2(4)of IRC 112-2011, Pg no 75 

For Rectangular column,

Size of Pier  = 2000 x 2200.00
Combinations As per SP-16, Cl 3.3, Pg no 104,

Grade of Concrete N/mm2

Grade of Steel N/mm2

b

d

Combinations C2 C4 C21

Pu 28778.78 28558.13 27560.36 kN

Mux 30620.56 32346.50 22030.73 kN-m

Muy 3917.26 4180.24 10471.67 kN-m

d'/D

α 1.07 1.07 1.06

Assume Pt 1.800 1.800 1.800

Ast Required (As pro) 79200.0 79200.0 79200.0

p / fck 0.0300 0.0300 0.0300

Pu/(fck*b*D) 0.109 0.108 0.104

Mu/(fck*b*D*D) 0.080 0.080 0.080 (from Chart 47, using SP-16)

Mu/(fck*D*b*b) 0.080 0.080 0.080 (from Chart 47, using SP-16)

Mu (Longer Direction) 46464.0 46464.0 46464.0 kN-m

Mu (shorter Direction) 42240.0 42240.0 42240.0 kN-m

Interaction ratio
(12,534.94/46,464.

00) ^1.05

+ 

(1,746.59/42,240.

00) ^1.05

(24,347.03/46,464.0

0) ^1.05

+ 

(6,559.96/42,240.0

0) ^1.05

0.25 + 0.04 0.51 + 0.14

0.72 0.76 0.68 = 0.29 = 0.65 < 1.00

Normal Combination

60

550

2000.00

1.800

60.00

0.098

2200.00

Seismic Longitudinal

0.099

0.0300

2000.00

0.080

0.080

0.032

0.080

1.05

12534.94 24347.03

1746.59

79200.0 79200.0

42240.0 42240.0

0.080

46464.0 46464.0

0.0300

6559.96

60

550.00

(Resisting moment 

for provided steel)

26100.36

Seismic Transverse

550

1.05

2000.00

2200.00 2200.00

( for Rectangular as per IRC:112-

2011, Cl:8.3.2, Pg no 75)1.800

0.032 0.032

25790.53

C1 C10
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Hence O.K

Total Area of steel required 79200 79200 79200 mm
2

Ast Provided = Y32  - 106 Nos Y32 - 106 Nos Y32 - 106 Nos

Total Area of Steel provided 84848.13 mm
2 84848.13 mm

2

Provided pt

As per IRC 112-2011 Cl:16

Ast.Min = 6619.119 mm
2

0.1NEd/fyd

Ast.Min = 8800 mm
2

0.002 Ac

Ast.Min = 10560 mm
2

0.0024 Ac

Ast.Max = 176000 mm
2

0.004Ac

Lateral ties 

As per IRC:112-2011, Cl:16.2.3,

Dia of lateral tie is max of below,

i). 8 mm

ii). One quarter of max dia of longitudinal bars 8 mm

Hence provide 8 mm

Spacing of lateral tie is min of below,

i). 12 times min dia of longitudinal bars 384.00 mm

ii). The least dimension of the column 1555.63 mm

iii). 200 mm 200.00 mm

Hence provide 150 mm

Hence provide Y - 8 @ 150 c/c

Summary

1 Pier Size  = ( Circular Pier 2200 mm Dia )

2 Grade  of concrete  = M - 60

3 Grade  of steel  = Fe - 550

4 Main Longitudinal reinforcement= Y- 32 of 25  Nos per each face of Wall

5 Lateral Ties   = Y - 8 @ 150 c/c above the confinement reinforcemnt.

4)  DESIGN OF PILE CAP T- Direction

825 4500 4500 825

825

P1 P2 P3

2100

84848.1 84848.1

79200

Hence O.K Hence O.K

1.986 1.986

Hence O.K

79200

Hence O.K

84848.1

84848.13

1.986

Hence O.K
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Traffic- Direction

2100

P4 P5 P6

825

SELF WEIGHT OF FOUNDATION: Load Factors as per IRC 6-2016 Table B.3

Width of Pile Cap  = 10650.0 mm

Sl Nos Loads

VLL is Leading & 

Wind is 

accompanying

Length of Pile Cap = 5850.0 mm 1 SW = 1
Thickness of Pile Cap = 2100.0 mm 2 SIDL(W/o WC) = 1

Height of soil   = 300.0 mm 3 WC = 1.2

4 VLL = 1

Sw of the Pile Cap= 3270.9 kN 5 BRAKING FORCE = 1

6 WIND = 0.6

Wt of soil      = 347.4 kN 7 Seismic = 1

C1  to C6    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + FF) 

C7 to C12  = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + FF )

C13 to C18    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) +WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C18 to C24     = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )+WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C25     = DL+SW+WIND ON UNLOADED STURCTURE

C26     = Launching Girder Case

Combinations P in kN ML in kNm MT in kNm HL HT H=√HL^2+HT^2 H/Pile Remarks 

C2 24529.6 22743.5 2889.6 1114.2 132.4 1122.069 187.0115 Normal Comb

C4 24382.5 24046.0 3064.9 1189.2 132.4 1196.506 199.4177 Normal Comb

C8 24225.8 20701.9 3371.1 1083.4 132.4 1091.443 181.9072 Normal Comb

C10 24178.7 22254.3 3936.7 1164.4 132.4 1171.870 195.3117 Normal Comb

C14 24386.4 17610.1 4369.0 866.0 220.7 893.690 148.9483 Wind Comb

C16 24276.0 18586.9 4500.5 922.2 220.7 948.247 158.0412 Wind Comb

C20 24158.5 16062.8 4730.2 842.9 220.7 871.289 145.2149 Wind Comb

C22 24123.2 17223.5 5154.3 903.6 220.7 930.174 155.0290 Wind Comb

C25 24521.1 701.2 693.2 55.2 220.7 227.470 37.9117 Wind Comb

C26 16577.8 15070.5 0.0 190.3 0.0 190.250 31.7083

C1     = DL+SW of pier + Secondary Force  (P+ML +0.3MT) Seismic in Longitudinal direction

C2 to C7     = DL+0.2xVLL  (with out IF) one span+0.2x(BF , FF ) (P+ 0.3ML+ MT)

C7 to C13     = DL+0.2xVLL  (with out IF) both span+0.2x(BF,FF ) (P+ 0.3ML+ MT)

Seismic Forces in Longitudinal Direction

combinations P   in kN ML   in kNm MT   in kNm
HL HT

H=√HL^2+HT^2
H/Pile Remarks

Load Combinations

0.75

0.75

1

Seismic in Transverse direction

i) Normal and Wind Combination (Unfactored Loads)

ii) Seismic Combinations (Unfactored Loads)

-

Wind is Leading & VLL is 

accompanying

1
1

1.2
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C1 22462.54 13286.92 1694.55 614.63 183.55 641.454 106.9090 Seismic

C3 22819.83 18441.20 5401.47 947.87 272.06 986.138 164.3563 Seismic

C5 22786.64 18701.69 5427.04 962.85 271.69 1000.450 166.7417 Seismic

C9 22822.55 18578.40 5497.78 974.54 272.06 1011.806 168.6343 Seismic

C11 22790.73 18869.42 5601.40 990.67 271.69 1027.249 171.2081 Seismic

CALCULATION OF PILE REACTION AND DESIGN OF PILE CAP

T- Direction

825 4500 4500 825

825

P1 P3

2100

L- Direction

P2 P4 2100

825

Number of piles = 6

Pile No. X Y X
2

Y
2

1 -4.50 2.10 20.25 4.41

2 0.00 2.10 0.00 4.41

3 4.50 2.10 20.25 4.41

4 -4.50 -2.10 20.25 4.41

5 0.00 -2.10 0.00 4.41

6 4.50 -2.10 20.25 4.41

81.00 26.46

Pile Reactions

COMB P in kN ML in kNm MT in kNm Pmax Pmin Remarks

C2 24529.6 22743.5 2889.6 5581.1 2595.4 Normal Comb

C4 24382.5 24046.0 3064.9 5642.9 2484.6 Normal Comb

C8 24225.8 20701.9 3371.1 5455.3 2620.0 Normal Comb

C10 24178.7 22254.3 3936.7 5578.6 2481.0 Normal Comb

C14 24386.4 17610.1 4369.0 5389.5 2739.3 Wind Comb

C16 24276.0 18586.9 4500.5 5435.8 2656.2 Wind Comb

C20 24158.5 16062.8 4730.2 5294.2 2758.6 Wind Comb

C22 24123.2 17223.5 5154.3 5386.5 2654.6 Wind Comb

C25 24521.1 701.2 693.2 4180.8 3992.9 Wind Comb

C26 20196.14 15070.54 0.00 4203.3 2528.8

Maximum And Minimum Pile Loads Max Min Max Pile Load Pile Capacity

Seismic Forces in Transverse Direction

i) Normal and Wind Combination (Unfactored Loads)
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Normal Load Combination 5642.89kN 2233.27kN 5642.9kN < 6000.00 (Normal Load combination)

Wind Combination 5493.47 2406.99 5493.5kN < 1.25x 6000.00 (Wind Load Combination)

COMB P in kN ML in kNm MT in kNm Pmax Pmin

C1 22462.5 13286.9 1694.5 4616.4 2871.1

C3 22819.8 18441.2 5401.5 5256.5 2350.1

C5 22786.6 18701.7 5427.0 5267.5 2328.1

C9 22822.5 18578.4 5497.8 5272.2 2335.3

C11 22790.7 18869.4 5601.4 5291.3 2305.6

Maximum And Minimum Pile Loads Max Min Max Pile Load Pile Capacity

5291.31kN 2268.10kN 5291.31kN < 1.25x 6000.00 (Seismic Load combination)

COMB P in kN ML in kNm MT in kNm Pmax Pmin

C2 33715.59 34114.04 4334.34 7858.49 3380.05

C4 33494.94 36067.78 4597.32 7951.12 3213.86

C8 33259.79 31051.67 5056.68 7669.72 3416.88

C10 33189.24 33380.30 5905.02 7854.65 3208.43

C14 33547.47 25505.15 6565.70 7529.29 3653.21

C16 33378.31 27164.09 6767.32 7609.26 3516.85

C20 33198.03 24619.48 7119.50 7465.79 3600.22

C22 33143.94 26404.76 7769.89 7607.58 3440.40

C25 31343.53 2090.43 1039.82 5422.58 5025.26

C26 27264.79 20345.22 0.00 5674.42 3413.84

Maximum And Minimum Pile reactions Max Min

Normal Load Combination 7951.12kN 2836.83kN

Wind Combination 7676.88kN 3155.51kN

COMB P in kN ML in kNm MT in kNm Pmax Pmin

C1 30923.20 19926.38 2342.95 6446.84 3860.90

C3 31489.48 27660.59 8102.21 7427.98 3068.52

C5 31437.64 28051.34 8140.56 7444.09 3035.12

C9 31526.92 27859.95 8246.67 7456.76 3052.21

C11 31483.71 28386.36 8402.10 7491.14 3003.43

Maximum And Minimum Pile reactions Max Min

7496.77kN 2934.73kN

Design of pile cap:
PILE CAP FOR 4 PILE GROUP

Pile Spacing in L direction = 9.00 m

Pile Spacing in T direction = 4.20 m

Pile diameter = 1.35 m

= 0.15 m Distance between edge of pile to edge of pile cap 

iv) Seismic Combinations (Factored Loads)

ii) Seismic Combinations (Unfactored Loads)

iii) Normal and Wind Combination (Factored Loads)
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Depth of pile cap = 2.1 m

Pile cap dimension along L direction = 10.65 m

Pile cap dimension along T direction = 5.85 m

Grade of concrete  = M - 35 Mpa

Grade of steel = 550 Mpa

Pile reaction:

Critical pile reaction:

Pile Name Pmax Pmin P5 P6 P7 P8 P9 P10

Pile Loads for 

Design of Pile Cap
7951.12 5025.26 5275.27 7221.39 5619.27 5619.27

5619.27 5619.27

Bending Moment in Longitudinal Direction 

Since the Pile reaction of individual piles does not overlap at mid depth of the Pile cap, Forces are calculated w.r.t maximum reaction and same forces considered for the design

of Pile cap in both Longitudinal and transverse direction.

3400 3400

2100

1050

150

1350 Dia of Pile

825 4500 4500 825

P= 7951.12 KN P= 6302.45 KN

a) Dispersion width of Pile Load

Effective  depth = 2100-75-32/2 mm

Effective  depth =  2009 mm

Clear Distance between pile to pile =  6300mm > 1050mm

Hence Dispersion Dose not over lap

Effective width of dispersion = 150+1350+1050

= 2550 mm

Pile reaction = 7951.12 kN

Bending Moment = 7,951.12x3.400= 27033.82 kNm

B.M /meter Width = 10601.50

b) Bending moment due to dispersion of Pier Load

Maximum Axial force for Pier (Factored Combinations) = = 28778.8 KN

Width of dispersion from Pier on pile cap (Beff) = 2200+1050+1050 = 4300 mm

Dispersed Area of Pier = 8.600 m
2

Pier Load per dispersed area of pier (factored) = 3346.37 KN/m
2

9000

2200 Width of pier
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Moment due to this load = = = 0.0 KNm/m

Resultant Moment  due to Pile Load and Pier load = 10601.50 KNm/m

Grade of Concrete = 35 Mpa

Grade of steel = 550 Mpa

Clear cover = 75 mm

Dia of main bar =  32 mm

Effective depth required 10601 x 1000000

0.133 x 35 x 1000

= 1509.12 mm

Effective depth provided = 1977 mm > SAFE

Ast required = 12442.98 mm
2

(Table 6 of IRC 112)

As per IRC:112-2011, Cl:16.5.1.1, Pg no 175, fctm = 2.8

Ast max is not greater than 0.025 Ac Ast min = 0.0013* b*d 2570.10 mm2

Total Ast + Asc is not greater than 0.04 Ac Ast min =
0.26*fctm 

*b.d/fyd
3025.34 mm2

Hence Required Ast = 12442.98 mm2

Provide Y - 32 @ + Y - 32 @ 100 C/C Ast Provided = 16085.0

Check for ultimate shear Resistence
As per Cl:10.3.2 IRC 112, Check for Ultimate Shear resistence is given by

K= 1.32

ƿ 1  =  0.008136042 < 0.20

σcp = 0.0000  < 3.12

VRD.c = 1803.08 KN

> 3118.09 KN

Check for shear  in Longitudinal Direction:

 1977

3346.37x1.05X1.05/2

=

HENCE O.K
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1977 d

3400 3400

2100

1050

1350 Dia of Pile 825

825 4500 4500

1

3 2 7951.12 kN

2098 -748

3 1350 1

Effective  depth =  1977 mm

Critical section  for shear = d from face of pier

=  1977 mm

Distance from face of Pier to inner face of end of pile 2725.0 mm

Distance from face of Pier to outer face of  pile 4075.0 mm

Since the Critical section is inside the end pile edge,Pile Cap to be designed for Shear
S.F at Section 1- 1= 7951.12 kN

S.F at Section 3-3= 0 kN

S.F at Section 2-2= 7951.12 kN

SF At Critical Section (2-2) = 7951.12 kN

Dispersion width available   = 2550 mm

Toatl Design S.F ( V )  = 7951.12 kN

Toatl Design S.F ( V )/m width  = 3118.09 kN

Check for yielding of steel in shear as per IRC:112-2011, Cl 10.3.3.2

VRDS = VNS = (ASW / S) * z * fywd * cot θ

Where,

ASW = C/S area of shear reinforcement

s = spacing of stirrups fywd = 478.50 N/mm
2

(0.87/1.15 fy)

z = Liver arm, for RCC = 0.9 * dpro

fywd = Design yield strength of shear reinforcement = 0.8 * fy

Assuming 5 L Y - 12

Spacing required (s) = (ASW  * z * fywd * cot θ / VNS

2200 Width of pier
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s = 154.41 mm =120 mm

Provide 5 - L Y  12

Bending Moment in Transverse Direction:

