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BEFORE THE NATIONAL GREEN TRIBUNAL, PRINCIPAL BENCH
NEW DELHI

O.A. No. 485/2023

In the matterof:
Diwan Singh «Applicant

Versus
State of Uttarakhand and Ors. .-.Respondents

SHORT COMPLIANCE AFFIDAVIT ALONG WITH REPORT ON BEHALF OF
PROJECT PROPONENT i.e., RESPONDENT NO.5 (KHUTANI_ POWER
PROJECTS)

I, Santosh Thakur, S/o Sh. Ram Sagar Thakur, aged about 46 years,
Authorized Representative of the project Proponent i.e., Respondent No. 5
(Khutani Power Projects) having registered office at 720 Mahabir Prasad
Block, Asiad Village, New Delhi— 110049, being well conversant with the facts
of the this case, do hereby solemnly affirm andstate on oath as hereunder;

1. That I am writing in compliance with the Hon’ble tribunal directive
dated 16.07.2024, wherein Respondent No. 5 i.e., Khutani Power
Project Limited (referred as Project Proponent) were instructed to
recompute the structural design calculations of the constructions in
light of the Expert Joint Committee report dated 11.07.2024, and to
take necessary remedial and corrective measures accordingly in respect
of designing and construction in question. Copy of the order dated
16.07.2024 is hereby annexed as R/1.

2. That Tata Consulting Engineers Limited is the project consultant
proving consultancy services for preparation of tender documents and
detailed design and engineering for execution of the works for Khutani
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@)
3. That Tata Consulting Engineers Limited had undertaken the exercise

of reviewing the structural design calculation in light of Expert Joint
Committee Report dated 11.07.2024 and had duly complied with the
order of this Hon'ble tribunal dated 16.07.2024. The new revised
structural design calculation for Tunnel intake undertaken in August
2024 by T.C.E.L. carrying out the necessary changesis enclosed with
this affidavit and has been annexed as R/2.

4. That the Expert Joint Committee Report dated 11.07.2024 has been
accepted and needful exercise of revision of structural design has been
freshly undertaken in the month of August, 2024 by T.C.E.L. in terms
of theorderof this Hon’ble Tribunal dated 16.07.2024, same may be
acgepted andthis report may kindly be taken as partof official record.

oeJ Brake
Identified the deponent who 7

has signed in my presence _
DEPONENT

VERIFICATION: 11 OCT 2024

Verified at New Delhion this___dayof October, 2024 thatthe contentsof
my aboveaffidavit are true and correct to my knowledge, nopart ofits false
and nothing material has been concealed therefrom. Z )

DEPONENT

vorn before me reaé.
to the deponent

Adimitied to b& Porrect 4
ath Commissioner, New Del

41 0CT 202

1 i oct 2028
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2Item No, 08 Court No. 2

BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHT

Original Application No, 485/2023

Diwan Singh Applicant

Versus

State of Uttarakhand Respondent

Date of hearing: 16.07.2024

CORAM:—HON’BLE MR. JUSTICE SUDHIR AGARWAL JUDICIAL MEMBER
HON'BLE DR. AFROZ AHMAD, EXPERT MEMBER,

Applicant: ‘Applicant in Person (through VC}

Respondents: Ms. Anjali Rajput, Advocate for State of Uttralkhand (through VC)
Mr, Mukesh Verma, Advocate for UKPCB (through VC)
Ady Atif Suhrawardy for the CPCB (through VC)
Mr. Alok Singh, Mr. Deepak Shukla and Ms, Ananya Singh,
Advocates for Project Proponent.
Mr. Shamshad, Adv, Amicus Curiae with, Mr, Arjit Sarkar and
Ms. Nabeela Jamil, Advocates

ORDER

1, This Original Application was registered on a letter petition raising

complaint that a tunnel, length 1.5 km, is being constructed by M/s
Khutani Power Project (hereinafter referredto as ‘Project Proponent/PP’)

in village Batgeri and Sirsauli, Tehsil Ganai Gangoli, Block Gangolihat,

District Pithoragarh,(State of Uttarakhand). On account ofthe aforesaid

work undertaken by PP, cracks have appeared in houses of residents of

locality which is likely to cause damage to lives and property anytime,

2. Taking note of the said complaint, vide order dated 04.08.2023, this
Tribunal constituted a Joint Committee comprising representative of

Ministry of Environment, Forest and Climate Change (hereinafter referred

to as ‘MoEF&CC’}, Integrated Regional Office, Dehradun, Uttaralchand,

Iterp No. 08 
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locality which is Likely to cause damage to lives and property anytime. 

2. Taking note of the said complaint, vide order dated 04..08.2023, t his 

Tribunal constituted a J oint Committee compris ing representative of 

Ministry of Environment, Forest and Climate Change (hereinafter referred 

to as 'MoEF&CC'), Integrated Regional Office, Dehradun, Uttarakhand, 
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Uttarakhand Environment Protection and Pollution Control Board

(UEPPCB) and District Magistrate, Pithoragarh. The said Committee was

directed to submit a factual Report on the subject,

3. Pursuant thereto, Joint Committee submitted its Report by e-mail

dated 18.11.2023. Report said thatit could not be ascertained that cracks

in some residential buildings in villages have occurred due to any activity
of Project Proponent. However, Committee recommended that for finding

out reasons of development of cracks, matter may be required to be

examined by some subject expert institutes.

4. Consequently, vide order dated 30.01.2024, Tribunal constituted

another Expert Committee comprising(i) Director of Wadia Institute of

Himalayan Geology, Dehradun, (ii) Director of Institute of Seismological

Research, Gandhinagar, (iii) Central Pollution Control Board (iv) Regional

Officer, Ministry of Environment, Forests and Climate Change, Dehradun

and (v) Collector, Pithoragarh,

‘The said Committee submitted Report dated 19.04.2024, and its

observations are as under:

“Basedon the field visit, observations and available information, the
Joint Committee submitted the following:
Looking into all the aspects, past reports and on-site inspection, the
causes of the development of cracks in the houses at bothvillages
canbe summarized as below:

a) The houses are mostly constructed over colluvial deposit
without concrete base slab as such the weight of the
overburden (i.e. of the houses) must have distributed un-evenly
that resulted in the development of cracks and bulging of the
walls,

b) The houses are constructed using small rock slabs
without cementing materials, only the outer sides of the walls
have been plastered either by cement and sand, or locally
available materials (mixtures of mud and twigs and cow
dungs). The roof slabs are constructed over the top of loosely

Uttarakhand Environment Protection and Pollution Control Board 

{UEPPCB) and District Magistrate, Pithoragarh. The said Committee was 

directed to submit a factual Report on the subject. 

3 . Pursuant thereto, Joint Committee submitted its Repon by e-mail 

dated 18.11.2023. Report said that it could not be ascertained that cracks 
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5. The said Committee submitted Report dated 19.04.2024, and its 

observations are as under: 

"Based on the field. visit, obseroati.on.s and available in.formation, the 
Joint Committee submitted the follnwin.g: 
Looking into all the aspects, past reports and on,.site inspection, the 
causes of the development of cracks in the houses at both villages 
can be summarized as below: 

a) The houses are mostly co.nstructed over colluvial deposit 
without concrete base slab as such the weight of the 
overburden (i.e. of the houses) must have distributed 1111-euenly 
that resulted in the development of cracks and bulging of the 
walls. 

b) The houses. are constructed using small rock slabs 
without cementing materials, only the outer sides of the walls 
have been plastered either by cement and sand, or locally 
available maceria.ls (mbd.ures of mud and twigs and cow 
dungs). The roof slabs are cori.structed over the top of loosely 
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placed small slabs along with that of the roof slab have
resulted in redistribution of the overburden weight that led to
the development of cracks and bulging of the walls in the
houses.

) Based on the field observations and information
collected, it can be concluded that at present cracks observed
in the houses of the villages Batgeri and Sirsauli’s are due to
local construction practices, materials used and local site
conditions. These are not developed due to works carried out
by M/s. Khutani Power Company Ltd. (no.5 at the project
construction site).

d) A site specific seismic study may be carried out for the
project by institute of repute. The design calculations of various
structures shall be based on seismic coefficient arrived at from
such study.

¢) The boundary wall height needs to be enhancedto about
6.0 ft, toward River Saryu to avoid the spillage of debris from
much dump site no.2.

J) Should submit theaction plan to local concern authorities
{for stabilization of all muck dumpsite appropriately & concern
‘authority required to review the same periodically and verify
the compliance.

9) The debris excavatedor any disposable material should
notbe discharged/ disposed on the back of River Saryu or at
any non-identified places. It must be disposed of as per
conditions laid down in the Consent to Establish (CTE). The
SPCH must periodically monitor and ensure strict compliance
of the CTEissued.”

6. While going through the above Report we found that in respect of

seismic studies, observations of Expert Committee are as under:

“A report on structural design calculation for tunnel intake prepared
by M/s Tata Consulting Engineers Limited is also shared with the
committee. The report was reviewed in detail. It was found that M/s
Tata has wrongly considered the project in Zone IV as per
seismic zoning map of India published by BIS. Actually, the
project site is located in Zone V. Considering the available
documents, it seems the site specific seismic studies were not
carried out for the project. The calculations are based on
seismic zone factor only. The recommended horizontal seismic
coefficient as per Zone V is 0.24 as per National Committee on

placed small slabs along with that of the roof slab have 
resulted in redistribution of the overburden weight that led to 
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Seismic Design Parameters (NCSDP) while M/s Tata has considered
0.11 factor for calculations.”

7.

—
Respondent § hasfiled its reply dated 14.05.2024 andon the aspect

of above observations madeby Expert Committee, it has submitted its own

Expert's Explanation as under:

“A report on structural design calculation for tunnel intake prepared
by M/s Tata Consulting Engineers Limited is also shared with
committee. The report was reviewed in detail. It was found that M/s
Tata has wrongly taken the project in Zone IV as per seismic zoning
mapof India published by BIS. Actually, the project site is located
in Zone V. Also, it seems thatsite specific seismic studies were not
carried out for the project. The calculations are based on seismic
zonefactor only. The recommended horizontal seismic coefficient as
per Zone V is 0.24 as per National Committee on Seismic Design
Parameters (NCSDP) while M/s Tata has considered 0.11 for
calculations.