2000 Length of pier

1100 1100

2100 1050

150

1350 Dia of Pile

825 2100 2100 825

P= 6302.45 KN P= 7951.12 KN

a) Bending moment due to dispersion of Pile Load

Effective  depth = 2100-75-25/2 mm

Effective  depth =  2012.5 mm

Clear Distance between pile to pile = 750 mm

Hence Dose not over lap

Effective width of dispersion = 150+1350+1050

= 2550 mm

Pile rection = 7951.12 kN

Bending Moment = 7,951.12x1.10= 8746.24 kNm

B.M /meter Width = 3429.90

b) Bending moment due to dispersion of Pier Load

Maximum Axial force for Pier (Factored Combinations) = = 28778.8 KN

Width of dispersion from Pier on pile cap (Beff) = = 4100 mm

Dispersed Area of Pier = 9.020 m
2

Pier Load per dispersed area of pier (factored) = 3190.55 KN/m
2

Moment due to this load = = = 1758.8 KNm/m

Resultant Moment  due to Pile Load and Pier load = 3429.90 KNm/m

Design

For M-max  = 3429.90 kN-m/m

Grade of Concrete = 35 Mpa

Grade of steel = 550 Mpa

Clear cover = 75 mm

Dia of main bar = 25 mm

Effective depth required 3430 x 1000000

2000+1050+1050

=

3190.55x1.05X1.05/2

@ 120 mm  c/c per m 
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0.133 x 35 x 1000

= 858.38 mm

Effective depth provided = 1988 mm > SAFE

Ast required = 3717.63 mm
2

As per IRC:112-2011, Cl:16.5.1.1, Pg no 175,

Ast max is not greater than 0.025 Ac Ast min = 0.0013* b*d 2570.1 mm2

Total Ast + Asc is not greater than 0.04 Ac Ast min =

0.26*fctm 

*b.d/fyd 3025.3 mm2

Hence Required Ast = 3717.63 mm2

Provide Y - 25 @ 100 C/C Ast Provided = 4908.7

Check for shear  in Transverse Direction:

2000.00

 1987.5 d

1100 1100

2100

1050

1350 Dia of Pile 9000 150

825 2100 2100 825

1

3 2 7951.12 kN

=

HENCE O.K
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3 2 1

-213 1563

1350

Clear Distance between pile to pile = 75 mm

Effective  depth =  1987.5 mm

Critical section  for shear = d from face of pier

=  1987.5 mm

Distance from face of Pier to inner face of end of pile 425.0 mm

Distance from face of Pier to outer face of  pile 1775.0mm >  1987.5mm

Since the Critical section is beyond pile edge,  Shear will not govern the design.

Stress Check calculation for Pile Cap (For Rare Combiantion-Table No 3.3 of IRC6-2014) (As per IRC 112-2011, Cl:12.3.4)

Longitudinal Transverse

Width of pile beam = b= 1000 1000 mm

Thickness of Beam (mm) h = 2100 2100 mm

Dia of main Bar (mm) 32 25 mm

Effective Depth (deff) mm 1977 2013 mm L.A= d - 0.42Xu

16084.95 4908.74 mm
2

Stress in Steel = M/ ( Ast xL.A)

Max Moment (kN-m) 7523.85 2434.19 N/mm
2

Stress in concrete= M/ ( 0.5.Xu.b.(L.A)

200000 200000 N/mm
2

12955 12955 a 500.00 500.00

m  =  α  = Es/Ecm 15.44 15.44 b Xu
2 

/2  =m Ast (d-Xu) b 248311.48 75778.65

773.20 481.67 mm c -490911802.56 -152504534.98

1652.26 1810.20 mm Xu 1 = 773.20 481.67

Stress in Steel (N/mm2) 283.10 273.94 N/mm
2

Xu 2= -1269.82 -633.23

Permissible stress in steel 440 440 N/mm
2

Maximum Pile load  = 4203 kN C26

Check for stree in steel Hence OK Hence OK Dispersion width due to Pile= 2.550 m

Stress in Concrete (N/mm2) 11.78 5.58 N/mm
2

Lever Arm for BM  = 1.100 m

Permissible stress in concrete 13 13 N/mm
2

Bending Moment due to Pile = 1813.18 kNm

Check for stree in concrete Hence OK Hence OK

CRACK WIDTH CALCULATION (For Quasi Permanent Combiantion-Table No 3.3 of IRC6-2014) 

1813.18

4908.74

75

200000

2100.00

2012.50

Es (N/mm
2
)

L.A (mm) =

Ast pro As (mm
2
) 16084.95

Spacing of Bars (mm) 100

25

100

Dia of main Bar (mm)

h (mm)

d (mm)

200000

1977.00

32

Ec.eff (N/mm
2
)

acr (mm)

Max Moment (kN-m)

75Cmin (mm)

88.28

2100.00

XU (mm)  =

87.83

Ast pro (mm2)

5604.37

Es (N/mm
2
)
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ssc  (N/mm
2
)

2.5 (h - d) 307.5 218.8 Ecm = 32000 MPa

(h - Xu) / 3 442.3 539.4 Ac = 2100000 mm
2

h / 2 1050.0 1050.0 u= 6200 mm

2Ac/u = 677.4 mm

210.8767602

k1  = As per IRC:112-2011, table-6.9, for RH-80%, & 28 days age loading

k2  = ø 1= 1.7 for 150

Spacing 5( c + dia/2) = ø 2= 1.5 for 600

Case(i) Sr.max (mm)= ø = 1.47 for 677

Case(ii) Sr.max (mm) = Ec,eff = Ecm / (1+ ø)

Ec,eff = 12955.47 MPa

Es = 200000.00 MPa

m = 15.44

Check for Punching Shear

Maximium pile load = 7951.12 kN

Allowable punching shear as per IRC:112-2011, Cl:10.4.5, Pg no 104,

Check For Punching Shear,as per cl. 10.4.3, IRC:112-2011

Vmin 2d/a = 7.412

K = 1.316 <   2

vmin = 0.277 N/mm
2

r1 = 0.00423 < 0.02

vRd = 11.749 N/mm
2 > 7.41

.

Punching shear stress vED β x VED

ui x d

β = 1

v = 0.532 N/mm
2

3

218750.00

0.0224

0.272

Hence OK

≥ 0.00061

0.00061

0.8

0.5

0.00057

2103.83

444.39

12955

15.44

481.67

204.05

0.5

437.50

444.39

fct,eff (N/mm
2
)

hc,eff least of

0.285

IRC 112-2011

Sr.max (mm) = 359.00

0.00080

Ac,eff = b*hc,eff (mm
2
)

esm - ecm     = 0.00080

rP,eff   =

kt   = 0.5

455.00

0.0523

esm - ecm     =
≥ 0.00063

359.00

Ec.eff (N/mm
2
)

Xu (mm) 773.20

210.88

m  =  α  = Es/Ecm 15.44

=

0.8

0.5

3

307500.00

Check for Crack Width Hence OK

Wk (mm) =

1724.84

12955
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fcd = 15.63 N/mm
2

vRd,max = 4.16 N/mm
2

a) At the basic control perimeter ui (At Corner Pile)

(2d/2+1000+2d/2) ui =  4374.6 mm (From Auto Cad )

vED = 0.919 N/mm
2

< 4.16 SAFE

vRdmax > vEd

4.16 > 0.919 HENCE SAFE

5) Design of Pier Pile
The Pile is Designed for Axial Load and BM. The Top fixity is considered at the Bottom 

of Pile cap and Bottom Fixity is calculated as per Annex C, IS2911- Part1, SEC4 (2010)

Dia of Pile 1350 mm

Grade Of Concrete M M35

ECONCRETE Fe 32000.00 MN/m2 (As per IRC 112-2011,Table 6.5)

M.I)Pile 0.163065197 m4

T= 5√(EI/ɳ h)

R= 4√(EI/KB)

(for Medium  Sand) 2.840 MN/m3 (Conservatively)

Corresponding to N value of 20

(for  Medium stiff Soil) 14.15  MN/m3

K= k1 x0.3/(1.5 xB) 2.10  MN/m3

Top Fixity Level(Bottom Of Pile Cap) 895.125 m

L1= 0.000 m

Calculating,

T= 4.50 m 4.50 m

R= 6.55 mm 6.55 m

L1/T= 0.00 m

From Fig 4 (IS 2911-SeC 4,2010) LF/T = 2.20

Hence, LF = 9.89 m

Lever Arm = Top Fixity - Scour Level + Lf

895.125 - 895.125 + 9.891

L.A = 9.9 m

BM in Pile = HX9.89/2= =

Redution Factor = 0.85 From Fig 5 (IS 2911-SeC 4,2010) 

Final L.A = 8.41 m

Self Weight of the Pile = = 262.062 kN

From Table - 5, ɳ h  =

From Table - 2,  k1 =
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i) Normal & Wind  combinations ( Factored Loads)

Load Case P(kN) HL/Pile (kN) HT/Pile(kN) H=√HL^2+HT^2 BM(kNm)

P(kN)

C2 3380.0 278.56 33.10 280.52 1203.99 3380.045627 C2

C4 3213.9 297.29 33.10 299.13 1282.22 3213.85842 C4

C8 3416.9 270.85 33.10 272.86 1171.80 3416.881285 C8

C10 3208.4 291.09 33.10 292.97 1256.33 3208.426302 C10

C14 3653.2 221.01 55.17 227.79 982.33 3653.205659 C14

C16 3516.8 235.37 55.17 241.75 1041.01 3516.847028 C16

C20 3600.2 215.10 55.17 222.06 958.24 3600.216155 C20

C22 3440.4 230.62 55.17 237.13 1021.58 3440.400668 C22

C25 5025.3 13.79 55.17 56.87 263.79 5025.261756 C25

C26 3413.8 31.71 0.00 31.71 158.03 3413.842 C26

P(kN) BM(kNm) Pu / fck * D * D
Mu / fck * D * D * 

D

As per SP:16 

p/fck

Asc = p*(area 

of pier)
Combination

Max P Case 5025.3 263.79 0.079 0.003 0.010 5009.86 C25

Max BM Case 3213.9 1282.22 0.050 0.015 0.010 5009.86 C4

Min P Case 2836.8 1177.79 0.044 0.014 0.010 5009.86 C9

ii) Seismic  combinations ( Factored Loads)

Load Case P(kN) HL/Pile (kN) HT/Pile(kN) H=√HL^2+HT^2 BM(kNm) Remarks

P(kN)

C1 3860.9 151.43 14.90 152.16 664.38 Seismic 3860.896405 C1

C3 3068.5 231.75 50.63 237.22 1021.95 Seismic 3068.515338 C3

C5 3035.1 235.50 50.53 240.86 1037.27 Seismic 3035.122994 C5

C9 3052.2 237.34 50.63 242.68 1044.94 Seismic 3052.212989 C9

C11 3003.4 241.14 50.53 246.38 1060.47 Seismic 3003.431625 C11

P(kN) BM(kNm) Pu / fck * D * D
Mu / fck * D * D * 

D

As per SP:16 

p/fck

Asc = p*(area 

of pier)
Combination

Max P Case 3860.9 664.38 0.061 0.008 0.0100 5009.86 C1

Max BM Case 3003.4 1060.47 0.047 0.012 0.0100 5009.86 C11

Min P Case 2934.7 1034.10 0.046 0.012 0.0100 5009.86 C12

iii) Stress Check for Pile Loads Rare combination-Table No B.3 of IRC6-2016

Normal & Wind  combinations

Check For Stresses : The Pile is Checked for Combined Axial and Bending using in house Computer programme The Stress Calculation is done for 

both Maximum reaction & BM and Minimum Reaction & BM Finding the Area of steel for Piles, for factored load combination

Load Case P(kN) HL/Pile (kN) HT/Pile(kN) H=√HL^2+HT^2 BM(kNm)

P(kN)

C2 2595.41 185.70 22.07 187.01 786.2 2595.413605 C2

C4 2484.62 198.19 22.07 199.42 838.3 2484.622134 C4

C8 2619.97 180.56 22.07 181.91 764.7 2619.970711 C8

Normal Comb

Remarks

Normal Comb

Wind Comb

Normal Comb

Remarks

Wind Comb

Wind Comb

Normal Comb

Normal Comb

Normal Comb

Normal Comb

Wind Comb

Wind Comb
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C10 2481.00 194.06 22.07 195.31 821.1 2481.000722 C10

C14 2739.31 144.34 36.78 148.95 626.2 2739.309471 C14

C16 2656.22 153.70 36.78 158.04 664.4 2656.215867 C16

C20 2758.62 140.48 36.78 145.21 610.5 2758.6233 C20

C22 2654.59 150.60 36.78 155.03 651.7 2654.593081 C22

C25 3992.87 9.19 36.78 37.91 159.4 3992.873022 C25

C26 2528.77 31.71 0.00 31.71 133.3 C26

P(kN) BM(kNm) Pt
Stress in Conc 

(N/mm2)

Stress in Steel 

(N/mm2)

Permissible 

Stress in 

Concrete

Permissible Stress 

in Steel
Combinations

Max P Case 3992.9 159.38 0.42 5.62 18.83 16.8 440 C25

Max BM Case 2484.6 838.33 0.42 8.20 114.72 16.8 440 C12

Min P Case 2233.3 768.71 0.42 7.52 127.39 16.8 440 #N/A

As per IRC:112-2011, table-6.9, for RH-80%, & 28 days age loading

Design of Reinforcement: ø 1= 1.7 for 150

Dia of Pile = 1350 mm ø 2= 1.5 for 600

Clear cover = 75 mm ø = 1.47 for 675

Dia of Tie = 8 mm Ec,eff = Ecm / (1+ ø)

core dia = Dia of pier - 2*clear cover     = 1200 mm Ecm = 32000 MPa

Grade of Concrete = M - 35 mm Ac = 1431388.153 mm
2

Grade of Steel = Fe - 550 N/mm2 u= 4241.150082 mm

N/mm2 2Ac/u = 675 mm

As per IRC:112-2011, The minimum Ast for Compression member is as follows, Ec,eff = 12955.47 MPa

1). (Length / radius of gyration) < 12 is "Pedestrian Column" Es = 200000.00 MPa

2). (Length / radius of gyration) > 12 is "Other Column" m = 15.44

Radius of Gyration  (Rg)             = Sqrt( I/A) I= 1.63044E+11 mm4

Rg = 338 A = 1431388.153 mm2

Length of pier (L) = 9891

L / Rg = 29 HENCE IT IS 'OTHER COLUMN'

Design of Vertical reinforcement

d' = 95.00

d' / D = 0.07

refer Chart 56 of SP : 16 

p / fck = 0.010

p = 0.35

Asc = p*(area of pier)/100 = 5009.86 mm2 0.15% of C/A = 2147.08 mm2

Minimum Ast required = (0.10N/fyd) or 0.002 C/A 0.10N/fyd = 1050.74 mm2

1050.74 mm2 0.002 C/A = 2862.78 mm2

or 2862.78 mm2

There fore Ast min = 2862.78 mm2

However, For Piles, Minimum Pt = 0.4% Ast= 5725.55 mm2

Asc Required = 6011.83 mm
2

Pt = 0.42 6011.83 (from rare Combination)

Wind Comb

Wind Comb

Wind Comb

Wind Comb

Normal Comb

Wind Comb
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Provide Y- 20 of 20  Nos 6283.19 mm
2

Hence OK Pt Provided = 0.439

Lateral ties 

As per IRC:112-2011, Cl:16.2.3,

Dia of lateral tie is max of below,

i). 8 mm

ii). One quarter of max dia of longitudinal bars 5 mm

Hence provide 8 mm

Spacing of lateral tie is min of belo,

i). 12 times min dia of longitudinal bars 240.00 mm

ii). The least dimension of the column 954.59 mm

iii). 200 mm 200.00 mm

Hence provide 150 mm

Hence provide Y - 8 @ 150 c/c

1 Pile Size  = 1350 mm

2 Grade  of concrete  = M - 35

3 Grade  of steel  = Fe - 550

4 main reinforcement  = Y- 20 of 20  Nos 6283.19 mm
2

5 Lateral Ties   = Y - 8 @ 150 c/c
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Preliminary Design of Single 

pier with open foundation 

supporting 8.5m deck. 



Design of Pier Substructure and Foundation for Piers between 45m and 45m Spans
The Substructure is proposed with single Rectangular Pier with Pier Cap.The Foundation is Open Foundation.The PTFE bearings are proposed on Pier Cap.

Pier Sustructure is analysed for load combinations as per IRC 6-2017 and Designed following IRC 112-2020 codal provisions

This Design note presents  design of Pier substructure and foundation for piers supporting 45m+45m spans.

SCHEDULE OF LEVELS 

Sl.No PIER
FRL at edge of 

Median
EGL Cross Slope

Superstructure 

depth +Wearing 

Coat

PBTL
Foundation top 

Level

Total height of 

Pier (m)

1 P2 902.540 891.914 2.50% 2.481 899.6003 890.814 11.7260

0.65 1.6 1.6 0.65 mt

R1 R2 0.60

1.250

3.7 1.250 2.500

R3 R4

0.600

0.65 1.6 1.6 0.65

4.50 mt

45

45

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



900.0590 (BL)

899.6090 (PBTL)

900

1800.000

0 0

2000.000

EGL = 891.914

FnTL= 890.814 1.1

3000

1900

888.914

        1 ) GENERAL DATA FOR DESIGN

Finished Road Level FRL = 902.540 m

Existing ground level EGL = 891.914 m

Pier Bottom level FnTL = 890.814 m

Found
n
 Bottom Level FnBL = 888.914 m

Bearing Level BL = 900.059 m

45.00 m span SSD = 2.431 m (Excluding wearing coat)

45.00 m span SSD = 2.431 m (Excluding wearing coat)

DATA FOR PIER DESIGN

Overall Span of the Bridge (Left Span) 45.00 m span = 45000 mm   

Effective Span of the Bridge (Left Span) 45.00 m span = 42500 mm

Overall Span of the Bridge (Right Span) 45.00 m span = 45000 mm

Effective Span of the Bridge (Right Span) 45.00 m span = 42500 mm

= 8500 mm

Width of Medain = 1000 mm

9245.000 mm

Width of pier at top (long) = 2500 mm

Length of pier at top (trans) 2000 mm

Pier Cap Width in Long Dir
n

. = 3700.000 mm

Pier Cap Length in Trans Dir
n

. = 4500.000 mm

Straight Depth of Pier Cap = 1800.0 mm PTFE Bearing  

Height of super structure at centre of median 

(LEFT Span)

Height of Super Structure at centre of median 

(RIGHT Span)

Overall Width of Deck

Overall Heigth of Substructure (From Bearing Level to Footing Top Level) =

900

9000 mm
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Size of bearing  for (LEFT Span) 45.00 m span = 600 x 600 x 150 2 Nos

Size of bearing for (RIGHT Span) 45.00 m span = 600 x 600 x 150 2 Nos

Size of Pedestals for (LEFT span) 45.00 m span = 900 x 900 x 300 2 Nos

Size of Pedestals for (RIGHT span) 45.00 m span = 900 x 900 x 300 2 Nos

6995 mm (Max.Height)

Width Of foundation = 9000 mm P

Length of foundation = 10000 mm

Terminated level is considered below EGL = = 3000 mm

Footing Bottom Level = 888.914 m

Thickness of foundatin at face of peir = 1900 mm

Thickness of foundatin at egde = 900 mm

Thickness of Wearing coat = 50 mm

Constants

Density of concrete = 25 kN/m
3

Weight of wearing coat = 2 kN/m
2

Grade of Concrete for Pier Cap,Pier = M - 50 MPa.

Grade of Concrete for Substructure = M - 35 MPa.

Grade of Steel (substructure) = Fe - 550 MPa.

AS PER IRC6:2017, TABLE B.2, PAGE NO 93, THE LOAD FACTORS IS AS UNDER

For Verification of Structural Strength 

1) 1.35 1.35 1.35

2) 1.35 1.35 1.35

3) 1.75 1.75 1.75

4) 1.50 1.15 0.2

5) 1.50 1.15 0.2

6) 0.90 1.5 -

7) - - 1.5

B.1) DEAD LOAD FROM SUPERSTRUCTURE(From STAAD)

Unfactored Loads Unfactored Loads

R1 R2 R3 R4

Self Weight 1319.10 1319.10 DL 1319.10 1319.10

Crash 

Barrier+Median 179.70 179.70 SIDL 179.70 179.70

WC 168.54 168.54 WC 168.54 168.54

Total 1667.34 1667.34 Total 1667.34 1667.34

Right Span- 45 m 

Sl Nos

Wind is Leading & 

VLL is 

accompanying

Loads

SW =

SIDL(W/o WC) =

45.00 m RIGHT span

WIND =

Seismic is 

Leading & VLL 

is accompanying

Total straight Height of Pier (From Pier Cap bottom to Pier Bottom Level) =

VLL is Leading & 

Wind is accompanying

Left Span 45,m

VLL =

45.00 m LEFT span

WC =

Seismic =

BRAKING FORCE =
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Factored Loads Factored Loads

R1 R2 R3 R4

Self Weight 1780.79 1780.79 DL 1780.79 1780.79

Crash 

Barrier+Median 242.60 242.60 SIDL 242.60 242.60

WC 294.95 294.95 WC 294.95 294.95

FPLL 0.00 0.00 FPLL 0.00 0.00

TOTAL 2318.33 2318.33 TOTAL 2318.33 2318.33

3334.68KN eT 3334.68KN

R1/R3 1.6 m 0.000 1.6 m R2/R4

3.2 m

A B

= 1.600 m

= 1.600 m

Eccentricity eT= 0.000 m

MT= 0.00 KNm (Unfactored)

MT= 0.00 KNm (Factored)

Calcluation of Moment due to DL in Longitudinal Direction

eL = 1.250 m

eL = 1.250 m

Factored Longitudinal moment due dead load ML (Factored) = 5795.8 - 5795.81

= 0.0 kN-m

ML For Pier Cap Design= 0.00 (Factored) ML For Pier Cap Design= 0.00 (Unfactored)

ML For Pier Design 0.00 (Factored) ML For Pier Design 0.00 (Unfactored)

B.2) LIVE LOAD FROM SUPERSTRUCTURE
 Following Vehicular Live loads are considered-

(i).   2 Class A vehicle

(ii).  One 70RL Vehicle

(iii).  One 70RN Vehicle

The variations of Live load combination is considered as per Table 2 of IRC 6-2017.

The reduction of longitudinal effect is considered as Cl:205 of IRC 6-2017

Cakculation of Transverse Moment due to Dead load 

45 m Right Span

Cg of Loads from A

Cg of Loads from B

45 m Left Span

RESULTS FROM STAAD- 45 m RIGHT spanRESULTS FROM STAAD- 45.00 m LEFT span
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For 3 lanes Reduction in longitudinal effect  = 10

As per Cl 208 IRC : 6-2017 L = 42.50 m L = 42.50 m

1) For Class A Vehicle, = 9.28%  (Cl:208.2) IF=4.5/(6+L) = 9.28%  (Cl:208.2)

2) For 70R Wheeled Vehicle = 9.28%  (Cl:208.2) L= Effective Span = 9.28%  (Cl:208.2)

Eccentricity in longitudinal direction = 1.25 mt

For  Four lanes 10 percent Reduction

Sl No Vehicle case R1(kN) R2(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 735.80 423.80 662.22 381.42 1043.64 1.250 1304.55 0.430 449.28

2 70R 814.30 126.50 732.87 113.85 846.72 1.250 1058.40 1.170 990.43

Summary of Reactions For Three Lanes: (From STADD Analysis)

For three lanes 10 percent Reduction

Eccentricity in longitudinal direction = 1.250 mt

Sl No
Vehicle case R6(kN) R7(kN)

R6(kN) Lane 

Reduction

R7(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction) eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 735.20 423.30 661.68 380.97 1042.65 1.250 1303.31 0.431 449.14

2 70R 813.60 127.20 732.24 114.48 846.72 1.250 1058.40 1.167 988.42

Eccentricity in longitudinal direction = 1.25 mt

Sl No
Vehicle case R1(kN) R2(kN)

R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction) eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 673.33 387.82 673.33 387.82 1061.14 1.250 1326.43 0.43 456.82

2 70R 745.16 115.76 670.65 104.18 774.83 1.250 968.54 1.17 906.34

Sl No Vehicle case R6(kN) R7(kN)
R6(kN) Lane 

Reduction

R7(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 672.78 387.36 672.78 387.36 1060.14 1.250 1325.17 0.43 456.67

2 70R 744.52 116.40 670.07 104.76 774.83 1.250 968.54 1.17 904.49

Summary of Reactions  (From STADD Analysis)

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

1 2CA 194.78 76.22 200.67 78.53 175.30 68.60 180.60 70.68

2 70R 452.47 73.10 443.54 71.65 407.22 65.79 399.19 64.49

 a) Vehicular Live Load from Staad pro.for 45.00 m LEFT Span (With impact Factor)

 c) Vehicular Live Load from Staad pro.for 45.00 m LEFT Span (Without impact Factor)

e) Vehicle on Both  spans; 

 d) Vehicular Live Load from Staad pro.for 45.00 m LEFT Span (Without impact Factor)

Impact Factor :

 b) Vehicular Live Load from Staad pro.for 45.00 m RIGHT Span (With impact Factor)

L= Effective 

Span

For 45.00  m RIGHT spanFor 45.00m LEFT span
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Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

495.18 1.250 9.22 0.70 346.61

936.68 1.250 11.68 1.15 1081.81

f) Vehicle on Both span(Without impact Factor);

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

1 2CA 178.24 69.75 183.63 71.86 178.24 69.75 183.63 71.86

2 70R 414.05 66.89 405.88 65.57 372.65 60.20 365.29 59.01

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

503.48 1.250 629.36 0.70 352.42

857.15 1.250 1071.44 1.15 989.96

B.3 Braking Force ( As per cl 211.2, IRC: 6- 2017)

1.2 mt above road level

ML= HL x L.A

L.A = Lever Arm

42.50 m

1) FRL = 902.540 m

    Wearing coat = 0.05 m

2.431 m

L.A = 2.481 + 1.2 = 3.68 m

Sl No Vehicle case
1

st
,2

nd
 and 

3
rd

LANE in kN
3

rd 
LANE in kN

1
st
 & 2

nd 

LANE(20%) in kN

3
rd 

LANE(10%) 

in kN
Total HL in kN

ML=HL x L.A in 

kNm

1 2CA 1108.000 1108.000 221.600 110.800 332.400 1223.564

2 70R 1000.000 0.000 200.000 0.000 200.000 736.200

Add Axial load(kN) Add Axial HL (kN) per HL (kN) per 

28.790 14.395 166.200 83.10

17.322 8.661 100.000 50.00

Depth of super structure=

Effective span (L) = 

Braking force is acts at 

For 45.00m LEFT span

====
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2) 

    Wearing coat = 0.05 m 42.5 m

2.431 m FRL = 902.540 m

L.A = 2.481 + 1.2 = 3.68 m

Sl No Vehicle case
1

st
 & 2

nd
 LANE in 

kN
3

rd 
LANE in kN

1
st
 & 2

nd 

LANE(20%) in kN

3
rd 

LANE(5%) 

in kN
Total HL in kN

ML=HL x L.A in 

kNm

1 2CA 1108 1108.00 221.60 110.80 332.40 1223.56

2 70R 1000 0.00 200.00 0.00 200.00 736.20

Add Axial load(kN) Add Axial HL (kN) per HL (kN) per 

28.79 14.39 166.20 83.10

17.32 8.66 100.00 50.00

Specimen calculations:

Additional axial load at bearing level= 332.4x(2.481+1.2)/42.5 28.790 kN

B.4 Friction Force (Normal Case): As per Cl.211.5.1.1 IRC:6-2017

Fixed Bearings : Fh - µ (Rg + Rq) or (Fh/2) + µ (Rg + Rq)

Fh  = Applied Horizontal Force Due to Braking Effect

µ  = Co-efficent Friction 0.05 For Surface between PTFE and Steel

Rg  = Reaction @ Free End due to Dead load

Rq  = Reaction @ Free End due to Live load

Free Bearings : µ(Rg+Rq)

µ  = Co-efficent Friction 0.05

Rg  = Reaction @ Free End due to Dead load

Rq  = Reaction @ Free End due to Live load

(one Span loaded case) (With impact Factor):   Horizontal Force @ Bearing Level

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

µ (Rg + Rq) per 

Bearing

µ (Rg ) per 

Bearing

1 2CA 0.00 0.05 3334.68 1043.64 109.4580 83.367

2 70R 0.00 0.05 3334.68 846.72 104.5350 83.367

(one Span loaded case) (With impact Factor):   Horizontal Force @ Bearing Level

Sl No Vehicle case Fh µ Rg Rq

Fh+ µ (Rg + Rq) 

per Bearing

1 2CA 332.400 0.050 3334.680 1042.650 275.633

2 70R 200.000 0.050 3334.680 846.720 204.535

For 45.00m LEFT span

218.92

209.07

Fh+µ (Rg + Rq) @ Fixed Bearing

 µ (Rg + Rq) @ Free Bearing

Effective span (L) = 

For 45.00  m RIGHT span

551.27

409.07

Depth of super structure=

For 45.00  m RIGHT span

218.92

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



B.6 Wind load calculation as per IRC 6:2017 Cl:209

Wind Speed at the Project Site 33 m/s

Avg Ht of the deck above EGL 11.626 m (ht of superstr+1m Crash barrier)

Type of Terrain Since the Grade separator is inside the city with well developed Buildings.