TCE’s Reply
Khutani Small Hydro Electric Project is being developed as a low-
head ‘Run-of-the-River’ type development involving a diversion
barrage across the Saraju River in the Bageshwar district located in
the Kumaon region of Uttarakhand. The project lies in Zone V as per
the Seismic Zoning Map of India incorporated in IS: 1893 (Part-1)-
2016

‘The design horizontat seismic coefficient (ah) for project components
are calculated according to Indian Standard IS 1893-1984 criteria

(for earthquake resistantdesignof structures and as given below as
per seismic coefficient method given in clause 3.4.2.3, of IS 1893-
1984 as=B*1* ao.

Where,

8 = coefficient depending upon the soil foundation system

I factor depending upon the importance of the structure

a0= basic horizontal seismic coefficient

For Barrage

B= 1 (Refer Table 3)

T= 3 (Refer Table 4)

ao = 0.08 (Refer Table 2 for Zone V)

Seismic Des ign Parameters (NCSDP) while Ml s Tata has. considered 
0.11 factor for calculations.• 

7. Respondent 5 has filed its reply dated 14.05.2024 and on the aspect 

of above observations made by Expert Committee, it has ,submitted its own 

Expert's Explanation as under: 

• A report on structural design calculati.on for tunnel intake prepared 
by Ml s Tata Consulting Engineers Limited is also shared with 
committee. The report was revi.ewed in detail. It was found that Ml s 
Tata has Wr(mgly ta/ten the project in Zone N as per seismic zoning 
map of India published by BIS. Actually, the project site is located 
in Zone V. Also, ic seems that site specijtc seismic studies were no, 
carried out for the project. The calculations are based on seismic 
zone factor only. The recommended horizontal seismic coefficient as 
pet Zone V is 0.24 as per Nati.anal Committee on Seismic Desigrt 
Parameters (NCSDP) while Ml s Tata has considered 0.11 for 
calculations. 

TCE's Reply 
Khutani Small Hydro Ele~tric Project is being developed as Q low• 
head 'Run-of-the-River' type development involving a diversion 
barr<>ge across the Sar<:tju River in the Bageshwar district located in 
·the Kumaon region of Uttarakhand. The project lies in Zone Vas per 
the Seismic Zoning Map of India inco,porated in IS: 1893 (Part-1)-
2016 

The design horizontal seismic coeffa;ient (ah) for project components 
are calculated according to Indian Standard IS 1893-1984 criteria 
for earthquake resistant design of structures and as given below as 
per seismic coefficient method given in clause 3.4.2.3. of IS 1893-
1984 as=J3• 1 • a,,. 

Where, 

J3 = coefficient depending upon the soil foundation. system 

I= factor depending upon the importance of the structure 

ao = basic horizontal seismic coeffu.:ient 
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j3 • 1 (}?efer Table 3) 
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Therefore, design horizontal seismic coefficient (ah) = 1x 3.x 0.08 =

0.24

This is in line with the recommended value as per zone V as per
National Committee on Seismic Design Parameters (NCSDP)
considering highestvalue of importance factor.

Therefore, Vertical seismic coefficient for barrage, av = 2/3 ah =

0.16

Similarly, for Tunnel Intake Importance factor 1 = 1 being
categorised as ‘other structure’ as per Table 4

Therefore,

Design horizontal seismic coefficient for tunnel intakefah) = I x 1.x
0.08 = 0.08

However, In the structural design report for tunnel intake vide Doc.
NNo.: TCE 7784A-CV-CALC-3028-01 (RQ), the Seismic Coefficient (ah)
was calculated as 0.11 following the formula, ah= 7/2*1/R* Sa/g
provided in IS 1893 (Part-1)-2016.

It is pertinent to mention that IS: 1893 (Part-1)-2016 deals
primarily of building structure and the provision indicated
in the above code for calculating design seismic coefficient
is meantfor buildings.

For hydropower structure, mainly dam/barrage/intake,
horizontal seismic coefficients are generally calculated as
per provision givenin clause 3.4.2 3 of IS 1893-1984.

Therefore, the method for calculating design horizontal
seismic coefficient following 18:1893 (Part-1):2016 and
seismic zone were wrongly adopted in the structural design
report for tunnel intake.

However, the value calculated in the report (0.11) is more
than the actual value (0.08) calculated following IS 1893-
1984 and thus, will not have any impact in the design aspect.

8. The matter was examined by us on 16.05.2024 when learned Amicus

Curei, Sh. M.R Shamsad, Advocate stated that as per Expert Committee's

report, in respectof seismic zone, there is an apparenterrorin as much as

structural design for tunnel has been calculated by considering the seismic

zone-IV though as a matter of fact, area falls in seismic zone-V and

Therefore, design. horizontal seismic coefficient (ah) • 1 x 3 x 0.08 • 
0.24 

This is in line with the recommended ual,1e as per 2<>ne V as per 
Nq.tf.on.al Committee on. Seismic Design Parameters (NCSDP) 
considering high.es t value of importc,,n.ce factor. 

There.fore, Vertical seismic coefficient for barr<l{!e, a.v • 2/ 3 a.I, ~ 
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categorised a..,; 'other structure' as per Table 4 

Therefore, 
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per provision given in clause 3.4,2 3 of IS 1893-1984. 

Therefore, the method for calculating design horizontal 
seismic coefficient following IS: 1893 (Part-1)-2016 a ,nd 
seismic zone were wrongly adopted in the structural design 
report for tunnel intake . 

.However, the value calculated in the report (0.11) is more 
than the a ctual value /0.08/ calculated following IS 1893-
1984 and thus, will not have any impact in the design a spect. 
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therefore, value ofseismic co-efficient value (denoted as ‘ah’)was computed

as 0.11 though it would have been different computed by taking seismic

zoneas V.

9. In view thereof, we direct Expert Committee constituted by this

‘Tribunal vide order 30.01.2024 to lool: into this aspectof the matter and

submit report,

10. Pursuant to order dated 16.05.2024, Expert Joint Committee's

report dated 11.07.2024 has been submitted.

11, Report shows that it has considered comments of Dr. Sumer

Chopra, one of the members on Expert Joint Committee in reply submitted

by project proponent (respondent 5) and his comments are as under:-

“Facts on the reply submitted to NGT on seismic parameter IS 1893 is
the Indian standard code of practice for "Criteria for Earthquake
Resistant Design of Structures.” The code has undergone several
revisions to incorporate advancementsin knowledge and technology
related to earthquake engineering. The IS 1893-1984 is the fourth
revision while theIS 1893-2016 is the sixth revision.

As perthe IS code, the horizontal seismic coefficient (ah) for a
structure can be computed by two methods,

(i) Seismic coefficient method / Equivalent static method
and

(ii) Response spectrum method.

The seismic coefficient method is a simplified approach for
seismic analysis, often usedfor regular and low-rise structures. It
approximates the effects of an earthquake by applying equivalent
static horizontal forces to the structure.

The response spectrum methodis a more refined and accurate
approach for seismic analysis, suitable for all types of
structures, especially irregular and high-rise buildings. It uses
the structure's dynamic characteristics to estimate the seismic
response.

In IS 1893-1984, the expressions for ah in seismic coefficient method
and response spectrum method are different. In IS 1893-2016,

(V therefore, value of seismic co-efficient value (denoted as 'ah')was computed 

as 0.11 though H would have been different computed by taking seismic 

zone as V. 

9. In view thereof, we direct Expert Committee constituted by this 

Tribunal vide order 30.01.2024 to look into this aspect of the matt.er and 

submit report. 

10. Pursuant to order dated 16.05.2024, Expert J oint Committee's 

report dated 11.07.2024 has been submitted. 

11. Report shows that it has considered comments of Dr. Sumer 

Chopra, one of the members on Expert Joint Committee in reply submitted 

by project proponent (respondent 5) and his comments are as under:• 

"Facts on the reply submitted to NGT on seismic parameter IS 1893 is 
tlte Indian standw·d code of µructice for "Criteria for Earthquake 
Resistant Design of Structures.• The code has undergone seueral 
revisions to incorporate advancements in knowledge and technology 
rela!ed !o earthquake engineering. The IS 1893-1984 is the fourth 
revision while the IS 1893-:2016 is the sixth revision. 

As per the IS code, tlte hori:l;ontal seismic coefficient (ah) for a 
structure can be computed by two methods, 

(i) • Seismic coefjk;ient method/ Eqtdvalent static method 
and 

(ii) Response spectrum method. 

The seismic coeflici.ent method is a simplified approach for 
seismic analysis, often used for regular and low-rise structures. It 
approxim(l.tes the effects of an earthquake by applying equivalent 
static hori:t.ontalforces to the structure. 

The response spectrum method is a more refined and accurate 
approach for seismic analysis, suitable for all types of 
structures, especially irregular and high-rise buildings. It uses 
the structure's dynamic characteristics to estimate the seismic 
response. 

In IS 1893-1984, the expressions for ah in seismic coefficient method 
and response spectrum method are different In IS 1893-2016, 
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although the expression is same, design acceleration
coefficient for different soil types, normalized with peak
ground acceleration (Sa/g) is different corresponding to natural
Period (T) of structure. For example, as per IS 1893-1984, in seismic
coefficient method the design value of horizontal seismic coefficient

ag-lao Q)

where I= a factor, called importance factor, depends upon the
importance of the structure

a coefficient depending upon the soil-foundation system
a= basic horizontal seismic coefficient. This value is different for
different seismic
zones.