Height Pz

Upto 10 0.1905

15 0.2305

20 0.2650

11.626 m 0.203

Pressure as per table 0.203 kN/sqm FRL 902.540

Pressure as per table, corresponds to basic wind speed of 33 m/s

Design wind pressure =( wind speed at site^2/33^2) x Wind pressure corresponding to 33 m/sec

Deisgn wind pressure = 0.2026137x(33^2/33^2= 0.203 kN/sqm

Design Pressure Pz= 0.203 kN/sqm GL 891.914

Wind Force in Transverse direction = Pz X A1 X G X Cd

G = gust factor = 2.00

Cd = drag coeff = 1.1 for Slab bridges with b/d>10

1.5 for Box/single beam b/d 2

1.3 for Box/single beam b/d> 6

2.25 for 2 or more Box/ beam b/d 2

1.95 for 2 or more Box/ beam b/d > 6

2.20 for single plate girder

2(1+c/20d) for multiple plate girders C= Centre to centre distance of adjacent girders = 1.60 m d = 2.481 m

Cd = 1.425 Corresponding to 2 or more beams

Wind on Superstructure :

Wind Force in Transverse direction = Pz X A1 X G X Cd

Length of span from Centre to centre of Expansion Joint = 45 m Length of span from Centre to centre of Expansion Joint = 45 m

Effective Span = 42.5 m Effective Span = L = 42.50 m

Width of Deck = 8.5 m Width of Deck = 8.5 m

Superstructure Depth 2.481 m Superstructure Depth 2.481 m

 SSD= 2.481 m Total depth SSD = 2.481 m

 CBD= 1.00m 3.481 m CBD= 1.000 m 3.481 m

Area of Superstructure = 3.481 x 45.000 156.645 Area of Superstructure = 3.481 x 45.000 156.645

Force in Transverse direction = Pz X A1 X G X Cd Force in Transverse direction = Pz X A1 X G X Cd

FT = 0.203x156.645x2x1.425 90.45 m
2

FT = 0.203x45x2x1.425 90.45 m
2

L.A = 3.481 /2 = 1.741 m L.A = 3.481 /2 = 1.741 m

= 157 KNm = 157   KNm

MT Bearing Level / span = 79 KNm MT Bearing Level / span = 79   KNm

Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 78.72/3.2 24.599 kN Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 78.72/3.2 24.599 kN

Horizontal Force @ Bearing level  per span = = 45.227 kN Horizontal Force @ Bearing level  per span= 45.227 kN

Force in long dir
n
 = 0.25 times FT = 22.614 kN Force in long dir

n
 = 0.25 times FT = 22.614 kN

Add
n 

axial load  = 22.62/42.5 = 0.5 kN Add
n 

axial load  = 22.62/42.5 = 0.53 kN

MT Bearing Level due to  45.00 m span

MT Bearing Level due to  45.00 m span

Wind Force in Transverse direction = Pz X A1 X G X Cd

Total depth =(Superstucture Depth + Crash 

barrier height (1m) )

Terrain with Obstructions

MT Bearing Level due to  45.00 m span

For 45.00  m RIGHT span

MT Bearing Level due to  45.00 m span

For 45.00m LEFT span
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24.599 KN R2 24.599 KN

R1 0.00 KN R3 0.00 KN

R4 R7 R8

0.0 m 0.00 KN 24.60 KN 0.00 m 0.00 KN 24.60 KN

1.60 m R2 1.60 m R4

Wind Force on Vertical (+/-)  Wind Force on Vertical (+/-)  

Fv = Pz X A3 X G X CL ( As per IRC 6-2017,Cl:209.3.5) Fv = Pz X A3 X G X CL ( As per IRC 6-2017,Cl:209.3.5)

A3   = Area of Superstructure (plan area) 45.0 x 8.5 A3   =Area of Superstructure (plan area) 45.0 x 8.5

A3   = 382.500 m
2

A3   = 382.5 m
2

CL = lift coeff = 0.750 for Slab/ box/ I girders and plate girders CL = lift coeff = 0.750

Fv = 0.203x382.5x2x0.75 = = 116.2KN Fv = 0.203x382.5x2x0.75 = = 116.2KN KN

Fv/ one side  = = = 58.1KN Fv/ one side  = = 58.1KN

58.125 = 29.1KN 58.12 = = 29.1KN

2 2

Wind on Live Load  :

Force in Transverse direction = Pz X A1 X G X Cd Force in Transverse direction = Pz X A1 X G X Cd

Ht of super structure +Crash Barrier  = 3.481 m Ht of super structure +Crash Barrier  = 3.48 m

Ht of vehicle considerded above Crash barrier= =3-1 2.0 m Ht of vehicle considerded above Crash barrier= 2.0 m

Area of Superstructure 2 x 45.0 = 90.0m2 Area of Superstructure A1 = 2 x 45.0 = 90.0m2

Cd = 1.2 Cd = 1.2

L.A = 2.000 /2 + 3.481  = 4.481 m L.A = 2.000 /2 + 3.481  = 4.481 m

FT = 0.203x90x2x1.2 = 43.76KN FT = 0.203x90x2x1.2 = 43.76KN

43.76KN

L.A = 4.481 m L.A = 4.481 m

MT= 43.765 x 4.481 = 196 KNm MT= 43.765 x 4.481 = 196 KNm

MT Bearing Level / span = 98 KNm MT Bearing Level / span = 98 KNm

98.06/3.2 = 30.6KN Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  = 98.06/3.2 = 30.6KN

Horizontal Force @ Bearing level per span = = 21.9KN Horizontal Force @ Bearing level  per span = = 21.88KN

Force in long dir
n
 = 0.25 times FT = 10.9KN Force in long dir

n
 = 0.25 times FT = 10.94KN

Add
n 

axial load  = = 0.6KN Add
n 

axial load  = 0.25x98.06/42.5 = 0.58KN

30.642 KN R2 30.642 KN R7

R1 0.00 KN R3 0.00 KN

R4 R8

0.0 m 0.00 KN 30.64 KN 0.00 m 0.00 KN 30.64 KN

1.60 m R2 1.60 m R4

Vertical Force per Bearing =

For 45.00  m RIGHT span

MT Bearing Level due to  45.00 m span

Vertical Force per Bearing =

For 45.00 m span

MT Bearing Level due to  45.00 m span

Add
n 

axial load  =  MT/(Eff.Bearing Spacing)  =

For 45.00 m span

=

MT Bearing Level due to  45.00 m span

0.25x98.06/42.5

For 45.00m LEFT span

MT Bearing Level due to  45.00 m span

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



Summary of  wind force at bearing level :

Sl No HT (kN)
HT / Bearing 

(kN)
HL (kN)

HL / Bearing 

(kN)

Vertical 

Force(kN) / 

One side of 

span

Vertical 

Force(kN) / 

Bearing

1 67.11 33.55 16.8 8.39 114.5 57.24

2 45.23 22.61 11.3 5.65 83.3 41.63

3 67.11 33.555 16.8 8.389 114.5 57.238

4 45.23 22.614 11.3 5.653 83.3 41.628

DESIGN OF PIER CAP:

Distance from Face of Beam  to cg of load a = 600.00 mm 45.00 m span = 1

Thickness of corbel//Pier beam at face h = 1800.000 mm

Effective depth of corbel/Pier beam d' = 1706.500 mm 45.00 m span = 1

d = 1365.200 (0.8d')

Thickness of Pier beam at end S = 900.000 mm

Eff. width of beam b = 3700.000 mm

Checks actual

If a/d' <= a/d' = 0.352 Vu/bd <= 0.15fc 1.237 < 7.500 safe

Since a/d' >1, Hence Design as corbel

R1/R3 0.0 Lever Arms w.r.t face of pier

0.0 L.A6= 0.000 m

650.0 600.0 L.A2= 0.000 m

600.00 4500.00 mm L.A3= 0.600 m

L.A1= 0.600 m

900 1.692 m 0.55

1732 1800 mm Face of Pedestal-1

 ' d '

51.2 kN/m

0.45 m 156.5 kN/m

167 kN/m

-1.13 m 2000.00 mm 13.5 kN/m

1250.00 83 kN/m 1.10 0

Pier Width 0.90 1.25

Pier Beam width = 3700 mm 0.15

Total length of Pier beam = 4500 mm -0.48

Pier Width   = 2000 mm Pier Beam Loading

Summary of Forces on Pier Cap (Pier Beam) (TABLE No -1)

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

R1 2318.33 0.00 1391.00 1667.34 0.00 1000.40 1667.34 0.00 1000.40

R3 2318.33 0.00 1391.00 1667.34 0.00 1000.40 1667.34 0.00 1000.40

Pedestal Loading

 Wind on Unloaded structure from 45.00m span (One side of RIGHT span)

 Wind on Unloaded structure from 45.00m span (One side of LEFT span)

1.0    Design as a Corbel

No of Bearings on Cantilever 

Portion of Beam from RIGHT 

No of Bearings on Cantilever 

Portion of Beam from LEFT 

Loads for Rare combinationLoads for Factored Combination Loads for Frequent combination

Type of Loads

Load case

Dead Load from 

Superstructure w.r.t to 

face of Pier

 Wind on loaded structure from 45.00m span (One side of RIGHT span)

1) Forces on Pier Cap due to Dead load 

 Wind on loaded structure from 45.00m span (One side of LEFT span)
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Dead Load from 

superstructure w.r.t to 

face of Pedestal-@ 

(R1 +R5)

R1+R3 4636.65 0.00 2086.49 3334.68 0.00 1500.61 3334.68 0.00 1500.61

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

R1 1099.31 1374.13 659.58 732.87 916.09 439.72 549.65 687.07 329.79

R3 1098.36 1372.95 659.02 732.24 915.30 439.34 549.18 686.48 329.51

VLL (One Span) w.r.t 

face of Pedestal@ 
R1 1099.31 1374.13 494.69 732.87 916.09 329.79 549.65 687.07 247.34

R1 610.83 15.07 366.50 407.22 10.05 244.33 305.42 7.53 183.25

R3 598.78 0.00 359.27 399.19 0.00 239.51 299.39 0.00 179.63

1209.61 15.07 544.33 407.22 10.05 183.25 305.42 7.53 137.44

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

21.59 369.42 12.96 14.39 246.28 8.64 10.80 184.71 6.48

21.59
351.69

9.72 14.39 234.46 8.64 10.80 175.84 6.48

21.59 930.26 12.96 14.39 620.17 8.64 10.80 465.13 6.48

21.59
657.17

9.72 14.39 438.11 6.48 10.80 328.59 4.86

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

210.73 117.04 156.09 86.70 156.09 97.56

178.02 87.92 131.87 0.00 65.13 131.87 0.00 65.13

3) Forces on Pier Cap due to Braking Force and Frictional Force

Loads for Rare combination

Braking force w.r.t face of Pier (R3)

Loads for Factored Combination

Type of Loads

Braking force w.r.t face of Pedestal@ (R3)

Pier Beam w.r .t face of Pier

Cerntrifugal Force w.r.t w.r.t 'd' from face of 

pier

Braking force w.r.t face of Pedestal@ (R1)

Centrifugal Force Due to Curvature effect 

Loads for Rare combination

Force due to Self Weight of Pier Beam

Loads for Frequent combination

4) Force due to Self Weight of Pier Beam and Pedestal 

Cerntrifugal Force at face of Pedestal@R1

2) Forces on Pier Cap due to Vehicular Live load 

Loads for Frequent combination

Type of Loads

Loads for Frequent combination

VLL (Both Span) 

w.r.t face of Pier 
VLL (Both Span) w.r.t face of Pedestal-

(R1+R5)

Pier Beam w.r .t face of Pedestal

VLL (One Span) w.r.t 

face of Pier

Loads for Factored Combination

Cerntrifugal Force at face of pier 

Loads for Rare combinationLoads for Factored Combination

Braking force w.r.t face of Pier (R1)

Braking and Frictional Force at Bearing level (LEFT From 33.4m span)

Braking and Frictional Force at Bearing level (RIGHT From 33.4m span)

Type of Loads
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16.40 9.84 12.15 0.00 7.29 12.15 0.00 7.29

16.40 7.38 12.15 0.00 5.47 12.15 0.00 5.47

P (Shear) in kN
ML (Torsion) in kN-

m
B.M  (MT) in kN-m P in kN

ML (Torsion) 

in kN-m

B.M  (MT) in      

kN-m
P in kN

ML (Torsion) in 

kN-m

B.M  (MT) in    

kN-m

44.28 81.22 324.86 29.52 54.14 216.58 24.60 45.12 180.48

44.28 79.02 316.07 29.52 52.68 210.71 24.60 43.90 175.59

55.16 66.28 265.12 36.77 44.19 176.75 30.64 36.82 147.29

55.16 65.22 260.87 36.77 43.48 173.91 30.64 36.23 144.93

52.31 0.00 31.39 34.87 0.00 20.92 29.06 0.00 17.44

52.31 0.00 23.54 34.87 0.00 15.69 29.06 0.00 13.08

Comb:-1 DL+VLL (Braking,Centrifugal,Frictional Force)+Wind Load (VLL One Span Condition)

Comb:-2 DL+VLL (Braking,Centrifugal,Frictional Force)+Wind Load (VLL Both Span Condition)

Summary of Forces (TABLE No -2) (Combination 1)

P (Shear) in kN
ML (Torsion) in kN-

m
B.M in kN-m P (Shear) in kN

ML (Torsion) 

in kN-m
B.M in kN-m

P (Shear) in 

kN

ML (Torsion) in 

kN-m
B.M in kN-m

Factored Combination
6136.4 2451.89 4202.8 6103.7 2175.5 3286.7 5873.8 1609.0 -6140.6

Rare Combination 4351.35 1634.59 2957.40 4327.13 1450.36 2309.95 4156.82 157.39 -4344.95

Frequent Combination 4147.68 1234.14 2787.13 4123.45 1095.78 2158.62 3953.14 124.15 -4182.22
Quasi Permanent 

Combination 3502.92 0.00 2094.80 4831.07 0.00 2181.79 3308.39 0.00 -3778.53

Summary of Forces (TABLE No -3) (Combination 2)

P (Shear) in kN
ML (Torsion) in kN-

m
B.M in kN-m P (Shear) in kN

ML (Torsion) 

in kN-m
B.M in kN-m P (Shear) in kN

ML (Torsion) in 

kN-m
B.M in kN-m

Factored Combination
6246.7 1462.25 4269.0 6214.0 1168.2 3336.3 5385.33 249.98 -5588.97

Rare Combination 4424.89 728.55 3001.53 4001.48 544.32 2163.41 3831.17 166.65 -3977.20

Frequent Combination 4202.83 554.61 2820.22 3879.22 416.25 2048.71 3861.62 131.09 -4079.20

Pedestal w.r.t to face of Pier @ (R1+R3)

Loads for Rare combination Loads for Frequent combination

Vertical force due to Wind 

Pier Cap Forces  w.r.t 'd' from face of Pier

Pier Cap Forces  w.r.t 'd' from face of Pier

Load Combination

Pier Cap Forces  w.r.t face of Pier

Verticle wind load  per Bearing w.r.t face of 

Pier @ (R1+R3)

Wind on Super Structure  w.r.t face of Pier @ 

(R1+R3)

Wind on Live Load    w.r.t face of Pedestal-

@ (R1+R3)

Pier Cap Forces  w.r.t face of Pedestal @ (R1+R5)

Pedestal w.r.t to face of Pedestal-@ (R1+R3)

Force due to Self Weight of Pedestal

Loads for Factored Combination

Wind Forces on Live Load

Verticle wind load  per Bearing w.r.t face of 

Pedestal-@ (R1+R3)

Pier Cap Forces  w.r.t face of Pedestal @ (R1+R5)

Load Combination

5) Forces due to Wind on Pier Cap

Wind on Super Structure  w.r.t face of 

Pedestal-@ (R1+R3)

Type of Loads

Wind on Live Load  w.r.t face of Pier @ 

(R1+R3)

Wind Forces on Super structure

Load Combinations:

Pier Cap Forces  w.r.t face of Pier
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Quasi Permanent 

Combination 3502.92 0.00 2094.80 3478.70 0.00 1571.20 3308.39 0.00 -3778.53

1) DESIGN OF PIER CAP

Grade of concrete   = M50

Grade of steel   = Fe550

Q      = 0.133 fck (for Fe 550)

Q     = 6.65 N/mm2

Design Moment = 4268.97 kNm Clear Cover = 40 mm

Effective Depth Reqd "deff" = M Bar Dia = 25 mm

Q x B

deff reqd: = 4268.97 x 1000000

6.65 x 3700

= 416.53 mm < 1731.50 mm O.K

deff provided = 1800  - 40  - 16.0 = 1731.50

Area of steel required   (Ast )  = (50*fck/fy)*(1-sqrt(1-(4.5*Mu/(fck*b*d
2
))))*b*d/100

. 
.
 . Ast reqd = mm

2

Ast reqd for launching Girder case = mm
2

As1 = 490.9 mm
2

No of bars Reqd: = 6475.2 13.19 18 Nos

490.9

Spacing of Bars = 3700 = 205.56 mm

18

So provide 25 mm dia bars , 206 mm c/c spacing  in 1 layer of 18 Nos

Ast Provided 8835.7 mm
2

OR 25 mm dia bars , 411 mm c/c spacing  in 2 layers of 9 Nos

OR 25 mm dia bars , 617 mm c/c spacing  in 3 layers of 6 Nos

Compression reinforcement 16 mm dia bars , of 18 Nos

1) Stress Check Calculation As per IRC 112-2020 (Quasi Permanent Combination-Table No B.3 of IRC6-2017)

Width of pier beam = b=

Thickness of Beam (mm) h =

Dia of main Bar (mm)

Effective Depth (deff) mm L.A= d - Xu/3

Max Moment (kN-m) Stress in Steel = M/ ( Ast xL.A)

Stress in concrete= M/ ( 0.5.Xu.b.(L.A)

a 1850.00

b Xu
2 

/2  =m Ast (d-Xu) b 122690.41

c -212438450

Xu 1 = 307.33

Stress in Steel (N/mm2) Xu 2= -373.65

Permissible stress in steel

Check for stree in steel

Stress in Concrete (N/mm2)

440

1732

2094.80

XU (mm)  =

L.A (mm) =

Hence OK

3700

Check for Serviceability Limit State

6475.16

0.00

25

8836

Es (N/mm
2
) 200000

(Ref Table No-2 and 3)

Ast pro (mm2)

1800

307.33

Ecm (N/mm
2
) 14403

m  =  α  = Es/Ecm 13.89

1629.06

145.53

2.26
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Permissible stress in concrete

Check for stree in concrete

2) Crack Width Calculation As per IRC 112-2020 (Quasi Permanent Combination-Table No B.3 of IRC6-2017) (As per IRC 112-2020, Cl:12.3.4)

ssc  (N/mm
2
)

2.5 (h - d)

(h - Xu/3) 

h / 2

k1  =

k2  =

Spacing 5( c + F/2) =

Case(i) Sr.max (mm)=

Case(ii) Sr.max (mm) =

3) Stress Check for Provided Steel (Rare Combination) (As per Table No B.3 of IRC6-2017)

Width of pier beam = b=

Thickness of Beam (mm) h =

Dia of main Bar (mm) L.A= d - Xu/3

Effective Depth (deff) mm

Stress in Steel = M/ ( Ast xL.A)

Max Moment (kN-m) Stress in concrete= M/ ( 0.5.Xu.b.(L.A)

a 1850.00

25

200000

h (mm)

Ast pro (mm2)

102.91

18

Hence OK

206

145.53

1800.00

Max Moment (kN-m) 2094.80

d (mm)

Ast pro As (mm
2
) 8835.73

Cmin (mm) 40

acr (mm)

kt   =

497.6

0.5

1732

3700

900.0

Check for Crack Width

3001.53

Es (N/mm
2
)

0.5

1940.47

Hence OK

Sr.max (mm) =

8836

262.50

Wk (mm) = 0.192

440.77

1800

esm - ecm     =

≥ 0.0004

Xu (mm)

Es (N/mm
2
) 200000

Ecm (N/mm
2
) 14403

m  =  α  = Es/Ecm 13.89

Dia of main Bar (mm) 25

Spacing of Bars (mm)

rP,eff   =

440.77

fct,eff (N/mm
2
) 3.5

0.8

0.0004

633625.00Ac,eff = b*hc,eff (mm
2
)

0.0139

hc,eff least of

171.3

esm - ecm     =

0.0000

307.33

1731.50

IRC 112-2020
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b Xu
2 

/2  =m Ast (d-Xu) b 122690.41

c -212438450

Xu 1 = 307.33

Xu 2= -373.65

Stress in Steel (N/mm2)

Permissible stress in steel

Check for stree in steel

Stress in Concrete (N/mm2)

Permissible stress in concrete

Check for stree in concrete

4) Deflection Check (By Freqent Combination-Table No B.3 of IRC6-2017)

Deflection =  P*l
3

 / 3EI

I = M.I = bD
3
/12 = 1.7982E+12 mm2

Ec,eff = Ecm / (1+ ø)

Ecm = 35000 MPa ( as per IRC-112, table-6.5 )

P = 4202.83 KN

As per IRC:112-2020, table-6.9, for RH-80%, & 28 days age loading L = 0.60 m

ø 1= 1.9 for 150

ø 2= 1.7 for 600

ø = 1.43 for 1211 2Ac/u  = 1210.91

Ec,eff = 14403.29

deflection = 0.01 mm

For cantiliver, as per IRC-112:2020, Cl:12.4.1(2)

δ = span / 300 2.00 mm

> 0.01 Hence OK

Check for Shear (As per Cl 10.3 of IRC 112-2020)

pedestal size= 0.90 x 0.90 x 0.30 mt

R1/R3 0

650 600.0 0

0.0 4500 mm

900 553.3

1800 mm

1692.0

1100 1250.00

1731.5 2000.00 mm

Check for Shear at the face of Pedestal @ (R1+R3)

3700 mm

1692.0 mm

3.24

208.53

XU (mm)  =

Hence OK

Hence OK

m  =  α  = Es/Ecm

307.33

1629.06L.A (mm) =

Widh of Pier Cap (B) =

Depth at face of Pedestal (D)=

Ecm (N/mm
2
)

440

(Ref Table No-2 and 3)

 For Cantiliver Slab 

24

14403

13.89
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1598.5 mm

Total Shear force at face of Pedestal = 6214.0 KN

Moment at face of Pedestal (MT) = 3336.3 KNm

Effect of Torsion 

According to IRC:112-2020, Cl:10.5.2.1 (1), to find the "Design Torsional Shear Force"

Shear stress (tt,i)

TEd = 2175.5 kN-m

A = 6260400.0 mm2

U = 10784.0 mm

tef,i = 580.53 mm

Ak = 3467211.3 mm2

Zi = 3700.0 mm

tt,i = 0.5 N/mm2

Design torsional shear force (VEd,i)

VEd,i = tt,itef,iZi

= 0.54 x 580.53 x 3700

= 1160801.18 N

= 1160.80 kN

Total shear force (VNS) = 6,214.03 + 1,160.80

= 7374.83 kN

Shear due to depth of Varying section

(From IS 456-2000 Cl:40.1.1) Shear due to Beams of Varying depth = Mu x tan β

d

1100.0

β

792 β  = 0.62

tan β  = 792.00 = 0.72

1100.00

Mu  = 3336.3 KNm

(From  IS 456-2000 Mu x tan β = 1502.75 KN

d

Resultant Shear Force  = VEd-Mu x tan β/d   = 5872.08 kN

Effective depth at face of Pedestal (d)=
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Check for V Rd.c (As per Cl 10.3.2 of IRC 112-2020)

ρ1  = 0.001

= 0.001

K = 1.35

NEd = 0.00 KN

Ac = 6260400.0 mm
2

σp  = 0.00 N/mm
2

VRd.c = 2934.11 kN

VEd  = 5872.08 kN

VRd.c < VEd  

Hence Shear Reinforcement Required

As per A4.6.1, eq A4.5, IRC:112-2020,

VNS = (ASW / S) * z * fywd * cot θ

fywd = 434.78 N/mm
2

= (ASW  * z * fywd * cot θ / VNS

= 171 mm

Assuming

Hence proved 8 L Y - 16 @ 130 mm c/c

Check for crushing of concrete (As per Cl 10.3.3.2 of IRC 112-2020)

VRD.max = αcw * bw * z * vi * fcd / (cotθ + tanθ)

VRD.max = Crushing of compressive force for concrete

αcw = 1

bw = 3700 mm

vi = 0.50 v=0.6*(1-fck/310)

fcd = 22.30 N/mm2

Spacing (S) required

At the face of Pedestal @ (R1+R3)
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Z = 1438.650 mm

VRD.max = 29867.2 > 7117.0 kN

Hence Safe

Combined Check for Torsion and Shear (As per Cl 10.5.2 (4) of IRC 112-2020)

TRd.max = 2v * αcw * fcd * Ak * tef.i * sinθ * cosθ

TEd = 2175.54 kN-m

TRd.max =

VEd = 6214.03 kN

VRd.max = 29867.21 kN

v = 0.50

TRd.max =

Ak = 3467211.26 mm2

A= 6260400.00 mm2

u = 10784.00 mm

tef.i = 580.53 mm

TRd.max = 22580.79 kN-m

(TEd / TRd.max) + (VEd / VRd.max) ≤ 1.0 = 0.304

Hence Safe

Torsional Reinforcement (As per Cl 10.5.2 (5) of IRC 112-2020)

Ak  = 3.47 m2

Ted
 
  = 2175.54 kN-m

uk  = 8.46 m

fyd  = 478.26 N/mm2

TEd * cotθ * uk

2Ak * fyd

2,175.54x cot (1) x 8.46

2 x 3.47x47,82,60,869.57

0.0056 m2

5550.84 mm2

Required Longitudinal reinforcement will be distributed on 4 faces

Ast per face = 1387.710315

Hence Provide Y - 20 9 Nos

Summary of Pier Cap Design:

Σasl  =

At the face of Pedestal @ (R1+R3)

Σasl  =

(b-tef,i) x (D-tef,i)

At the face of Pedestal @ (R1 +R3) 
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1 pier cap size  = 4500 x 3700 x 1800 / 900.0 mm

2 Grade of concrete  = M - 50

3 Grade of steel  = Fe - 550

4 25 18 Nos  in One layer or 9 Nos  in Two layers

4a Y 16 18 Nos

5 Vertical stirrups  = 8 L - Y 16 130 c/c in Trasverse direction

6 Torsional Reinforcement Y 20 9 Nos on either side of Pier beam in Transverse Direction

3 ) DESIGN OF PIER
Forces at Base of the pier and Foundation bottom:

Sl No Vehicle case R1(kN) R2(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 673.33 387.82 673.33 387.82 1061.14 1.25 1326.43 0.43 456.82

2 70R 745.16 115.76 670.65 104.18 774.83 1.25 968.54 1.17 906.34

Sl No Vehicle case R6(kN) R7(kN)
R6(kN) Lane 

Reduction

R7(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

eL (mt) ML (kNm) eT (mt) MT (kNm)

1 2CA 672.78 387.36 672.78 387.36 1060.14 1.25 1325.17 0.43 456.67

2 70R 744.52 116.40 670.07 104.76 774.83 1.25 968.54 1.17 904.49

iii) Vehicle on Both Spans(without imact factor):

Sl No Vehicle case R1(kN) R2(kN) R3(kN) R4(kN)
R1(kN) Lane 

Reduction

R2(kN) Lane 

Reduction

R3(kN) Lane 

Reduction

R4(kN) Lane 

Reduction

Total  reaction 

(kN)(Lane 

Reduction)

1 2CA 178.24 69.75 183.63 71.86 175.30 68.60 180.60 70.68 495.18

2 70R 414.05 66.89 405.88 65.57 407.22 65.79 399.19 64.49 936.68

eL (mt) ML (kNm) eT (mt) MT (kNm)

1.3 9.225 0.700 346.61

1.3 11.677 1.155 1081.81

Sl No Vehicle case
1st,2nd and 

3rdLANE in kN
3rd LANE in kN

1st & 2nd 

LANE(20%) in kN

3rd LANE(10%) 

in kN
Total HL in kN

HL per Trestle 

(kN)

L.A For Pier 

Base

1 2CA 1108.00 1108.00 221.60 110.80 332.40 166.20 9.25

2 70R 1000.00 0.00 200.00 0.00 200.00 100.00 9.25

i) Vehicle on one span for 45.00 m LEFT Span) (Without impact Factor)

Tension Reinforcement in Transverse 

Direction =

Compression Reinforcement in Transverse 

Direction =

ii) Vehicle on one span for 45.00 m RIGHT Span) (Without impact Factor)

iv A )Braking force from 45.00 m LEFT Span
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ML @ pier base LA for Found
n 

ML @ Found
n Add Axial load(kN)

1536.52 11.15 1852.30 36.153

924.50 11.15 1114.50 21.753

Sl No Vehicle case
1st,2nd and 

3rdLANE in kN
3rd LANE in kN

1st & 2nd 

LANE(20%) in kN

3rd LANE(10%) 

in kN
Total HL in kN

HL per Trestle 

(kN)

L.A For Pier 

Base

1 2CA 1108.00 1108.00 221.60 110.80 332.40 166.20 9.25

2 70R 1000.00 0.00 200.00 0.00 200.00 100.00 9.25

1536.52 11.15 1852.30 36.153

924.50 11.15 1114.50 21.753

iv A)Longitudinal Effect:(Frictional force) (From 30m LEFT span)

(one Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (Single Span)

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing

1 2CA 0.00 0.05 3334.68 1043.64 218.92

2 70R 0.00 0.05 3334.68 846.72 209.07

0.05

L.A For Pier Base ML @ pier base
LA for Found

n 

Bottom
ML @ Found

n
 base µ Rg

9.25 2023.88 11.15 2439.82 166.734

9.25 1932.85 11.15 2330.09 166.734

B)Longitudinal Effect:(Frictional force) (From 33.4m LEFT span)

(Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (Single Span)

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
L.A For Pier Base

ML @ pier 

base

LA for Found
n 

Bottom

ML @ Found
n 

base

1 2CA 0.00 0.05 3334.68 247.99 179.13 9.25 1656.09 11.15 1996.44

2 70R 0.00 0.05 3334.68 432.85 188.38 9.25 1741.54 11.15 2099.46

B)Longitudinal Effect:(Frictional force) (From 33.4m RIGHT span)

(One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

LA for Foundn 

Bottom

ML @ Foundn 

base

iv B)Braking force from 45.00 m RIGHT Span

Add Axial load(kN)ML @ pier base
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Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

1 2CA 332.40 0.05 3334.68 1042.65 551.27

2 70R 200.00 0.05 3334.68 846.72 409.07

L.A For Pier Base ML @ pier base
LA for Found

n 

Bottom
ML @ Found

n
 base µ Rg

9.25 5096.46 11.15 6143.87 166.734

9.25 3781.85 11.15 4559.09 166.734

C)Longitudinal Effect:(Frictional force) (From 30m RIGHT span)

(Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

Sl No Vehicle case Fh µ 
Rg / one side of 

span

Rq (one side of 

span)

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

L.A For Pier Base
ML @ pier 

base

LA for Found
n 

Bottom

ML @ Found
n 

base

2 2CA 332.40 0.05 3334.68 255.49 511.91 9.25 4732.60 11.15 5705.22

3 70R 200.00 0.05 3334.68 424.30 387.95 9.25 3586.59 11.15 4323.69

v) SELF WEIGHT OF PIER  AND PIER SUBSTRUCTURE: B= 3.7

Pedastal size= 0.2430 m
3

6.995 mt

No of pedastal= 4.0 0.9 4.5

Total sw of pedastal= 24.3 kN 1.8

sw of pier beam  = 645.2 kN 0.9 1.25

Area of pier = 5.00 m
2

2

sw of pier   = 874.4 kN

Total sw          = 1543.9 kN

vi) Wind Force

Wind on Pier Beam :

Width of Pier Cap 3.70 m (b) t/b = 1.22

Height of Pier Cap 1.80 m (h) h/b = 0.49

Length of Pier Cap 4.50 m (t)

Cd 0.844

Force in Transverse direction = Pz X A1 X G X Cd

A1 = 3.70 m X 1.80 m = 6.66 sqm

Ft = 0.203 X 6.66 X 2 X 0.844

2.28 kN

Force in long dirn = 25% of F transverse  = 0.6 kN

Wind  on Pier :

Width of Pier 2.5 m (b) t/b = 0.80

Height of Pier 6.4950 m (h) h/b = 2.60

Height of pier=

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



Length of Pier 2 m (t)

Cd value 1.29

Force in Transverse direction = Pz X A1 X G X Cd

A1 = 2.50 m X 6.495 m = 16.2375 sqm

Ft = 0.203 X 16.2375 X 2 X 1.285

8.5 kN

Force in long dirn = 25% of F transverse  = 2.1 kN

vii) Summary of Wind Load

Lever Arm in mt Transeverse dirction

longitudinal 

dirction

45.227 11.31

45.227 11.31

9.245 418.13 104.53

9.25 418.13 104.53
11.15 504.06 126.01

11.15 504.06 126.01

90.5 22.6 kN

836.3 209.1 kNm

11.145 1008.1 252.0 kNm

Wind on pier Cap FT FL

Wind force Horizontal 2.3 0.6 kN

Moment at base of pier 7.895 18.0 4.5 kNm

Moment at base of foundn 9.795 22.3 5.6 kNm

Wind on pier FT FL

Wind force Horizontal m 8.5 2.1 kN

Moment at base of pier 3.748 31.7 7.9 kNm

Moment at base of foundn 5.648 47.8 11.9 kNm

Total wind load on DL only FT FL

Wind force Horizontal 101.2 25.3 kN

Moment at base of pier 885.9 221.5 kNm

Moment at base of foundn 1078.2 269.5 kNm

Wind due to LL at bearing level FT FL

21.9 5.47

21.9 5.47

9.245 202.30 50.58

9.245 202.30 50.58

11.145 243.88 60.97

11.145 243.88 60.97

43.8 10.9

404.6 101.2 kNm

487.8 121.9 kNm

Wind force Vertical in kN 345.200 kN

ix) Seismic Analysis of Pier Sub Structure:

The seismic analysis is carried out as per the IRC: 6 – 2017 (Cl:219).