In response spectrum method,

y= BT Fo* Sa/g (2)

where Fo is the seismic zone factor and Sa/g is the average
acceleration coefficient for appropriate natural period and damping of
the structure,

As per IS 1893-2016, the horizontal seismic coefficient
n= (2/2)*U/ R)*(Sa/9) (3)

where Z= seismic zone factor and R is the response reduction factor.
Sa/g is taken from the following:

For use in equivalent static method

a ,
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although the expression is same, design acceleration 
coefficient for different s oil types, normalized with peak 
ground acceleration (Sa/g} is different corresponding to natural 
period /T} of structure. For example, as per JS J 893-1984, in seismic 
coeffrcient method the desi.gn value of horizontal seismic coeffr.cien,t 

(1) 

where 1 • a factor, called importance factor, depends upon the 
importance of the structure 

/3= a coefficient depending upon the soil-foundation system 
a.= basic horizontal seismic coefficient. This value is different for 
different seismic 
zones. 

In response spectrum method, 

a,,= j3•1• Fo• Sa/ g (2) 

where Fo is the seismic zone factor and Sa/ g is the average 
acceleration coefficient for appropriate natural period and damping of 
the structure. 

As per IS 1893-2016, the ho~ontal seismic coejfr.cient 
a•• (Z/2)•(1/R/*(Sa/g) (3) 

where z, seismic zone factor and R is the response reduction factor. 
Sa/ g is taken f rom the following: 

For use in equivalent static method 
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to For use in response spectrum method
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soil sites

M/s Tata Consulting Engineers Limited in the structural design report for
tunnel intake Doc, No. TCH.7784A-CV-CALC-3028-01 (R1), estimated the
seismic coefficient (ay) following the response spectrum method given
in IS 1893-2016, While calculation, M/s Tata. Consulting Engineers Limited
considered the seismic zonefactor Zof seismic zone IV, that is
0.24, 11, R=1.5,  Sa/g=1.358. Therefore

an=(0.24/2)*(1/ 1.5)*1.358"0.11.

Now, M/s Tata Consulting Engineers (TCE) Limited mentioned that the an
value calculated using equation (1) above ie. ax= 13% as, that is using
seismic coefficient method as per IS 1893-1984,is 0.08. They estimated the
value by taking Importance factor 1=1, 3=1 and basic horizontal seismic
coefficient for zone V (ag}=0.08. They mentioned that a=0.11, calculated
in the report, is more than the ay value calculated by use of seismic
coefficient method of IS 1893-1984. Therefore, it will not have any impact,
in the design aspect.

Itis observed that

I. The Khutani Small Hydro Electric Project site is in
seismic zone-V and M/s Tata Consulting Engineers (TCE) Limited
admitted this fact now. The zone factor Z in equation (3) is 0.36
for zone-V. Considering Sa/g=1.358 (corresponding to the natural
period of the structure), 1=1.0 and R=1.5 values as considered by
M/s Tata Consulting Engineers Limited makes an =

(0.36/2}*(1/1.5)*1.358 =0.16, So ay=0.11 is not correct forsites
in zone-V, rather0.16is the correct value.

For use in response spectrum method 
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or hard 1 
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M/s Tata Consulting Engineers Limited in the structural design report for 
tunnel intake Doc. No. TCH.7784A-CV-CALC-3028-01 (R 1), estimated the 
seismic coefficient (ah) following the response spectrum method given 
in IS 1893-2016. While calculation, Mis Tai.a Consu.l.ting Engineers Limited 
considered the seismic zone factor Z of seismic zone IV, that is 
0.24, l=J, R• l.5, Sajg =l .358. Therefore 

a;.=/0.2412)*/ll l.5)*1.358• 0.l 1. 

Now, Ml s Tata Omsulting Engineers (TCE) Li.mited mentioned that the a,, 
ualue calculated using equation (1) above i.e. a,,= 13•1" a., that is using 
seismic coeffwient method as per JS 1893-1984, is 0. 08. They estimated the 
value by taking Tmportance factor 1 a 1, 3• 1 and basic hori7.,mtal seismic 
coeffici.entfor zone V {a,,)=0.08. They mentioned that a;.= 0.11, ca.lculated 
in. the report, is more than the a,, value calculated by use of seismic 
coefficient method of TS I 893- 1984. Therefore, it will not have any impact 
in. the design aspect 

It is obserued that 

J. The Khutani Small Hydro Electric Project site is in 
seismic zone-V and Ml s Tata Consulting Engineers (I'CE/ Limited 
admitted this fact now. The zone factor Z in equation (3) is 0.36 
for zone-V. Considering Sa/g• l.358 {corresponding to the natural 
period of the structure), 1 = 1. 0 a.nd R= 1. 5 values as considered by 
Ml s Tata Consulting Engineers Limited makes a1> • 
(0.3612/'{lll.5)*1.358 • 0.16. So a,,;0 .1.l is not correct for sites 
in zone-V, rather 0.16 is the correct value. 
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2, M/s Tata Consulting Engineers Limited mentioned that IS
1893-2016 (Part1) deals primarily of building structure and the
provision indicated in the code for calculating design seismic
coefficient is meant for buildings. For hydropower structure,
mainly dam/barrage/intake, horizontal seismic coefficients
are generally calculated as per provision given in clause 3.4.2.3
of IS 1983-1984. That makes the ah value 0.08 (equation 1),

using the equivalent static method. It ts important to mention
here that ‘Recommendations for earthquake resistant
design of structures' was first published in 1962, and
revised in 1966, 1970, 1975 and 1984, Further, in 2002,
the Committee decided to present the provisions for
different types of structures in separate parts, to keep
abreast with rapid developments and extensive research
carried out in earthquake-resistant design of various
structures. Thus, IS 1893 was split into five parts. The other
parts in the series-are: =

Part1: General provisions and buildings

Part : Liquid retaining tanks - Elevated and ground supported
Part 3: Bridges and retaining walls

Part 4: Industrial structures, including stack-like structures
Part 5: Dams and embankments(to be formulated)

However, it is mentioned in "Foreword" of IS 1893-2016 that this
standard (Part 1) contains general provisions on earthquake
hazard assessment applicable to all buildings and structures
covered in Parts 2 to 5.

It is obvious that M/s Tata Consulting Engineers Limited is
comparing an value estimated from older and recent IS
codes and that too estimated by two different methods.
Comparing the seismic horizontal coefficients calculated
using IS 18931984 and IS 1893-2016 reveals significant
differences due to updates and improvements in the
standards over the years. ‘The following Table-I presents an
overviewof the main differences in both the versionof the codes.

Table 1: Comparison of factors used for caleulation ofan in
15 1893-1984 and IS 1893-2016

Factor 18 1893-1984 1S 1893-2016
Seismic zone|The seismic zones were Tones were updated, with
factor (2) ‘categorized into five zones (| Zone V having a factor of

‘0 V) with corresponding 0.36.
zone factors, Zone V had
the highest factorof 0.4.

I , 

2. M/ s Tata Consulting Engineers Limited mentioned that IS 
1893-2016 (Part 1) deals primarUy of building structure and the 
provision indica.led in the code for calculating design seismic 
coefficient is mecmt for buildings. For hydropowe-r structure, 
ma.inly dam/ barra.ge/intake, horizontal seismic coefficients 
are generally calculated as per p rovision given in clause 3.4.2.3 
of IS 1983-1984. That makes the ah value 0.08 (equation 1), 
using the equivalent static methot;l. It is important to mention 
h ere that 'Recommendations for earthquake resist ant 
design of structures' was first published in 1962, and 
revised in 1966, 1970, 1975 and 1984. Further, in 2002, 
the Committee decided to present the provisions for 
different types of structures in separate parts, to keep 
abreast wit h rapid development s a nd extensive research 
carried out in earthquake-resistant design of various 
structures. Thus, IS 1893 was split into five parts . The other 
parts in the series-ar . 

Part 1: General provisions and buildings 

Part 2: Liquid r etaining tanks - Elevated and ground supported 

Part 3 : Bridges and retaining walls 

Part 4: Industrial· stru·ctr.tres;•including stack-like stru:ctures-­

Part 5: Dams and embankments (tn be formulated) 

However, it is mentioned in "Foreword" of IS 1893-2016 that this 
standard (Part 1) contains general provisions on earthquake 
hazard assessment applicable to a ll buildings and structures 
covered in Parts 2 to 5 . 

lt is obvious that M/ s Tata Consulting E ngi n eers Lim i ted is 
comparing a h valu e est imated from older and recent IS 
cod·es and that too estima ted by two different methods. 
Comp a ri ng the seismic horiz ontal coefficients calculated 
using IS 189319.84 and IS 1893-2016 reveals signific ant 
d ifferences due t o updates and improvi?ments in the 
s tandards over the years. The follcwing Table-1 presents an 
overview of the main differences in both the vers.ion of the codes. 

Table 1: Comparison of /actors used for oolculation of Q.li in 
IS 1893-1984 a»dIS 1893·2016 

Factor JS 1893-1984 JS 1·893-2016 
Sel.'9mic zone 1hJ! seismic zones 1..vere Zones were updated, with 
factor (Z/ et:aegorized into fwe zones (I Zone V having a/actor of 

to "7 with corrc.spondin9 0.36. 
zone factors. Zone V had 
<he h~hest factor of 0.1. 
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Ic [rsaay Ta pansTas

——
we ataipo—

o ranged from 1.0 t9 3.0 factors ranging from 1.0
depending on the type of|to 1.5 or higher for ertical
building. structures,

‘Response This factor was not expliaily|More detailed and
detailed in the 1984 version|specific to different

reduction as itis in the tater versions.|structural systems,
{factor (R) ranging from 1.5 to 5.0 or

“Average To be considered for ‘To be considered for
acceleration|appropriate natural period|rock/ stiff soil / soft soil
coefficient and damping of the sites based on
(Sa/g) structure appropriate natural

period of the structure

12, Joint Committee agreeing with’ the said comment, has recorded its

summary findings as under:~

“Summary:

© The formula for ahis similarin concept for both the versions
of the IS codes, but uses updated factors and response
spectra, leading to different results. Hence, the seismic
horizontal coefficients calculated using IS 1893-1984
and IS
1893-2016 are not directly comparable dueto significant
updates in seismic zoning, importance factors, response
reduction factors, and response spectra.

© The 2016 version provides a more accurate and detailed
approach reflecting current knowledge and practices in
earthquake engineering. Consequently, calculations using
the 2016 code will generally result in different, and
often higher, seismic forces, ensuring improved safety
and performanceof structures under seismic events.

0 Justifying the estimations with older provisions is not correct
and there should be consistency in estimations.

© In view of the above, the ah valuewill be 0.16, considering
11.0, R#1.5, Sa/g= 1.358 andZ (for zone-Vj=0.36.”

13, Learned counsel appearingfor respondent 5 stated at the bar today

that they do not propose tofile any objection to above report dated

11.07.2024 and ontheother hand, respondent5 (proponent) is agreeable

to recompute structural design calculation in the lightof report submitted

10

(ID ·rmpo·rtance [0.CtlJi Th~ importance factor More detailed importance 
(I) ranged from 1.0 t.o 3.0 factors ranging from l.O 

depending on the type of to J .5 or higher for critical 
buildillg. structures. 

Response 71tis factor was no! expUdtl!f More detailed and 
detailed. in ,tie 1984 version specific to d.ij]erent 

reduction as i1 is iri. the lc.ter versibns. .struclural ~ystem.s , 
factor (RJ ranging from 1. 5 to 5. O or 

., 
Average To be considered for To be con.sidered for 
acceleration appropriut,e nalural period rock/ stiff soil / soft soil 
coefficient and damping of the sites based on 
(Sa/g) Str'UCHlr'e appropriate natural 

period of the structure 

" 

12. Joint Committee agreeing with' the said comment, has recorded its 

summary findings as under:-

"Sumniary: 

o T/te formula for ah is similar in concept for both the versions 
of the IS cedes, but uses updated factors an.d response 
spectra, leading to different results. Hence, the seismic 
horizontal coefftctents calculated using IS 1893-1984 
and IS 
1893-2016 are not directly comparable due to significa.nt 
updates in seismic zoning, importance factors, response 
reductionfactors, and response spectra. 

o The 2016 version provides a more accurate and detailed 
approach reflecting current knowledf,e and practices in 
earthquake engineering. Cons equently, calculations using 
the 2016 code will generally result in different, and 
often higher, seismic forces, ensuring improved safety 
and perforrnance of structures under seismic events. 

o Justifying the estimations with older proviswns is not correct 
and there should be consistency in estimations. 

o In vtew of the above, the ah value will be 0.16, considering 
l=l.O, R•l.S, Sa/g• 1.358 and Z (for zone-VJ=0.36. • 

13. Learned counsel appearing for respondent 5 stated at the bar today 

that they do not propose to file any objection to above report dated 

11.07.2024 and on the other hand, respondent 5 {proponent) is ~eeable 

to recompute stnictural design calculation ln the light of report submitted 
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by Expert Joint Committee and take remedial and corrective measures

accordingly in respect of designing and constructions in question.

14, In view thereof, we do notfind any exigency to keep the matter

pending further and dispose of this original application by directing

respondent5 to reconsider the structural design calculation in thelight of

Expert Joint Committee report dated 11,07.2024 and take necessary

remedial and corrective measures for strengthening the constructions in

dispute and take all steps for consequential safety measures within a

period of three months and submit a compliance report with Registrar

General of this Tribunal, who, if finds necessary, may place the matter

before Tribunal for furtherorders.

15. With the above directions/observations, the original application is

disposed of,

Sudhir Agarwal, JM

Dr. Afroz Ahmad, EM
July 16, 2024
Original Application No. 485/2023
AB

a

13
by Expert Joint Committee and take remedial and corrective measures 

accordingly in respect of designing and constructions in question. 

14. In view thereof, we do not llnd any exigency to keep the matter 

pending further and dispose of this original application by directing 

respondent S to reconsider the structural design calculation in the light of 

Expert Joint Committee report dated 11.07.2024 and take necessary 

remedial and corrective measures for strengthening the constructions i11 

dispute and take all steps for consequential safety measures within a 

period of three months and submit a compliance report with Registrar 

General of this Tribunal, who, .if fi11ds necessary, may place the matter 

before Tribunal for further orders . 

15. With the above directions/observations, the original application is 

disposed of. 

July 16, 2024 
Original Application No. 485/2023 
AB 

Sudhir Agarwal, JM 

Dr. Afroz Ahmad, EM 
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4.1. GENERAL

Khutani Small Hydro Electric Projectis being envisaged as a low-head 'Run-of-the-River’ type
development involving a barrage across the Sarju River in the Bageshwar District locatedin the
Kumaon region of Uttarakhand. For power generation, the project shall utilize the flow of the

_-SarjuRiver by constructing a barrage at about250 m downstream of the confluence ofBhadargad and Sarju River. Water from the pondage created behind the barrage would be

conveyed through a water conductor system comprising of an approach/feeder channel, a Head
Race Tunnel (HRT) about 4 km long, surge shaft and penstock. The water would be fed to a
surface powerhouse and the tail water discharge from the powerhouse would be released back
to the Sarju River.

1.2 OBJECTIVE OF THE REPORT

The present report outlines the design criteria for reinforcement design of Tunnel Intake
Structure using IS standard. The structural analysis is done using Bentley Software
“STAAD.pro” and design is done using spreadsheet developed as per IS standard.

FEEDER CHANNEL

5.0 MODIFY
HORSE SHOE
SHAPE TUNNE

|

Figure- 1: Plan of Tunnel Intake
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1 INTRODUCTION 

1.1 GENERAL 
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Khutani Small Hydro Electric Project is being envisaged as a low-head 'Run-of-the-River' type 

development involving a barrage across the Sa~u River in the Bageshwar District located in the 

Kumaon region of Uttarakhand. For power generation, the project shall utilize the flow of the 

Sarju River by constructing a barrage at about 250 m downstream of the confluence of 

Bhadargad and Sarju River. Water from the pondage created behind the barrage would be 

conveyed through a water conductor system comprising of an approach/feeder channel, a Head 

Race Tunnel (HRT) about 4 km long, surge shaft and penstock. The water would be fed to a 

surface powerhouse and the tail water discharge from the powerhouse would be released back 

to the Sarju River. 

1.2 OBJECTIVE OF THE REPORT 

The present report outlines the design criteria for reinforcement design of Tunnel Intake 

Structure using IS standard. The structural analy.sis is done using Bentley Software 

"STAAD.pro• and design is done using spreadsheet developed as per IS standard. 
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(4
|

2 SALIENT FEATURES OF TUNNEL INTAKE
:

‘S.No. Description Unit Parameter

1|Full Reservoirs Level (FRL) m EL. 799.00

2|Maximum Water Level (MWL) m EL. 799.00

3|Top Level of Structure m EL. 800.00

4|Nos. of Bays Nos. One

5 Length m 14.00

6|Clear Width of each Bay m 10.00

7|Typeof Structure . Ear Mouth

3 STANDARD, MANUALS AND OTHER REFERENCE

List of manuals and various Codesare provided in the table below.

Plain and reinforced concrete -
1.|IS-456:2000

Codeof practice
Citeria for earthquake resistant design

1S-1893:(partt) 2016 " a
2. of structures

(reaffirmed 2021)

‘Standard Specifications and code of

practice for Road bridges
3. IRC-6-2000

Code of practice for design and
1S-1904:1986 (reaffirmed

4. construction of foundation in soils:
1995)

General requirement
Strength design for reinforced concrete
hydraulic structure

5.|EM-1110-2-2104

Foundation Analysis and Design, by

“Joseph E. Bowles"
6.|Reference Book-1

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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S.No. Description Unit Parameter 

1 Full Reservoirs Level (FRL} m EL. 799.00 

2 Maximum Water Level (MWL} m EL. 799.00 

3 Top Level of Structure m EL. 800.00 

4 Nos. of Bays Nos. One 

5 Length m 14.00 

6 Clear Width of each Bay m 10.00 

7 Type of Structure . Bell Mouth 

3 STANDARD, MANUALS AND OTHER REFERENCE 

List of manuals and various Codes are provided in the table below. 

S.No. eo.tl:e N~h 
,, 

11illi!. 
. 

1. IS-456:20.00 
Plain and reinforced concrete -

Code of practice 

IS-1893:(part1} 2016 
Criteria for earthquake resistant design 

2. of structures 
(reaffirmed 2021) 

3. IRC-6-2000 
Standard Specifications 

practice for Road bridges 

and code of 

Code of practice for design and 

4. 
IS-1904:1986 (reaffirmed 

construction of foundation in soils: 
1995) 

General requirement 

5. EM-1110-2-2104 
Strength design for reinforced concrete 

hydraulic structure 

Foundation Analysis and Design, by 
6. Reference Book-1 

"Joseph E. Bowles" 
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4 UNIT System
For all technical documents the SI system will be used. The units of some important parameters.
are the following:

Description [Unit
‘Mass kg

Loads / Forces KN, kim TkNim?

Moments (Bending Moments) kNm

Pressures! Stresses Nimm2(=MNim2 = MPa) or kNim2 (= kPa)
Volume m
Unit weight kNim®

‘Angle Degrees (*)

5 MATERIAL PROPERTIES

5.1 CONCRETE

Grade of concrete M25
Characteristic Strength of concrete 25 MPa

Modulusofelasticity ‘5000x(fax)°*
Unit Weight of concrete 25 kNim®

5.2. REINFORCEMENT

Gradeof Steel Fe-500
Yield strength of steel 500 MPa

Modulus of elasticity 2x10" MPa

5.3. FOUNDATION

Safe Bearing Capacity of Founding Material, SBC 200 kN/m? (Assumed)

‘Sub-grade Modulus, Ks = 2.5*40"SBC 20000 kN/m?/m_

(Note- Sub-grade Modulus has been calculated using Equation 9-9 of "Foundation Analysis and Design” by Joseph
E, Bowles @ page no 502; the same value of subgrade modulus has been used in STADD.pro model to simulate
soil-structure interaction.)