Wind force Horizontal due to  45.00  m span

Total Moment at base of pier

Moment at base of pier due to  45.00 m Right span

Moment at base of foundation due to  45.00 m Right span

Total Horizontal Wind force 

Moment at base of foundation due to  45.00 m Left span

(From Both spans)

Total Horizontal Wind force 

Wind force Horizontal due to  45.00  m span

Moment at base of foundation due to  45.00 m span

For 45.00 m span

Total Moment at base of pier

Moment at base of foundation due to  45.00 m span

Total Moment at base of foundn

Total Moment at base of foundn

Wind Force due to DL@ Bearing level

Wind force Horizontal due to 45.00 m Left span

Wind force Horizontal due to 45.00 m Right span span

Moment at base of pier due to  45.00 m span

Moment at base of pier due to  45.00 m span

Moment at base of pier due to  45.00 m Left span
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Feq = Ah x (Dead Load + Appropriate live load)

Where,

Ah = Horizontal seismic co – efficient Ecm = 35000.0 N/mm
2

AR = Z.I / 2.R x Sa / g

Z = zone factor   = 0.1 (Zone – II) (Table-16 of IRC 6-2017)  b x d3

R = 2.5 (Table-20 of IRC 6-2017) 12

I = 1.2 (Table-19 of IRC 6-2017) mm
4

Dead Load Rxn = 6669.36 kN I eff = 1.95313E+12 mm
4

VLL Rxn = 20% 936.68 187.34 kN (0.75 x Igr)

Total = 6856.6968 kN

As Per IRC:6- 2017 (Annexure-D) Ecm = 35000 MPa ( as per IRC-112, table-6.5 )

T=2√W/(1000F)

WL
3

/ 3EI  = 1.0 As per IRC:112-2020, table-6.9, for RH-50%, & 28 days age loading

W= 259.537 kN ø 1= 1.9 for 150

T= 0.325 Sec ø 2= 1.7 for 600

Sa /g = 3.076 ø = 1.47 for 1111

T = 0.33 sec Ec,eff = 35000.00 MPa 2Ac/u  = 1111.11

Sa /g = 2.500 2.50 1.36/T

As per Amendment No 2/August 2017 to IRC 6-2017

Ah = 0.1*1.2*2.50/(2*2.5) 0.060

i) Longitudinal direction:(Dead Loads)

Sl  No Component
Total vertical Load 

in kN

Total Seismic load 

(Long-HL)

Total Seismic load 

(Long-HL) due to 

16.70m span

1 DL 6669.36 400.16 0.00

2 Pier cap 645.19 38.71 0.00

3 pedastals 24.30 1.46 0.00

4 Pier 874.38 52.46 0.00

ii) Transeverse direction:(Dead Loads)

Sl  No Component
Total vertical Load 

in kN

Seismic load      

(Trans-HT)

Total Seismic load 

(Long-HT) due to 

16.70m span

1 DL 6669.36 400.16 0.00

2 Pier cap 645.19 38.71 0.00

3 pedastals 24.30 1.46 0.00

4 Pier 874.38 52.46 0.00

iii) Vertical direction:(Dead Loads)

 Igr = 2604166666667

l = Height of 

pier =

I gr  =

9245 mm
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Sl  No Component
Total vertical Load 

in kN

Seismic load (Vertical-

Vs) 

Seismic load 

(Vertical-Vs) due to 

16.70m span

1 DL 6669.36 266.77 0.00

2 Pier cap 645.19 25.81 0.00

3 pedastals 24.30 0.97 0.00

4 Pier 874.38 34.98 0.00

Component HL LA w.r.to pier base ML @ pier base
LA w.r.to pier 

base

ML @  Footing 

bottom x 1.35

DL 400.16 10.4605 4185.89 12.3605 6677.37 4185.89 6677.4

Pier cap 38.71 7.8950 305.63 9.7950 511.89 305.63 511.9

pedastals 1.46 8.9450 13.04 10.8450 21.35 13.04 21.3

Pier 52.46 3.4975 183.49 5.3975 382.27 183.49 382.3

Component HT LA w.r.to pier base MT @ pier base
LA w.r.to pier 

base

MT @  Footing 

bottom x 1.35

DL 400.16 10.461 4185.89 12.36 6677.37 4185.89 6677.4

Pier cap 38.71 7.895 305.63 9.80 511.89 305.63 511.9

pedastals 1.46 8.945 13.04 10.85 21.35 13.04 21.3

Pier 52.46 3.498 183.49 5.40 382.27 183.49 382.3

Note: 1.35 For design of foundation, the seismic loads should be taken as 1.35 times the forces transmitted to it by concrete substructure.(219.8 of IRC 6-2017)

Sl No Vehicle case
Seismic load 

(Vertical-Vs)

Seismic load (Long-

HL)

Seismic load (Trans-

HT)

lever arm              

w.r t.pier base

MT (kNm) 

pier base due 

to seismic

MT due to VLL 

Eccentricity

1 2CA 443.200 0.000 26.592 9.245 245.84 91.36

2 70R 160.000 0.000 9.600 9.245 88.75 181.27

11.145 400.10 491.46 265.29

11.145 144.44 325.71 193.71

LA w.r.to Found
n 

Bottom 

Total MT @ 

Footing Base

ML due toVLL 

Eccentricity (kN-m)

MT (kNm) Footing 

bottom (due to 

seismic) x 1.35 

Total MT @ pier 

base

Total MT @  

Footing bottom

Seismic Transverse Direction due to  45.00 m span

Seismic in Longitudinal Direction due to 45.00  m span

iv) Vehicle on one span(Without impact Factor) Seismic case: for 45.00 m LEFT Span

v) Vehicle on one span(Without impact Factor) Seismic case: for 45.00 m RIGHT Span

Total ML @  

Footing bottom

Total ML @ pier 

base
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Sl No Vehicle case
Seismic load 

(Vertical-Vs)

Seismic load (Long-

HL)

Seismic load (Trans-

HT)

lever arm              

w.r t.pier base

MT (kNm) 

pier base due 

to seismic

MT due to VLL 

Eccentricity

1 2CA 443.20 0.000 26.592 9.245 245.84 91.33

2 70R 160.00 0.000 9.600 9.245 88.75 180.90

LA w.r.to Found
n 

Bottom 

MT (kNm) Footing 

bottom due to 

seismic x 1.35

Total MT @ 

Footing Base

ML due to VLL 

Eccentricity (kN-m)

11.145 400.10 491.43 265.03

11.145 144.44 325.34 193.71

vi) Vehicle on Both Span (without imact factor): 

Sl No Vehicle case
Seismic load (Long-

HL)

Seismic load 

(Trans-HT)

L Arm W.r 

t.pier base

MT (kNm) pier 

base due to 

seismic

MT Due 

toVLL 

Eccentricity

1 2CA 0.000 26.59 9.245 245.843 69.32

2 70R 0.000 9.60 9.245 88.752 216.36

LA W.r t.Found 

Bottom

MT (kNm) Footing 

bottom due to 

seismic x 1.35

ML Due to VLL 

Eccentricity

11.145 400.10 1.845

11.145 144.44 2.335

Sl No Vehicle case
1

st
 & 2

nd
 LANE in 

kN
3

rd 
& 4

th
 LANE in kN

HL in 1
st
 & 2

nd 

LANE(20%) in kN

HL in 3
rd 

& 4
th 

LANE(5%) in kN

ML=HL x 0.2 x  

L.A in kNm

Add Axial 

load(kN)

HL per Trestle 

x 0.20 in kN
LA at pier base

1 2CA 1108.0 1108.0 221.6 55.4 203.9 4.80 27.7 9.25

2 70R 1000.0 0.0 200.0 0.0 147.2 3.46 20.0 9.25

LA at footing bottom ML @  Pier bottom
ML @  Footing 

bottom

11.145 256.09 308.72

11.145 184.90 222.90

Sl No Vehicle case
1

st
 & 2

nd
 LANE in 

kN
3

rd 
& 4

th
 LANE in kN

HL in 1
st
 & 2

nd 

LANE(20%) in kN

HL in 3
rd 

& 4
th 

LANE(5%) in kN

ML=HL x 0.2 x  

L.A in kNm

Add Axial 

load(kN)

HL per Trestle 

x 0.20 in kN
LA at pier base

1 2CA 1108.0 1108.0 221.6 55.4 203.9 4.80 27.7 9.25

2 70R 1000.0 0.0 200.0 0.0 147.2 3.46 20.0 9.25

443.20

160.00

v)Braking force(seismic case): 45.00 m RIGHT Span

vi)Braking force(seismic case): 45.00 m LEFT Span

Seismic load (Vertical-Vs)

==

==
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LA at footing bottom ML @  Pier bottom
ML @  Footing 

bottom

11.145 256.09 308.72

11.145 184.90 222.90

One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (seismic due to VLL  is not considered in the direction of traffic (longitudinal direction) as per IRC 6-2017)

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
µ (Rg ) 

L.A For Pier 

Base

1 2CA 0.0 0.05 3334.7 208.7 177.2 166.73 9.245

2 70R 0.0 0.05 3334.7 169.3 175.2 166.73 9.245

ML @ pier base
LA w.r.to  Footing 

Bottom 

ML @  Footing 

bottom

1637.9 11.145 1974.6

1619.7 11.145 1952.6

Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl (seismic due to VLL  is not considered in the direction of traffic (longitudinal direction) as per IRC 6-2017)

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq (one side of 

span)

 µ (Rg + Rq) @ 

Free Bearing
µ (Rg ) 

L.A For Pier 

Base

1 2CA 0.0 0.05 3334.7 248.0 179.1 166.73 9.245

2 70R 0.0 0.05 3334.7 432.9 188.4 166.73 9.245

ML @ pier base
LA w.r.to  Footing 

Bottom 

ML @  Footing 

bottom

1656.1 11.145 1996.4

1741.5 11.145 2099.5

One Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq / one side of 

span  x 0.2

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

µ (Rg ) 
L.A For Pier 

Base

1 2CA 66.5 0.05 3334.7 208.5 243.6 166.73 9.245

2 70R 40.0 0.05 3334.7 169.3 215.2 166.73 9.245

ML @ pier base
LA w.r.to  Footing 

Bottom 

ML @  Footing 

bottom

2252.5 11.145 2715.4

1989.5 11.145 2398.4

Both Span loaded case(Without impact Factor):   Horizontal Force @ Bearing Levl

D)Frictional force(seismic case): 45.00 m RIGHT Span

C)Frictional force(seismic case): 45.00 m RIGHT Span

B)Frictional force(seismic case): 45.00 m Left Span

(seismic due to VLL  is not considered in the direction of traffic 

(longitudinal direction) as per IRC 6-2017)

viA)Frictional (seismic case): 45.00 m LEFT Span
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Sl No Vehicle case Fh x 0.2 µ 
Rg / one side of 

span

Rq / one side of 

span  x 0.2

Fh+µ (Rg + 

Rq) @ Fixed 

Bearing

µ (Rg ) 
L.A For Pier 

Base

1 2CA 66.5 0.05 3334.7 51.1 235.8 166.73 9.245

2 70R 40.0 0.05 3334.7 84.9 211.0 166.73 9.245

ML @ pier base
LA w.r.to  Footing 

Bottom 

ML @  Footing 

bottom

2179.7 11.145 2627.6

1950.5 11.145 2351.3

DESIGN OF PIER:

A). PIER LOAD COMBINATIONS 

C1  to C4    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) 

C5 to C8  = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )

C9 to C12    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) +WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C13 to C16     = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )+WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C17    = DL+SW+WIND ON UNLOADED STURCTURE

Load Factors as per IRC 6-2017 Table B.2

Sl Nos
VLL is Leading & 

Wind is accompanying

Wind is Leading & 

VLL is 

accompanying

1) 1.35 1.35

2) 1.35 1.35

3) 1.75 1.75

4) 1.5 1.15

5) 1.5 1.15

6) 0.9 1.5

7) Seismic = 1.5 -

COMB P in kN ML in kNm MT in kNm

C1 13314.14 12290.86 1846.69

C2 12863.07 9760.61 2520.98

C5 12465.19 9941.21 1681.38

C6 13105.85 8332.56 2784.19

C9 13137.21 9684.33 2461.12

C10 12791.38 7911.54 2978.08

C13 12486.35 7882.93 2334.39

C14 12977.52 6649.63 3179.87

C17 11640.10 979.47 332.22

MAX 13314.14 12290.86 3179.87 12428.82

WC =

VLL =

BRAKING FORCE =

WIND =

The Pier section is designed as a  rectangular  section  subjected to axial  force  and   bending  using  SP-16, Design Aids For IS 456. The results are  tabulated below:-

SIDL(W/o WC) =

i) Normal and Wind Combination (Factored Loads)

Loads

SW =
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C1     = DL+SW of pier + Secondary Force  (P+ML +0.3MT) Seismic in Longitudinal direction

C2 to C5     = DL+0.2xVLL  (with out IF) one span+0.2x(BF , FF ) (P+ 0.3ML+ MT)

C6 to C9     = DL+0.2xVLL  (with out IF) both span+0.2x(BF,FF ) (P+ 0.3ML+ MT)

Seismic Forces in Longitudinal Direction

Combinations P   in kN ML1   in kNm MT1   in kNm

C1 12343.10 8971.45 2381.52

Seismic Forces in Transverse Direction

Combinations P   in kN ML2   in kNm MT2   in kNm

C2 13016.54 8198.42 7537.88

C3 12588.30 7696.67 7437.10

C8 13025.17 8122.13 7504.81

C9 12593.49 7836.06 7489.74

PIER LOAD COMBINATIONS (QUASI PERMANENT COMBINATION-Table No B.3 of IRC6-2017)

( PARTIAL SAFETY FACTOR TAKEN AS PER IRC:6,2017, TABLE NO 3.3)

1) 1.00 1

2) 1.00 1

3) 1.00 1

4) 0.00 0

5) 0.00 0

6) 0.00 0

7) - -

COMB P in kN ML in kNm MT in kNm
Design BM = 

√(ML
2
+MT

2
)

C1 8213.22 1541.46 0.00 1541.46

Check for Slenderness Ratio

2500.000 x 2000.000 mm

40.00 mm

M - 50

Fe - 550

As per IRC:112-2020, The minimum Ast for Pier is as follows,

1). (Length / radius of gyration) < 12 is "Pedestal Column"

2). (Length / radius of gyration) > 12 is "Other Column"

Radius of Gyration  (Rg)             = Sqrt( I/A) I = 2.60417E+12 mm4

Rg = 722 A = 5000000 mm2

Clear cover =

VLL =

Grade of Concrete =

Seismic in Transverse direction

Size of Pier

SIDL(W/o WC) =

ii) Seismic Combinations (Factored Loads) (As per Cl:219.4 of IRC 6-2017))

Grade of Steel =

Sl Nos

Seismic =

SW =

BRAKING FORCE =

Loads

WC =

WIND =

VLL is Leading & Wind is 

accompanying

Wind is Leading & VLL 

is accompanying
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Length of pier (Le) = 9679 Effective lengthas per IRC:112-2020,Table 11.1,pg no 114, = l0*1.3

L / Rg = 13.41 HENCE IT IS 'OTHER COLUMN'

As per 11.2.2 of IRC 112-2020,Effective Length of Pier 

K1  = 0.1

K2  = 0.1

        1+     10.K1.K2 = 1.22

K1+K2

= 1.190

lo  = 7445 mm

le = 9.12 m

Limiting Slenderness ratio as per IRC:112-2020, Cl:11.2.1(2),

Limiting Slenderness ratio as per IRC:112-2020, Cl:11.2.1(2) 