5.4 EARTH BACKFILL,

The below mentioned parameters for Earth backfill has been suitably assumed;

Saturated Unit Weight, Ysx 22.0 kN/m?

Structural Design of Tunnel Intake-Khutani SHP Rey-R3
Page 3
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4 UNIT SYSTEM ~ 
For all technical documents the SI system will be used. The units of some important parameters~ 

are the following: 

Desc'ri'Pfion 
' 
Unit 

Mass kg . 
Loads / Forces kN, kN/n, / kN/m2 

Moments (Bending Moments) kNm 

Pressures/ Stresses N/mm2(=MN/m2 = MPa) or kN/m2 (= kPa) 

Volume ml 

Unit weight kN/m3 

Angle Degrees (0
) 

5 MATERIAL PROPERTIES 

5.1 CONCRETE 

Grade of concrete M-25 

Characteristic Strength of concrete 25 MPa 

Modulus of elasticity 5000 X (fe~)O,S 

Unit Weight of concrete 25 kN/m3 

5.2 REINFORCEMENT 

Grade of Steel Fe-500 

Yield strength of steel 500 MPa 

Modulus of elasticity 2x105 MPa 

5.3 FOUNDATION 

Safe Bearing Capacity of Founding Material, SBC 200 kN/m2 (Assumed) 

Sub-grade Modulus. Ks= 2.s•4o•ssc 20000 kN/m2/m 

(Note• Sub.grade Modulus has been calculated using Equation 9.9 of "Foundation Analysis and Design" by Joseph 

E. Bowles @ page no 502; the same value of subgrade modulus has been used in STADO.pro model to simulate 

soil-structure interaction.) 

5.4 EARTH BACKFILL 

The below mentioned parameters for Earth backfill has been suitably assumed; 

Saturated Unit Weight, Y•at 22.0 kN/m3 
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| Cohesion (Considered zerofor calculation only, however same shall beas per locally available
material at the site) 0.00 kN/m?

Angle of Friction, @ 30.0 degrees

5.5 WATER

Unit Weight of Water, yw = 9.81 kN/im®

6 DESIGN Loap
6. SELF-WEIGHT

Self-weight of Intake structure has been calculated by STAAD.pro based on geometrical
parameters and material properties given as input. This load is permanent action (6).

6.2 SEISMIC INERTIA FORCE (EQX & EQZ)
The design horizontal and vertical seismic coefficients for DBE/OBE condition are
recommended as ah = 0.16 and av= 0.11.

Project is in Zone V as per the Seismic Zoning Map of India incorporatedin IS: 1893 (Part-1)-
2016 considering project site nearby Almora. The horizontal earthquakeforce orthe inertia
forces has been determined from IS Code. The horizontal inertial force is calculated by

multiplying the seismic coefficient with the weight of the structure. Inertia force will be acting at

the centroid of the structure.

The earthquake forces (both horizontal and vertical) are treated as simple static inertia force

and are combined with water or gravity loads.

+ Zone factor Z- 0.36

% Importance Factor -1.00

“+ Response Reduction Factor 1.50

Seismic Coefficient (ah) Shall be calculated as per following formula.

h=2/2"1/R* Sala

Sa/g is spectral acceleration and calculated corresponding to the natural period of vibration of

structure, The natural period of vibration shall be calculated using following formula givenin IS

12720:2004.

Structural Design of Tunnel Intake-Khutani SHP. Rev- R3
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Cohesion (Considered zero for calculation only, however same shall be as per locally available 

material at the site) 0.00 kN/m2 

Angle of Friction, <p 30.0 degrees 

5,5 WATER 

Unit Weight of Water, Vw = 9.81 kN/m3 

6 DESIGN LOAD 

6.1 SELF-WEIGHT 

Self-weight of Intake struclure has been calculated by STAAD.pro based on geometrical 

parameters and material properties given as inpuL This load is permanent action (G). 

6.2 SEISMIC INERTIA FORCE (EQX & EQZ) 

The design horizontal and vertical seismic coefficients for DBE/OBE condition are 

recommended as ah= 0.16. and av= 0.11. 

Project is in Zone V as per the Seismic Zoning Map of India incorporated In IS: 1893 (Part-1 }-

2016 considering project site nearby Almora. The horizontal earthquake force or the inertia 

forces has been determined from IS Code. The horizontal inertial force is calculaled by 

multiplying the seismic coefficient with the weight of the structure. Inertia force will be acting at 

the centroid of the structure. 

The earthquake forces {both horizontal and vertical) are treated as simple static inertia force 

and are combined with water or gravity loads. 

❖ Zone factor Z - 0.36 

❖ Importance Factor -1.00 

❖ Response Reduction Factor 1.50 

Seismic Coefficient (ah) Shall be calculated as per following formula. 

Sa/g is spectral acceleration and calculated corresponding to the natural period of vibration of 

structure. The natural period of vibration shall be calculated using following formula given in IS 

12720:2004. 
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The same seismic parameters have been considered in “STAAD.pro” for calculating Pseudo-
static seismic inertial forces. Also, for calculating hydrodynamic force, the horizontal seismic
coefficient would be 0.16,

6.3. EARTH PRESSURE

Earth pressure upto top of the structure i.e.EL.800.00 have been considered, Saturated unit
weight of soil has been considered for calculating the earth pressure. Thestatic component of
earth pressureshall be distributed as triangular load with maximum intensityat the base of wall.

During earthquake case, dynamic increment of earth pressure has been calculated as per IS-
1893-1984. For calculation, refer Annexure-l.

6.4 WATER LOAD

The water load has been applied in two parts viz. Hydrostatic and hydrodynamic. The
hydrostatic pressure is simply calculated by multiplying the depth of water with unit weight of
water and applied as triangular distribution. The hydrodynamic force has been calculated using
Clause 7.2 of IS 1893-1984 and distributed based on the equation for calculating force, for
calculation refer Annexure I.

‘The Hydrodynamic Pressure

p= C.a,wh ‘8, Design Horizontal Seismic Cosfcient
Ww unit weight of water kNvIM?

depth of reservoir,

‘The Coefficient varies with shape and depth,

i ‘Cy Coefficient Calculated from Fig:10(22-2). Pfo-)] “Setefee ae texgaexcrmer

6.5 UPLIFT PRESSURE

Uplift pressure has been calculated for Full reservoir level (EL.799.00) and act on bottom ofthe
raft.

6.6 Live Loap
‘The Intake slab shall be accessed for inspection and be accessible to vehicle also. As vehicle
load have been considered separately, thus, 5 kN/m? load intensity has been considered as live
load.

Structural Design of Tunnel Intalee-Khutani SHP. Rev- R3
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'€ The same seismic parameters have been considered in "STAAD.pro" for calculating Pseudo- 2-
static seismic inertial forces. Also, for calculating hydrodynamic force, the horizontal seismic 

coefficient would be 0.16. 

6.3 EARTH PRESSURE 

Earth pressure up to top of the structure l.e.EL.800.00 have been considered. Saturated unit 

weight of soil has been considered for calculating the eart11 pressure. The static component of 

earth pressure shall be distributed as triangular load with ma.ximum intensity at the base of wall. 

During earthquake case. dynamic increment of earth pressure has been calculated as per IS-

1893-1984. For calculation, refer Annexure-1. 

6.4 WATER LOAD 

The water load has been applied in two parts viz. Hydrostatic and hydrodynamic. The 

hydrostatic pressure is simply c.ilculated by multiplying the depth of water with unit weight of 

water and applied as triangular distribution. The hydrodynamic force has been calculated using 

Clause 7 .2 of IS 1893-1984 and distributed based on the equation for calculating force, for 

calculation refer Annexure I. 

The Hydroclynmnlc Pre$SIJ11! 

IP = C s lY. 1,Wh I a. ~lgn Holizontal Seismic Co;;f!icient 
w Ullft weighl ot watet kNlm' 
h aeptll or rE>servoir.m 

T·he Coefficient varies -with sho_pe and <1e1lth 

C l ( ') ( "') ' c;., Coefficient ca1cuIatec1 rrom Fi\r'lO ~ y ·Y y . y 
Cs = 2 ,h 2--,; +i,,·1t 2 - ~}' of IS:1893-1984 

. y Deplh or w,1121 frolll'surface of reservoir 

6.5 UPLIFT PRESSURE 

Uplift pressure has been calculated for Full reservoir level (EL.799.00) and act on bottom of the 

raft. 

6.6 LIVE LOAD 

The Intake slab shall be accessed for inspection and be accessible to vehicle also. As vehicle 

load have been considered separately, thus, 5 kN/m2 load intensity has been considered as live 

load. 
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@ 6.7 VEHICLE LOAD ON BRIDGE SLAB

As the exact mobile crane (for lifting the gate) which shall be travelled through thebridge slab,
is notfinalized, 9 R loading (10 ton) from IRC-6 has been assumedfor the design.

6.8 Hoist Loap
‘At present hoist load is not conformed by HM designer. However, an assumption has been
considered for Hoist load for lifting of gate on main intake as 160 kN which is distributed on four
legs.

7 LOAD ComBINATION

Partial safety factor for material strength in assessing the strength of a structure or structural
member for the limit state of collapse, the values ofpartial safety factor should be taken as 1.5
for concrete and 1.15 for steel (IS 456: 2000).The partial safety factors for various loads and
load combinationsare as per IS 456:2000 given below.

Load Combination | Limit Stateof
8 a apse

Dene Ten (Dk i Pet

DL+LL 16 (16 [- 1.0 10=|-

DL FED houale (oom = 10
DL+LL+EL 12 |12 ]42|10 08 [08

Note- Second load combinalion is ignored as live load contribution is found considerably more.

The Primary load for load combination.

alt : EQ(+x)
b.Lc2 : EQ(+zZ)

c. LC-3 : Dead Load

dLC-4 =: Live Load

e. LC-5A : Hydrostatic Load (Upstream Wall)
f. LC-5B : Hydrostatic Load (Inclined Portion)

g. LC-SC : Hydrostatic Load (Bottom Portion)

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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6.7 VEHICLE LOAD ON BRIDGE SLAB 

As the exact mobile crane (for lifting the gate) which shall be travelled through the bridge slab, 

is not finalized, 9 ~ loading (10 ton) from IRC-6 has been assumed for the design. 

10t 

6.8 HOIST LOAD 

At present hoist load is not conformed by HM designer. However, an assumption has been 

considered for Hoist load for lifting of gate on main intake as 160 kN which is distributed on four 

legs. 

7 LOAD COMBINATION 

Partial ·safety factor for material strength in assessing the strength of a structure or structural 

member for the limit state of collapse, the values of partial safety factor should be taken as 1 .5 

for concrete and 1.15 for steel (IS 456: 2000).The partial safety factors for various loads and 

load combinations are as per IS 456:2000 given below. 

Lo.ad € .ombination Limit Stc!te· of Limit State of ... ........... ,<3,ollapse ............ Sewiceability 
. 

. ' DL LL EL PL LL E~ 

DL+ LL 1.5 1.5 - 1.0 1.0 -
DL +'EL 1',5 - 1'.5 1:0 -. ·1:0., 
' ,. 
DL+ LL+ EL 1.2 1.2 1.2 1.0 0.8 0.8 

Note- Second load combinat,on 1s ignored as hve load contnbutlon 1s found considerably more. 

The Primary load for load combination. 

a. LC-1 EQ (+X) 

b. LC-2 EQ (+Z) 

C. LC-3 Dead Load 

d. LC-4 live Load 

e. LC-SA Hydrostatic Load (Upstream Wall) 

f. LC-58 Hydrostatic Load (Inclined Portion) 

g. LC-5C Hydrostatic Load (Bottom Portion) 
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h LCSD : Hydrostatic Load On Breast And Backwall (1)i LO6A : External Soil Pressure (Upstream Wall)

i. LC-6B External Soil Pressure (Inclined Portion)
k, LC-6C : External Soil Pressure (Bottom Portion)
L Lez Weight of Water
m.LC-8 :Uplift Pressure —
n. LC-9 : Hoisting Load

0. LC-10 : Bridge Load

p. LO-11A Hydrodynamic Loading (+2)

a. LOB Hydrodynamic Loading (-Z)

r. LO-41C Hydrodynamic Loading (-X)

s, LC-12A : Dynamic Increment (-Z)

t. LO12B : Dynamic Increment (+Z)
‘The structure is analysed for following load combination.

For finalization of General arrangement, concrete definition and reinforcement
calculation below mentioned load combination will be used.

101, Operation condition-1; 1.5 LC-3+1.5 LC-4+1.5 LC-7+1.5 LC-SAH.5 LC-SB+ 1.5 LC-

5C+1.5 LC-SD+1.5 LC-8+1.0 LC-9+1.0 LC-10

102. Operation condition-2: 1.5 LC-3+1.5 LC-4+1.5 LC-7+1.5 LC-SA+1.5 LO-SB+ 1.5 LC-
5C+1.5 LC-SD+1.5 LC-8+1.0 LC-9

103. Construction concition-1 (Empty intake): 1.5 LC-3+1.5 LC-4+1.5 LC-1.5 LC-6A+1.5 LC-

6B+1.5 LC-6C +1.0 LC-9+1.0 LC-10

104. Construction condition-2 (Empty intake): 1.5 LC-341.5 LO-4+1.5 LC-1.5 LC-6A+1.5 LC-

6B+1.5LC-6C +1.0 LC-9

105. Operation condition + EQ(+x): 1.2 LC-1+1.2 LC-3+1.2 LO4#1,2 LC-5A+1.2 LC-SBH1.2 LO-

§C#1.2 LC-SD#1.2 LC-7+1.2 LC-8+1.0 LC-944.2LC-11C

106. Operation Condition + EQ (+Z): 1.2 LC-2+1.2 LO-3+1.2 LC4+1.2 LC-SAH.2 LC-5B+1.2
LO-SC+1.2 LC-5D+1.2 LC-7+1,2 LC-8#1.0 LC-9#1.2 LO-11A

107. Operation Condition + EQ (-Z): -1.2 LC-2+1.2 LO-3+1.2 LC4+1.2 LC-5A1.2 LC-5B+1.2
LC-SC+1.2 LC-SD+1.2 LC-7+1.2 LC-8+1.0 LC-941.2 LC-11B

Structural Design of Tunnel Intake-hutani SHP Rev- R3
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h. LC-5D Hydrostatic Load On Breast And Backwall c/(y 
i. LC-6A External Soil Pressure (Upstream Wall) 

j. LC-6B External Soil Pressure (Inclined Portion) 

k. LC-6C External Soil Pressure (Bottom Portion) 

I. LC-7 Weight of Water 

m. LC,8 Uplift Pressure 

n. LC-9 Hoisting Load 

o. LC-10 Bridge Load 

p. LC-11A Hydrodynamic Loading ( + Z) 

q. LC-11B : Hydrodynamic Loading (-Z) 

r. LC-11C Hydrodynamic Loading (-X) 

s. LC-12A : Dynamic Increment (-Z) 

t. LC-12B : Dynamic Increment (+Z) 

The structure is analysed for following load combination. 

For finalization of General arrangement, concrete definition and reinforcement 

calculation below mentioned load combination will be used. 

101. Operation condition-1: 1.5 LC-3+1.5 LC-4+1.5 LC-7+1.5 LC-5A+1.5 LC-58+ 1.5 LC· 

5C+1.5 LC-50+1.5 LC-8+1 .0 LC-9+1.0 LC-10 

102. Operation condition-2: 1.5 LC-3+1.5 LC-4+1.5 LC-7+1.5 LC-5A+1 .5 LC-58+ 1.5 LC· 

5C+1.5 LC-50+1.5 LC-8+1.0 LC-9 

103. Construction condition-1 (Empty intake): 1.5 LC-3+1.5 LC-4+1.5 LC-1.5 LC-6A+1.5 LC-

6B+1.5 LC-6C +1.0 LC-9+1.0 LC-10 

104. Construction condition-2 (Empty intake): 1.5 LC-3+1.5 LC-4+1.5 LC-1.5 LC-6A+1.5 LC-

68+1.5 LC-6C +1.0 LC-9 

105. Operation condition+ EQ(+x): 1.2 LC-1+1.2 LC-3+1.2 LC4+1.2 LC-5A+1.2 LC-58+1.2 LC-

5C+1.2 LC-50+1.2 LC-7+1.2 LC-8+1.0 LC-9+1.2 LC-11C 

106. Operation Condition+ EQ (+Z): 1.2 LC-2+1.2 LC-3+1 .2 LC4+1.2 LC-5A+1.2 LC-58+1 .2 

LC-5C+1.2 LC-50+1.2 LC-7+1.2 LC-8+1.0 LC-9+1.2 LC-11A 

107. Operation Condition + EQ (·Z): -1.2 LC-2+1.2 LC-3+1.2 LC4+1.2 LC-5A+1.2 LC-58+1.2 

LC-5C+1.2 LC-50+1.2 LC-7+1.2 LC-8+1.0 LC-9+1 .2 LC-11B 
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110. Construction Condition + EQ (2): -1.2 LC-241.2 LC-3+1.2 LC-4+1.2 LC-6A+1.2 LC

108. Construction Condition + EQ (-X): -1.2 LC-1+1.2 LC-3+1.2 LC-4+1.2 LC-6A#1.2 LC-

6B+1.2 LC-6C+1.0 LC-9

109. Construction Condition + EQ (+Z): 1.2 LC-2+1.2 LC-341.2 LC-4+1.2 LC-6A+1.2 LC-

6B+1.2 LC-6C+1.0 LC-9+1.2 LC-12B

6B+1.2 LC-6C+1.0 LC-9+1,.2 LC-12A

For checkof deflection, base pressure and stability following load combination has been
used.

201. Operation Condition-1 (Serviceability): 1.0 LC-3+1.0 LC-4+1.0 LC-SA+1.0 LC-SB+1.0 LC-

5C#1.0 LC-5D+1.0 LC-7+1.0 LC-8+1.0 LC-9+1.0 LC-10

202. Operation Condition-2 (Serviceability): 1.0 LC-3+1.0 LC-4+1.0 LC-5A+1.0 LC-5B+1.0 LC-

§C#1.0 LC-5D+1.0 LC-7+1.0 LC-8+1.0 LC-9

203. Construction Condition-1 (Empty Int)-Serviceability: 1.0 LC-3+1.0 LC-4+1.0 LC-5A+1.0 LC-

SB+1.0 LC5C+1.0 LC-9+1.0 LC-10

204. Operation Condition-2 (Empty Int)-Serviceability: 1.0 LC-3+1.0 LC-4+1.0 LC-SA+1.0 LC-

5B+H1.0 LC-5C+1.0 LC-9

205. Operation Condition + EQ(+X) (Serviceability); 0.8 LC-1+1.0 LC-3+0.8 LC-4+0.8 LC-5A+0.8

LC-5B+0.8 LC-5C+0.8 LC-5D+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC-11A

206. Operation Condition + EQ (+Z) (Serviceability): 0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-

5A+0.8 LC-5B+0.8 LC-SC+0.8 LC-SD+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC-11C

207. Operation Condition + EQ (-Z) (Serviceability): -0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-

5A+0.8 LC-5B+0.8 LC-5C+0.8 LC-SD+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC-11B

208. Construction Condition + EQ (-X) (Serviceability): -0.8 LC-1+1.0 LC-3+0.8 LC-4+0.8 LC-

6A+0.8 LC-6B+0.8 LC-6C+0.8 LC-9

209. Construction Condition + EQ (+Z) (Serviceability): 0.8 LC-2+1.0 LO-3+0.8 LC-4+0.8 LC-

6A+0.8 LC-6B+0.8 LC-6C+0.8 LC-9+0.8 LC-128,

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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108. Construction Condition + EQ (-X): -1.2 LC-1+1.2 LC-3+1.2 LC-4+1.2 LC-6A+1.2 LC-

68+1.2 LC-6C+1.0 LC-9 

109. Construction Condition + EQ (+Z): 1.2 LC-2+1 .2 LC-3+1.2 LC-4+1.2 LC-6A+1.2 LC-

6B+1.2 LC-6C+1.0 LC-9+1.2 LC-12B 

110. Construction Condition + EQ (-Z): -1 .2 LC-2+1.2 LC-3+1 .2 LC-4+1.2 LC-6A+1.2 LC-

68+1.2 LC-6C+1 .0 LC-9+1.2 LC-12A 

For check of deflection, base pressure and stability following load combination has been 

used. 