NEd= 13314.14 kN

ø ef=  φ(∞,t₀).MoEqp/MoEd

 φ(∞,t₀) = 1.756 (As per IRC 112-2020,A2.5)

MoEqp = 1541.46 KNm

MoED  = 12290.86 KNm Ac= 5000000 mm
2

ø ef= 0.220 h= 2.Ac /U = 1111.1 mm

A= 0.958 fcd= 22.33 N/mm
2

w= 0.406 n= 0.12

n= 0.12 rm = 2.353

B= 1.346

C= 0.7

λlim = 52.29 > 9.12

Hence OK

Limiting Slenderness ratio as per IRC:112-2020, Cl:11.2.1(2) (Direct Calculation)

λlim = 20.A.B.C / sqrt(n)

n= NEd / (Ac*fcd)

A= 0.70

λlim = 20.A.B.C / sqrt(n)

1+  K1/(1+K1)  x  (1+  K2/(1+K2)

Slenderness ratio

n= NEd / (Ac*fcd)
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B= 1.10

C= 0.70

Ac= 5000000 mm2

fcd= 22.33 N/mm2 (α*fck/λm) cl:6.4.2.8(1)

NEd= 13314.14 kN

n= 0.12

λlim = 31.22

> 9.12 Hence OK

Design of Vertical Reinforcement

Check for design of Bi-axial Column (For Rectangular column)

As per 8.3.2(4)of IRC 112-2020, Pg no 75 

For Rectangular column,

Size of Pier  = 2000 x 2500.00
Combinations As per SP-16, Cl 3.3, Pg no 104,

Grade of Concrete N/mm2

Grade of Steel N/mm2

b

d

Pu 13314.14 13314.14 12977.52 kN

Mux 12290.86 12290.86 6649.63 kN-m

Muy 1846.69 1846.69 3179.87 kN-m

d'/D

α 1.01 1.00 1.00

Assume Pt 0.500 0.500 0.500

Ast Required (As pro) 25000.0 25000.0 25000.0

p / fck 0.0100 0.0100 0.0100

Pu/(fck*b*D) 0.053 0.053 0.052

Mu/(fck*b*D*D) 0.035 0.035 0.035 (from Chart 47, using SP-16)

Mu/(fck*D*b*b) 0.035 0.035 0.035 (from Chart 47, using SP-16)

Mu (Longer Direction) 21875 21875.0 21875.0 kN-m

Mu (shorter Direction) 17500 17500.0 17500.0 kN-m

Interaction ratio
(8,971.45/21,875.0

0) ^1.00

+ 

(2,381.52/17,500.

00) ^1.00

(8,198.42/21,875.00) 

^1.00

+ 

(7,537.88/17,500.

00) ^1.00

0.41 + 0.14 0.37 + 0.43

0.66 0.67 0.48 = 0.55 = 0.80 < 1.00

Seismic Transverse

50

2500.00

0.030

( for circular & eliptical as per 

IRC:112-2020, Cl:8.3.2, Pg no 75)

550

2500.00

Normal Combination

Hence O.K

Seismic Longitudinal

2000.00

25000.0

550

2381.52

0.030

0.0520.049

21875.0 21875.0

0.0100

17500.0 17500.0

8971.45

1.00

2000.00

1.00

550.00

2000.00

50.00

Hence O.K Hence O.K

0.035

(Resisting moment 

for provided steel)

0.035

0.035 0.035

25000.0

2500.00

0.030

0.500

13016.5412343.10

0.0100

8198.42

7537.88

0.500

50
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Total Area of steel required 25000 25000 25000 mm
2

Ast Provided = Y25  - 56 Nos Y25 - 56 Nos Y25 - 56 Nos

Total Area of Steel provided 27488.94 mm
2 27488.94 mm

2

Provided pt

As per IRC 112-2020 Cl:16

Ast.Min = 3062.252 mm
2

0.1NEd/fyd

Ast.Min = 10000 mm
2

0.002 Ac

Ast.Min = 12000 mm
2

0.0024 Ac

Ast.Max = 200000 mm
2

0.004Ac

Lateral ties 

As per IRC:112-2020, Cl:16.2.3,

Dia of lateral tie is max of below,

i). 8 mm

ii). One quarter of max dia of longitudinal bars 8 mm

Hence provide 8 mm

Spacing of lateral tie is min of below,

i). 12 times min dia of longitudinal bars 384.00 mm

ii). The least dimension of the column 1767.77 mm

iii). 200 mm 200.00 mm

Hence provide 150

Hence provide Y - 8 @ 150 c/c

Summary

1 Pier Size  = ( Circular Pier 2500 mm Dia )

2 Grade  of concrete  = M - 50

3 Grade  of steel  = Fe - 550

4 Main Longitudinal reinforcement= Y- 25 of 56  Nos

5 Lateral Ties   = Y - 8 @ 150 c/c above the confinement reinforcemnt.

4)  DESIGN OF FOUNDATION

AS PER IRC6:2017, TABLE 3.4, PAGE NO 71, THE LOAD FACTORS IS AS UNDER

1) 1.35 1.35 1.35 1.00 1 1

Pier is checked for Max P, Max ML and 

Max MT cases under normal combination

0.563

Hence O.K

27488.9

27488.94

VLL is Leading & Wind 

is accompanying

Seismic is Leading 

& VLL is 

accompanying

For SBC

VLL is Leading & 

Wind is 

accompanying

Wind is Leading & 

VLL is 

accompanying

25000

0.563

27488.9

Sl Nos

25000

0.563

27488.9

Hence O.K

Seismic is 

Leading & VLL is 

accompanying

Wind is Leading & 

VLL is accompanying

Loads

Hence O.K

SW =

For Footing 

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



2) 1.35 1.35 1.35 1.00 1 1

3) 1.75 1.75 1.75 1.00 1 1

4) 1.50 1.15 0.75 1.00 1 0.2

5) 1.50 1.15 0.75 1.00 1 0.2

6) 0.90 1.5 - 1.00 1 -

7) - - 1.5 - - 1

       Y T-Direction

M L

150 2500.000 150

X 2800.000

9000 L-Direction

1900

M T 900

10000

10000

SELF WEIGHT OF FOUNDATION: Load Factors as per IRC 6-2017 Table B.3

Length of Footing (Longitudinal) = 10000.0 mm

Sl Nos Loads

VLL is Leading 

& Wind is 

accompanying

Width of Footing (Transverse) = 9000.0 mm 1 SW = 1
Thickness of Footing = 1900.0 mm 2 SIDL(W/o WC) = 1

Height of soil   = 1100.0 mm 3 WC = 1

4 VLL = 1

Sw of the foundation = 3029.3 kN 5 BRAKING FORCE = 1

Rectangular portion = 81.0 m
3

6 WIND = 0.6

Traphezoidal portion =H/3 ((A1+A2+Sqrt(A1xA2)) = 40.2 m
3

7 Seismic = 1

Total volume = 121.2 m
3

Wt of soil      = kN

Rectangular portion = 270.0 m
3

Total volume = 148.8 m
3

Wt of soil      = 2976.567445 kN

SBC = 450.00 kN/m2

-

Wind is Leading & VLL is 

accompanying

1
1

1

1

0.75

0.75

BRAKING FORCE =

Seismic =

1100

WC =

VLL =

SIDL(W/o WC) =

WIND =
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C1  to C4    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + FF) 

C5 to C8  = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + FF )

C9 to C12    = DL+VLL ON ONE SPAN (WITH OUT IF)+(BF + SF) +WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C13 to C16     = DL+VLL ON BOTH SPAN (WITH OUT IF)+(BF + SF )+WIND ON SUPER STRUCTURE +WIND ON LIVE LOAD +WIND ON PIER CAP +WIND ON PIER

C17     = DL+SW+WIND ON UNLOADED STURCTURE

Combinations P in kN ML in kNm MT in kNm HL HT H=√HL^2+HT^2 Remarks 

C1 15658.3 9563.4 1396.4 739.7 87.0 744.838 Normal Comb

C2 15357.6 7620.8 1845.9 597.5 87.0 603.843 Normal Comb

C5 15092.4 7945.8 1286.2 712.8 87.0 718.071 Normal Comb

C6 15519.5 6669.7 2021.4 598.1 87.0 604.359 Normal Comb

C9 15522.1 7387.9 1908.5 574.7 145.0 592.735 Wind Comb

C10 15296.5 5930.9 2245.7 468.1 145.0 490.021 Wind Comb

C13 15097.6 6167.7 1825.9 554.5 145.0 573.152 Wind Comb

C14 15417.9 5208.8 2377.3 468.5 145.0 490.394 Wind Comb

C17 15501.0 269.5 269.5 36.2 145.0 149.413 Wind Comb

C1     = DL+SW of pier + Secondary Force  (P+ML +0.3MT) Seismic in Longitudinal direction

C2 to C5     = DL+0.2xVLL  (with out IF) one span+0.2x(BF , FF ) (P+ 0.3ML+ MT)

C6 to C9     = DL+0.2xVLL  (with out IF) both span+0.2x(BF,FF ) (P+ 0.3ML+ MT)

Seismic Forces in Longitudinal Direction

combinations P   in kN ML   in kNm MT   in kNm
HL HT

H=√HL^2+HT^2 Remarks

C1 14797.43 9716.41 2459.13 691.95 437.68 818.752 Seismic

C2 15246.38 7116.77 8084.34 609.96 691.86 922.345 Seismic

C3 14960.89 6728.24 7918.58 581.52 674.87 890.849 Seismic

C6 15252.14 6903.80 8062.29 616.33 691.86 926.572 Seismic

C7 14964.36 6730.99 7953.68 601.27 674.87 903.868 Seismic

COMB P in kN ML in kNm MT in kNm P1 P2 P3 P4 Remarks

C1 15658.3 9563.4 1396.4 248.1 227.4 99.9 120.6 Normal Comb

C2 15357.6 7620.8 1845.9 235.1 207.8 106.2 133.5 Normal Comb

C5 15092.4 7945.8 1286.2 230.2 211.1 105.2 124.2 Normal Comb

C6 15519.5 6669.7 2021.4 231.9 201.9 113.0 142.9 Normal Comb

C9 15522.1 7387.9 1908.5 235.9 207.6 109.1 137.4 Wind Comb

C10 15296.5 5930.9 2245.7 226.1 192.9 113.8 147.1 Wind Comb

C13 15097.6 6167.7 1825.9 222.4 195.3 113.1 140.2 Wind Comb

C14 15417.9 5208.8 2377.3 223.6 188.4 119.0 154.2 Wind Comb

C17 15501.0 269.5 269.5 176.0 172.0 168.4 172.4 Wind Comb

261.07 244.31 154.22 167.19

For Working Combination (Min) 170.31 156.40 99.88 120.57

For Wind Combination (Max) 295.03 295.03 168.44 172.43

For Wind Combination (Min) 176.03 154.33 100.65 100.65

Seismic in Transverse direction

i) Normal and Wind Combination (Unfactored Loads)

ii) Seismic Combinations (Unfactored Loads)

Load Combinations

For working Combination (Max)

Seismic Forces in Transverse Direction

i) Normal and Wind Combination (Unfactored Loads)

NAGESH CONSULTANTS Client:- B-SMILE

PRELIMINARY DESIGN REPORT



COMB P in kN ML in kNm MT in kNm P1 P2 P3 P4

C1 14797.4 9716.4 2459.1 247.4 211.0 81.4 117.9

C2 15246.4 7116.8 8084.3 276.7 157.0 62.1 181.8

C3 14960.9 6728.2 7918.6 269.7 152.4 62.7 180.0

C6 15252.1 6903.8 8062.3 275.2 155.8 63.7 183.2

C7 14964.4 6731.0 7953.7 270.1 152.2 62.5 180.3

276.73 210.98 126.06 238.55

235.85 123.36 62.08 117.86

COMB P in kN ML in kNm MT in kNm P1 P2 P3 P4 Remarks

C1 21422.05 14345.15 2094.56 349.2 318.1 126.9 157.9 Normal Comb

C2 20970.98 11431.14 2768.85 329.7 288.7 136.3 177.3 Normal Comb

C5 20573.10 11918.67 1929.25 322.34 293.76 134.84 163.42 Normal Comb

C6 21213.76 10004.58 3032.06 324.9 279.9 146.6 191.5 Normal Comb

C9 21245.11 10810.61 2874.24 329.42 286.84 142.70 185.28 Wind Comb

C10 20899.29 8810.28 3391.19 316.1 265.8 148.4 198.6 Wind Comb

C13 20594.26 9454.75 2747.50 312.21 271.50 145.44 186.15 Wind Comb

C14 21085.43 7987.28 3592.99 314.1 260.9 154.4 207.6 Wind Comb

C17 19983.22 808.63 404.32 230.4 224.4 213.6 219.6 Wind Comb

Max 349.172 318.142 213.650 235.535

Min 230.422 208.551 126.873 157.904

COMB P in kN ML in kNm MT in kNm P1 P2 P3 P4

C1 20237.22 14574.62 4102.02 352.4 291.6 97.3 158.1

C2 21027.07 10675.16 12126.50 394.6 215.0 72.6 252.3

C3 20602.27 10092.36 11877.87 384.2 208.2 73.6 249.6

C6 21088.25 10352.93 12093.44 392.91 213.75 75.71 254.88
C7 20641.25 10092.99 11930.52 385.0 208.3 73.7 250.4

Max 394.628 291.637 119.104 287.834

Min 333.391 164.661 72.640 158.079

iv) Seismic Combinations (Factored Loads)

iii) Normal and Wind Combination (Factored Loads)

ii) Seismic Combinations (Unfactored Loads)

For Seismic Combination (MIN)

For Seismic Combination (MAX)
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 Footing Design is carried out for the Critical combination adopting Limit State Load factors and 

Partial safety factors for Material, as per IRC:6-2017/IRC:112-2020

Load Combination    =

Pu= for C1

ML=

MT=

Pu= for C6

ML=

MT=

Depth of soil fill at the face of column =

Depth of soil fill at edge =

21088.251  KNm This load is the combination of 

Transverse Design

Seismic

10352.926  KNm

12093.441  KNm

Footing width in span direction (longitudinal)   (B1)=

Design of Footing

21422.048  KNm Normal Comb

14345.152  KNm

2094.562  KNm

This load is the combination of 

Longitudinal Design

10.000 m

Footing width in road way direction (Transverse)       (B2)= 9.000 m

Depth of footing ( under column )        (D) = 1.900 m

Depth of footing ( at edges )        (D1) = 0.900 m

Dimension of column in span direction        (b1)= 2.500 m

Dimension of column in road way direction         (b2)= 2.000 m

1.100 m

2.100 m
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B1

B2

b
2

2.500 b1

Longitudinal direction

in

length

in

length

b1+2* offset

Top dimension of footing (Road way direction)   (B2') = b2+2* offset + x 2

sq.m

10.000

T
ra

n
se

v
e

rs
 d

ir
e

ct
io

n

2
.0

0
0

9
.0

0
0

Dia of bars in the span direction    (ds)= 25 mm

No. of bars    (ns)= 70  No. 9.0 m

spacing of the rods    (ss)= 100.000 mm

Dia of bars in the road way direction    (dr)= 25 mm

No. of bars    (nr)= 70  No. 10.0 m

spacing of the rods    (sr)= 100.000 mm

Edge thickness of footing  (D1)= 0.900 m

Clear cover to main bars    (d')= 75 mm

Grade of concrete  (GC)= M 35 

Grade of steel  (GS)= 550

Offset of footing top ( min 150 mm)   (off)= 0.150 m

Top dimension of footing (span direction)   (B1') = 

 = 2.800 m

2.000 m

= 2.300 m

Area of base of footing   (A1) = 90
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sq.m

PRESSURES  UNDER FOOTING AT ALL CORNERS :