201. Operation Condition-1 (Serviceability): 1.0 LC-3+1.0 LC-4+1.0 LC-5A-t1 .0 LC-5B+ 1.0 LC-

5C+1 .0 LC-50+1.0 LC-7+1.0 LC-8+1.0 LC-9+1 .0 LC-10 

202.0peration Condltion-2 (Serviceability): 1.0 LC-3+1.0 LC-4+1.0 LC-5A+1 .0 LC-58+1.0 LC-

5C+1.0 LC-50+1.0 LC-7+1.0 LC-8+1.0 LC-9 

203. Construction Condition-1 (Empty lnt)-Serviceability: 1.0 LC-3+1 .0 LC-4+1.0 LC-5A+1 .0 LC-

58+1 .0 LC5C+1.0 LC-9+1 .0 LC-10 

204.0peration Condltion-2 (Empty lnt)-Serviceability: 1.0 LC-3+1.0 LG-4+1.0 LC-5A+1.0 LC-

58+1.0 LC-5C+1.0 LC-9 

205. Operation Condition + EQ(+X) (Serviceability): 0.8 LC-1+1.0 LC-3+0.8 LC-4+0.8 LC-5A+0.8 

LC-5B+0.8 LC-5C+0.8 LC-5D+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC-11A 

206.0peration Condition + EQ (+Z) (Serviceability): 0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-

5A+0.8 LC-5B+0.8 LC-5C+0.8 LC·5D+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC- 11 C 

207.0peration Condition + EQ (-Z) (Serviceability): -0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-

5A+0.8 LC-5B+0.8 LC-5C+0.8 LC-5D+0.8 LC-7+0.8 LC-8+0.8 LC-9+0.8 LC-11B 

208.Construction Condition+ EQ (•X) (Serviceability): -0.8 LC-1+1.0 LC-3+0.8 LC-4+0.8 LC-

6A+0.8 LC.SB+0.8 LC-6C+0.8 LC-9 

209. Construction Condition + EQ (+Z) (Serviceability): 0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-

6A+0.8 LC-6B+0.8 LC-6C+0.8 LC-9+0.8 LC-128 

Structural Design of Tunnel lntai<e-Khuranl SHP Rev- R3 
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GA+0.8 LC-6B+0.8 LC-6C+0.8 LC-9+0.8 LC-12A

210. Construction Condition + EQ(-Z) (Serviceability): -0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC-(26)
8 DESIGN CRITERIA

8.1 STRUCTURAL ANALYSISThe Intakehas been modelled in-STAAD.pro-corresponding to the-centre line dimension.
Material properties and loads have been applied accordingly. The results of Analysis have been
used to design the section,

8.2 CLEAR COVER

Clear cover to reinforcement shall be as per EM-1100-2104, for Intake being in contact with

water and atmosphere, the value ofclear cover to reinforcement hasbeen fixed as 75 mm for

pier & wall and 25 mm forslab.

8.3 ULTIMATE LIMIT STATE

The Intake has been designedfor strength for external forces such as Bending Moment (M) and
shear force based on analysis result, for calculation refer Annexure-II.

Structural Design of Tunnel {ntake-Khutani SHP. Rev- R3
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210. Construction Condition + EQ(-Z) (Serviceability): -0.8 LC-2+1.0 LC-3+0.8 LC-4+0.8 LC~ 

6A+0.8 LC-68+0.8 LC-6C+0.8 LC-9+0.8 LC-12A l ~ 
8 DESIGN CRITERIA 

8.1 STRUCTURALANALYSIS 

The Intake has been modelled in STAAD.pro corresponding to-the centre line dimension. 

Material properties and loads have been applied accordingly. The results of Analysis ha'le been 

used to design the section. 

8.2 C LEAR COVER 

Clear cover to reinforcement shall be as per EM-1100-2104, for Intake being in contact with 

water and atmosphere, the value of clear cover to reinforcement has been fixed as 75 mm for 

pier & wall and 25 mm for slab. 

8.3 ULTIMATE LIMIT STATE 

The Intake has been designed for strength for external forces such as Bending Moment (M) and 

shear force based on analysis result, for calculation refer Annexure-11. 
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Figure- 2: Isometric View of Model

Figure- 3: 3D Render View of Model
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Figure- 2: Isometric View of Model 

Figure- 3: 3D Render View of Model 
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9 RESULT OF ANALYSIS AND DESIGN

9.1 PIER AND WALL @

Pier (Zone-1) 20 125 20 125
Pier (Zone 2A) 25 125 20 125
Pier (Zone 2B) 25 125 20 125
Breast Wall 20 150 25 450
Back Wall 20 150 20 150

ND TOP SLAB/BRIDGE

aFlow
inforcement

(mm),
4 Raft 25

2___| Top Slab 16

Note: For shear Reinforcement referAnnexure-II ~ F

Structural Design of Tunnel Intake-Khutani SHP
Page 11
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9 RESULT OF ANALYSIS AND DESIGN 

9.1 PIER AND WALL 

S.f:l~- GomP.onent 

1 Pier (Zone-1) 

2 Pier (Zone 2A) 

3 Pier (Zone 2B) 

4 Breast Wall 

5 Back Wall 

9.2 RAFT ANO TOP SLAB/BRIDGE 

S.t,lo. eolnponemt 

1 Raft 

2 Top Slab 

'ilettical Reiftforcement 

-· 
!Diameter Spacing 

.(mmj (mil)} 
20 125 

25 125 

25 125 

20 150 

20 150 

Apross the Flow. 
Refn'fotcement 

Spacing 

(mm) 

25 125 

16 200 

Note: For shear Reinforcement refer Annexure-11- F 

Structural Design of Tunnel lntake-Khuranl SHP 
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Moi:izontal 
Relnfc:irc~ment 

D1ameter Spacing 

(mm) (1nm): 
20 125 

20 125 

20 125 

25 150 

20 150 

Alo)'lg the Flow 
R~lnfo,rcemerit 

16 200 
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iEe
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Figure- 4: Maximum Bearing pressure 197kN/m? < 200kNim? -OK
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@) 

Figure- 4.: Maximum Bearing pressure 197kN/m2 < 200kN/m2 -OK 
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ANNEXURE-

(Loap CALCULATION)
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{LOAD CALCULATION) 
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Khutani SHPP Project

Loads acting on the Intake structure:

Input:
Top level of Intake 800 m
Maximum Water Level (MWL) = 799.00 m
Full Reservoir level (FRL| 799.00 m

Top elevation of earth bacitill = 800 m
Bottom elevation of earth backfill= 780.40 m

Top elevation ofraft slab = 782.00 m
Bottom elevation of raft slab = 780.50 m
Bottom clevation of Breast wall = 788.50 m

Materials Properti
Gradeof concrete 25 N/mm?
Unit weight of earthfill = 2 N/m?
Unit weight of water = 9.81 kn/m?
‘Angle of internal friction of backfill soll (®) = 30 degrees
(Assumed)
SIN@= 0.50
Safe bearing capacity of soil = 200 kN /m?
Coefficient of friction between foundation and soll (}) = 0.58
Ka 0.333,
Seismic Parameter
Horizontal seismic coefficient (ah) = 0.16
Vertical seismic coefficient = 0.107

CalculationofLoads:

1 Dead Loads:
Self wt. of the structure
Calculated by software

2 Live Load:

a Point load (Dueto hoisting arrangements) = 160 kn

a Live Load Over Slab = 5 ky/m2

¢ Internal Hydrostatic (MWL):

Head = : v7 m

Structural Design of Tunnel Intake-Khutani SHP
Page 14

Rev- R3
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1 

a 

2 

a 

a 

C 

Khutani SHPP Project 

Loads acting on the Intake structure: 

Input: 

Top level of Intake 

Maximum Water Level (MWL) = 
Full Reservoir level (FRL) = 

Top elevation of earth backfill= 

Bottom elevation of earth backfill = 

Top elevation of raft slab= 

Bottom elevation of raft slab = 

Bottom elevation o f Breast wall a 

Materials Properties: 

Grade of concrete= 

Unit weight of earthfill = 

Unit weight of water= 

Angle of internal friction of backfill soil (<!>) = 

(Assumed) 

SIN <I>= 

Safe bearing capacity of soil = 
Coefficient of friction between foundation and soil (µ) = 
Ka 

Seismic Parameters: 

Horizontal seismic coefficient (ah)= 

Vertical seismic coefficient= 

Calculation of Loads: 

Dead Loads: 

Sel f wt. of the structure 

Calculated by software 

live Load: 

Point load (Due to hoisting arrangements)= 

Live Load Over Slab = 

Internal !:!~~tostatlc jMWL): 

Head= 

Structural Design of Tunnel lntake-Khutanl SHI' 
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800 

799.00 

799.00 

800 

780.40 

782.00 

780.50 

788.50 

25 

22 
9.81 

30 

0.50 

200 

o.ss 
0.333 

0.16 

0.107 

160 

s 

17 

m 

m 

m 

m 

m 

m 

m 

m 

N/mm' 

kN/m' 

kN/m' 

degrees 

kN/m' 

kN 

kN/m2 

m 
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Hydrostatic (MWL) = 166.77 ‘KN/m?* 2pe
d_ External Hydrostatic (MWL):

Head = 0 m

Water pressure = ° kN/m?

fe Weight of water (MWL):

Head v7 m

Maximum Water pressure = 166.770 kN/m?