Pa/A1 +/- Ml/Zl +/- Mt/Zt

sq.m

B2*B1
2
/6

m
3

B1*B2
2
/6

m
3

KN/sqm

KN/sqm

KN/sqm

KN/sqm

368.657

132.523 368.657

107.388 343.522

343.522

107.388

Area of top of footing   (A2) = 6.44

Pressure induced =

Area of footing   (A1)  = 90

Section modulus  (Zl)  =

= 150.000

Section modulus  (Zt)  =

= 135.000

Pmax       (P1)  = 368.657

Pmin        (P3)  = 107.388

(P2)  = 343.522

(P4)  = 132.523

P1

P2P3

P4
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Pmax = KN/sqm

Pmin = KN/sqm

A) LONGITUDINAL  BENDING MOMENTS :

As per cl.307.2.1 of IRC : 21-2000, the critical section for bending in bases shall be 

taken at the face of the column

356.090

 (B1-b1)/2

3.750 m =

(P1 + P2)/2

KN/sqm

(P3 + P4)/2

KN/sqm

P12-((P12-P34)/B1)*X

KN/sqm

Pc*X
2
/2 + ((P12-Pc)/2)*X*2/3*X

KN/sqm

BM1 *B2

KNm/m

KNm/m

KNm/m

Net Bm = KNm/m

Bending moment due to overburden soil weight =

368.657

107.388

2.500 mlong side (b1)=

3.750 m

= 356.090

distance of critical section from one edge    (X) =

Pressure at the centre of other edge   (P3,4)  =

= 267.540

Hence Bending moment     (BM1)  =

= 119.956

Pressure at critical section     (Pc)  =

= 2296.217

Hence total Bending moment     (BM)  =

= 20665.952

Bending moment due to self weight = 1972.856

16440.081

2253.015

119.956

Pressure at the centre of one edge   (P1,2)  =Critical Section
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Calculation of Reinforcement

Effective width resisting this BM    (Ew) = = B2' +(B2- B2')/8

Mu / Ew*d*d =  = Q

dreq =    Sqrt (Mu / Q*Ew )         limiting depth

= 1060.963075 mm

dpro = D-d'-0.5ds

=

limiting effective depth =

min effective depth =

Area of steel required   (Ast )  = (50*fck/0.87fy)*(1-sqrt(1-(4.5*Mu/(fck*Ew*d2))))

= mm
2

a) As per IRC:112-2020, Cl:16.5.1.1,

As.min = 0.26*(fctm/fyk)*bt*d not less than 0.0013*bt*d

fctm= 2.8 Mpa from irc:112-2020, table 6.5,

bt= mm

fyk= N/mm2

d= mm

As.min= mm2

Area of steel required   (Ast )  = mm
2

Ast req  (Ast ) /m run = ( 23,079.88 / 9 )

= mm
2

no of bars required = 47.02 Nos.

3.138 m

0.133 *  fck 4.66

2.183

2095.83

1812.500 mm

2095.833 mm

1812.500 mm Hence safe

23079.88165

9000

1813

Fe - 550

21592

23080

2307.988165
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Required Spacing of bars = 212.7 mm

Hence provide = 25 mm Dia 70 Nos

Ast prov = mm
2

Spacing of bars provided  = say 100 mm

Hence provide 100 c/c

CHECK FOR SHEAR (LONGITUDINAL DIRECTION) :

  As per IRC the critical section for one way shear is considered at a distance equivalent 

to the eff. depth from the face of the column

(B1-b1)/2-dprov

P12-(P12-P34)/B1*X

KN/sqm

Pc*X + ((P12-Pc)/2)*X

SF1  *  B2

kN

shear force due to self weight  = 516.2295 kN

shear force due to overburden soil weight = 646.7664 kN

Pc*X
2
/2 + ((P12-Pc)/2)*X*2/3*X

KN/sqm

BM1 *B2

KNm/m

KNm/m

D1 + 2(D-D1)/(B1-B')*X

34361.17

25

Hence safe

Hence the distance of the critical section from the edge   (X) =

= 1.938 m

Pressure at the critical section   (Pc)  =

= 310.339

Pressure force at the critical section   (SF1) =

5810.425229

Net shear force   (V) = 4647.429  KN

Bending moment at the critical section   (BM1)  =

= 645.603  KN

639.740

Total Bending moment    (BM)    =

5757.658163

Net     Bending moment   (BM) = 5633.327

Total pressure force  (SF)  =

Depth at critical section for shear   (Dc)  =

=
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Hence Eff depth   (dc)  = D c - d'-0.5ds = mm

limiting effective depth = mm

min effective depth =

Net shear force   (V) = SF - BM/(d prov)*tan β

tan β  = 2 * (D - D1)/(B1 - B1')

= 0.277778

=

1.81 1.81 Ultimate shear force (Vu) = = kN

= kN

B1' + (B1-B1')/(D- D1)*(D-DC)

=

D1 - d' -0.5*ds

9.000 m =

9.00 x 0.81 + 0.54 x (1.81+5.38)

= mm
2

Vu / Aeff

= N/mm
2

For this value of   100 As / bd 

N/mm
2

Check For Shear as per cl. 10.3.2, IRC:112-2020

VRdc = (0.12K(80ƍ1fck)
0.33

+0.15σcp)bw.d

Where,

K= 1+√200/d

A. Longitudinal Direction

Cross section at critical distance

Permissible shear stress =

0.54

1350.694 mm

3488.904  KN

3488.90

3488.90

1.438 m

1350.694444

1458.333333

11180772.569

0.312045024

0.307

Hence shear stress induced   τv  =

100 As / bd  =

6.125 m

812.500 mm

Hence eff. Area resisting shear   (Aeff)  =

0.400

Hence safe

5.38

=

Width available at critical section   (Wc)   =

Effective depth at edge    (de)  =0
.8

1
3

 m
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d=

K= 1.370

ƍ1 0.0031

bwXd= mm
2

Neglecting Axial Force, σcp =0

VRdc = 3740.64 KN

> KN

Shear Reinforcement Not Reqd

B) TRANSVERSE BENDING MOMENT :

KN/sqm

KN/sqm

KN/sqm

KN/sqm

As per cl.307.2.1 of IRC : 21-2000, the critical section for bending in bases shall be 

taken at the face of the column

 (B2-b3)/2

306.875

(P1 + P4)/2

= KN/sqm

(P2 + P3)/2

KN/sqm

P41-((P41-P23)/B2)*X

KN/sqm

Pmin        (P3)  = 76.544

(P2)  = 246.963

(P4)  = 221.665

Pmax       (P1)  = 392.084

161.753

3.500 m

Depth at critical section    =

1458.333 mm

11180772.569

3488.90 ok

Effective Area=

distance of critical section from one edge    (X) =

= 3.500 m

1.945 m

Pressure at the centre of one edge   (P41)  =

306.875

Pressure at the centre of other edge   (P23)  =

= 161.753

Pressure at critical section     (Pc)  =

= 250.438
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Pc*X
2
/2 + ((P12-Pc)/2)*X*2/3*X

KN/sqm

BM1 *B1

KNm/m

KNm/m

KNm/m

Net Bm = KNm/m

Calculation of Reinforcement

b1' +(B1- b1')/8

Mu / Ew*d*d =

= 4.655 = Q

dreq = Sqrt (Mu / Q*Ew )         

= mm

Effective depth provided  (d prov)  = D-d'-1.5d/2

=

limiting  effective depth =

min effective depth =

Bending moment due to overburden soil weight =

=

920.24

1787.500 mm

Hence total Bending moment     (BM)  =

Effective width resisting this BM    (Ew) =

Hence Bending moment     (BM1)  =

= 1764.383

= 17643.830

 Bending moment due to self weight = 1911.072917

13550.866

2181.891667

3.438 m

0.133 *  fck

1954.166667

1787.500 mm Hence safe
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Area of steel required   (Ast )  = (50*fck/0.87fy)*(1-sqrt(1-(4.5*Mu/(fck*Ew*d2))))

= mm
2

a) As per IRC:112-2020, Cl:16.5.1.1,

As.min = 0.26*(fctm/fyk)*bt*d not less taha 0.0013*bt*d

fctm= 2.8 Mpa from irc:112-2020, table 6.5,

bt= mm

fyk= 550 N/mm2

d= mm

As.min= mm2

mm
2

mm
2

48.20 Nos.

Spacing of bars Required = 186.7229 mm

25 mm Dia 70 Nos

mm
2

say 100

mm
2

Hence Provide 100 c/c

CHECK FOR SHEAR (TRANSVERSE DIRECTION) :

  As per IRC the critical section for one way shear is considered at a distance equivalent 

to the eff. depth from thr face of the column

(B2-b3)/2-dprov

=

P41-(P41-P23)/B2*X

18592.57984

10000.000 m

1788

23660

Area of steel required   (Ast )  = 23660

Area of steel required   (Ast ) /m run = 2628.888889

no of bars required

Area of steel provided  (Ast prov )  = 34361

Spacing of bars provided  = 143.00

Area of steel provided  (Ast prov )  = 34361.17

25

Hence safe

Hence the distance of the critical section from the edge   (X) =

1.713 m

Pressure at the critical section   (Pc)  =
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KN/sqm

Pc*X + ((P41-Pc)/2)*X

=

SF1  *  B1

kN

shear force due to self weight  = 559.7423 kN

shear force due to overburden soil weight = 631.708 kN

Pc*X
2
/2 + ((P41-Pc)/2)*X*2/3*X

kNm

BM1 *B1

KNm/m

bending moment due to self weight 44.39434 kNm

KNm/m

D1 + 2(D-D1)/(B2-B')*X

D c - d'-dr /2  

= mm

Limiting effective depth = mm

SF - BM/(d prov)*tan β

tan β  = 2 * (D - D1)/(B2 - B2')

= 0.298507

1.79 1.79 =

6.43 B1' + (B1-B1')/(D- D1)*(D-DC)

0.51 =

D1 - d' -dr /2

6.319 m

Total pressure force  (SF)  =

Effective depth at edge    (de)  =

Width available at critical section   (Wc)   =

Hence Eff depth   (dc)  =

Bending moment at the critical section   (BM1)  =

= 436.482

4364.820389

= 279.261

Pressure force at the critical section   (SF1) =

501.879  KN

5018.787331

= 3827.337  KN

Total Bending moment    (BM)    =

1298.69403

= 4263.837

Depth at critical section for shear   (Dc)  =

1358.333333

1.411 m=

Min effective depth= 1298.694 mm

Net shear force   (V) =

2847.285  KN

0
.7

9
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=

10.000 m 10.00 x 0.79 + 0.51 x (1.79+6.43)

mm
2

Vu / Aeff

N/mm
2

For this value of   100 As / bd and M35  grade concrete,

N/mm
2

Check For Shear as per cl. 10.3.2, IRC:112-2020

VRdc = (0.12K(80ƍ1fck)
0.33

+0.15σcp)bw.d

Where, K= 1+√200/d

A. Longitudinal Direction

d=

K= 1.392

ƍ1 0.0028

bwXd= Effective Area= mm
2

Neglecting Axial Force, σcp =0

VRdc = 4001.65 KN

> KN

Shear Reinforcement Not Reqd

C)  PUNCHING SHEAR :

Critical section for punching shear is assumed at distance equal to half the depth from the

 face of the column

(B2 - b3 - d prov)/2

Hence shear stress induced   τ  =

= 0.236

100 As / bd  =

Hence safe

1298.694 mm

12073180.970

2847.29

787.500 mm

= 12073180.970

0.285

Permissible shear stress = 0.388

ok

Perimeter = 12100.000 mm

Distance of minimum depth section from one edge   (X)  =

= 2606.250 mm

Hence eff. Area resisting shear   (Aeff)  =

0
.7

9
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D1 +2(D-D1)/(B1-B')*X

Dc - d' -dr/2

P/ (C*dc)

N/mm
2

Allowable punching shear as per IRC:112-2020, Cl:10.4.5, Pg no 104,

vmin = 0.30

K = 1.38

0.02

a = 689.26 mm

vRd = 2.50 > 1.19 = (vmin*2d/a)

= 2.497

= N/mm
2

Check For Punching Shear,as per cl. 10.4.3, IRC:112-2020

vEd = βVEd/uid

VEd= 21422.05

ML = 14345.15

MT = 2094.56

eL = ML/VEd

eL = 0.67

bL = 5.80

eT = MT/VEd

eT = 0.10

= 0.872

Minimum depth available      (Dc)  =

= 1.624 m

2.497 Hence safe

Hence minimum eff. Depth available    (dc)  =

= 1511.458 mm

Punching shear stress induced  (σ )     =
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bT = 6.30

β = 1.2

d = 1800.0

a) At D/2 from the face of the column

Perimeter ( ui ) = mm

vEd= 1.19 N/mm
2

< OK

b) At face of the column

vEd = βVEd/uid

1.60 N/mm
2

v= 0.53

fcd = 0.67*fck/1.5

= 15.63

VRd.max       = 4.16

> vEd

> 1.60 OK

Stress Check for Provided Steel (Rare Combination)

Width of Footing (mm) = b=

Thickness of Footing (mm) h = Ec,eff = Ecm / (1+ ø)

12100.00

Rs. 2.50

Perimeter ( ui ) = 9000.00

Longitudinal 

Direction

Transverse 

Direction

9000 10000

1900 1900
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Dia of main Bar (mm) Ecm = 32000 MPa ( as per IRC-112, table-6.5 )

Effective Depth (deff) mm

As per IRC:112-2020, table-6.9, for RH-80%, & 28 days age loading

ø 1= 1.9 for 150

ø 2= 1.7 for 600

ø = 1.27 for 1569

Ec,eff =

Stress in Steel (N/mm2)

Check for stree in steel

Stress in Concrete (N/mm2)

Permissible stress in concrete

Check for stree in concrete

Crack Width Calculation As per IRC 112-2020 

1787.50

200000

14101

14.18

414.77

100

12117.577

44179

75

88.28

1900.00

Dia of main Bar (mm)

Spacing of Bars (mm)

Max Moment (kN-m)

Ast pro As (mm
2
)

Cmin (mm)

acr (mm)

h (mm)

Ecm (N/mm
2
)

m  =  α  = Es/Ecm

Xu (mm)

Es (N/mm
2
)

d (mm)

25

1813 1788

Ast pro (mm2) 49087 44179

25

14.18

Max Moment (kN-m) 14745 12350

Es (N/mm
2
) 200000 200000

XU (mm)  = 457.8 415

Ecm (N/mm
2
) 14101 14101

m  =  α  = Es/Ecm 14.18

L.A (mm) = 1620.2 1613

14100.53

185.4 173

Permissible stress in steel 440.0 440

Hence OK Hence OK

4.42 3.69

17 17

Hence OK Hence OK

25

Longitudinal 

Direction

Transverse 

Direction

25

100

16107.11

49087.39

75

88.28

1900.00

1812.50

200000

14101

14.18

457.82

1568.812Ac/u  =
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σsc  (N/mm
2
)

Ac,eff = b*hc,eff (mm
2
)

2.5 (h - d)

(h - Xu/3) 

h / 2

εεεεsm − ε − ε − ε − εcm     =

εεεεsm − ε − ε − ε − εcm     =

k1  =

k2  =

5( c + F/2) =  

Sr.max (mm)=

Sr.max (mm) =

Check for Crack Width

1930.79

525.56

0.268

Hence OK

≥ 0.0005

0.0005

0.8

0.5

2812500.00

281.3

495.1

950.0

0.0157

0.0003

170.02

kt   =

480.7

950.0

0.5

2.8

202.52

0.0006

≥ 0.0006

0.0006

0.5

fct,eff (N/mm
2
) 2.8

1968750.00

h c,eff least of

218.8

Case(ii) 1874.83

Sr.max (mm) = 425.45

Wk (mm) = 0.269

Hence OK

IRC 112-2020
0.8

0.5

Spacing 312.50 312.50

525.56Case(i) 425.45

ρP,eff   = 0.0249
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