Uplift pressure (FRL):

Water head = 18.5 m

Uplift pressure = 181.49 kfm?

& Water Pressure on Breast Wall:
Water hea 10.8 m

Hydrostatic Pressure = 103.01 N/m?

h

196 m
Soll Pressure = 103.73 kN/m?

External soil Pressure on Back wall:
Height= 0 m

Hydrostatic Pressure = 0.00 N/m?
4. Seismic Load:

From Staad-
a. Seismic x Pro itself

From Staad-
b Seismic z Pro itself

¢ Hydrodynamic x (FRI): Refer Hydrodynamic pressure sheet

d- HydrodynamicZ(FRL): Refer Hydrodynamic pressure sheet

¥ Hydrodynamic -2 (FRL): Refer Hydrodynamic pressure sheet

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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Hydrostatic (MWL) = 

d External Hydrostatic (MWL): 

Head e 

Water pressure = 

e Weight of water (MWL): 

Head= 

Maximum Water pressure= 

f Uplift pressure (FRL): 

Water head= 

Uplift pressure = 

g Water Pressure on Breast Wall: 

Water head = 

Hydrostatic Pressure = 

h External soil Pressure on intake wall: 

Height= 

Soil Pressure = 

External soil Pressure on Back wall: 

Height= 

Hydrostatic Pressure = 

4 Seismic Loads: 
From Staad-

a Seismic X Pro itself 

From Staad-
b Seismic Z Pro itself 

166.77 

0 

0 

17 

166.770 

18.5 

181.49 

10.5 

103.01 

19.6 

143.73 

0 

0.00 

c Hydrodynamic X (FRL): Refer Hydrodynamic pressure sheet 

d Hydrodynamic Z (FRL): Refer Hydrodynamic pressure sheet 

f Hydrodynamic -2 (FRL): Refer Hydrodynamic pressure sheet 

kN/m2 

m 

kN/m' 

m 

kN/m2 

m 

kN/m2 

m 

kN/m2 

m 

kN/m2 

m 

kN/m2 
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Calculation of Hydrodynamic Pressure:

Input:
Design horizontal coefficient (ah)
= 0.16
Unit weight of water (w)

9.81. kNim#
Depth of reservoir (h) =

‘The Hydrodynamic Pressure

P= Csa,wh y Design Horizontal Seismic Coefficient
\W Unit weight of water kNim?
h depth of reservoir.m

‘The Coefficient varies with shape and depth

Cul x(x). [o> _))]
Sm Coeticient Catcutated trom Fig:10CyB fo-2), efo-¥ 1893-1,-5e[2 (2-2), Bfe-2))] “Seatemncas

* yy Depth of water from surface of reservoir

Hydrodynamic pressure at #Z,_Z & (Case-13, 14 & 15 in the
1 direction : STAAD.Pro)

Top
EL = 799 om

Bot.
EL 782m
h 17 om RL
w 9.81. kNim?

mn 0.75

a 0.46

Slo,|Element|Depth from
% Hydrodynamica Height Surface .y ° pressure

i 0 0 (0.00 (0.00
2 1.95 1.95 0.26 6.82
3 1.95 39 0.39 10.44
4 1.95 5.85 0.50 13.26
5 1.95 78 0.58 15.49
6 4.95 9.75 0.65 47.24
7 41.95 147 0.69 18.54
a 1.95 13.65 0.73 19.43
8 1.95 15.6 0.75 19.91
10 1.95 17.55 0.75 20.00)
14 1.95 19.5 0.74 19.69

Structural Design of Tunnel Intake-Khutant SHP Rev- RB
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Calculatlon of Hydrodynamic Pressure: 

Input: 
Design horizontal coetnclent{ah) 
= 0.16 
Unit weight of water (w) 
= 9.81 kNim' 
Depth of reservoir (h) = 

The Hydrodynamic Pressur.e 

IP = C s a h wh I o. Design Horizoolal Seismic eoemcrent 
w unit weight or water kNim' 
h depth or reservoir,m 

Tile Coefficient varies with slmM and depth 

C•(>'( JI) \I( y)J C,,, Coeffidenl -ca1curated from Fig:10 
Cs•- - 2-- + .:c,. 2-- ons:1893-1984 

2 Ii h ' h· h . . y Depth of vr.i\er from surface or reservoir 

Hydrodynamic pressure at +2, _2 & -X- (Case-13, 14 & 15 in the 
1 direction : STAAD.Pro) 

Top 
El. = 799 m 

Bot. 
El. = 782 m 
h = 17 m FRL 
w = 9.81 kN/m3 

Cm = 0.75 

Oh = 0.16 

SI.No. Element Depth from c. Hydrodynamic 
Height Surface ,y pressure 

1 0 0 0 .00 0.00 
2 1.95 1.95 0.26 6.82 
3 1.95 3.9 0.39 10.44 
4 1.95 5.85 0.50 13.26 
5 1.95 7.8 0.58 15.49 
6 1.95 9.75 0.65 17.24 
7 1.95 11 .7 0.69 18.54 
8 1.95 13.65 0,73 19.43 
9 1.95 15.6 0,75 19.91 
10 1.95 17.55 0.75 20.00 
11 1.95 19.5 0.74 19.69 
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Calculation of Dynamic Increment é4)£5
1 Input:

As per IS:1893-1988 (part-
1)

Top level of concrete = 800.00 m
Finished level of raft = 782.50 m
Bottom level of
raft = 780.00 m
El, ofearth reatined = 800.00

Helght of wall (Height of Earth to be 4750 om
retained)
Horizontal seismic coefficient, ah = 0.16
Vertical seismic coefficient, av = 0.11

Dry Unit weight ofsoil = 18 kN/m?

Sat. Unit weight of soil = 22° KN/m3

Unit weightof water = 9.81 N/m?
Submerged unit weight,
sub = 12.19 kN/m?
Angle of Internal friction,
o= 30 degree
Angle which earth face of the wall makes
with the vertical, a= 0 degree

Slopeof earthfill, t
i 0 degree
Angle offriction between wall and
earthfill, 6 =

20.00 degree

ah/(1+0v) = 0.145
ah/(1-av) a oda
A= tan*ay/1+a) = 8.227
A= tan (ay/1-ay) = Prete

Dynamic Earth Pressure:
The pressure from earth fill behind concrete lining during an earthquake
shall be as givenin |S 1893-1984, Clause 8.1.1 to 8.1.4. In the analysis,
cohesion has been neglected.

Active Pressure due to Earth fill under Seismic
condition is given as,

Structural Design of Tunnel Intake-Khutant SHP Rev-R3
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Calculation of Dynamic Increment 

1 Input: 
As per 15:1893-1988 (part-
1) 
Top level of concrete = 

Finished level of raft= 
Bottom level of 
raft= 

El. of earth reatined = 

Height of wall (Height of Earth to be 
ret ained) 

Horizont al seismic coefficient., ah = 

Vertical seismic coefficient, av = 

Dry Unit weight of soil = 

Sat. Unit weight of soil = 

Unit weight of water = 
Submerged unit weight, 

Viub = 
Angle of Internal friction, 
<I> = 

Angle which earth face of the wall makes 
with the vertical, a = 

Slope of earthfil l, t 

= 
Angle of friction between wall and 
earthfil I, 6 = 

(lh/(l+(lV) = 

(lh/(1-(lV) 

A= t an·1(cx11/l+cxv) 

A= tan·1(a11/l-(lv) 

Dynamic Earth Pressure: 

= 

= 

= 

800.00 m 

782.50 m 

780.00 m 

800.00 

17.50 m 

0.16 

0.11 

18 kN/m3 

22 kN/m3 

9.81 kN/m3 

12.19 kN/m3 

30 degree 

0 degree 

0 degree 

20.00 degree 

0.145 

0.179 

8.227 

10.154 

The pressure from earth fill behind concrete lining during an earthquake 
shall be as given in IS 1893-1984, Clause 8.1.1 to 8.1.4. In the analysis, 
cohesion has been neglected. 

Active Pressure due to Earth fil l under Seismic 
condition is given as, 
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Co)
Ca*y* H?

2 Calculation of Dynamic Coefficient (Ca):

Whenavch and A

Page 18

=0,
angle(®-A-a) 21.77 30.00 degree
angle(5+a+A) 28.23 20.00 degree
angle(®+8) 50.00 50,00 degree
angle(-t-A) 21.77 30.00 degree
angle(a-t) 0,00 0.00 degree
cos*{-)-
a) 0.86 0.75
cos(5+a+A) 0.88 0.94
sin(+5) 0.77 077
sin(®-t-A) 0.37 0.50
cos(a-t) 1.00 1.00
cos?a 1.000 2,000
cosh 0.9897 1.0000

L+oy 1.107 141
1-oy 0.893 0.89

____(i+a,)*@oe(@-=4-0) 1

y“ (©osA)* (cos (a) *(cos6+a+A)) pene +6)*(sin(® Dye
cos@—r)*cos6+a+A)

(i) Coefficient of Dynamic Increment, Ca = 0.445 0.329

_ (a)*cof(-2-0)) 1

y“ (cost) *(cos'(@))*(cosO+a+A)) *y, ee +6)*(sin@-z =AD)yva
cos@—r)*cos6+a+A)

(ii) Coefficient of Dynamic Increment, Ca = 0.359

Considering Higher value of(i) and (ii),Ca= 0.445

Structural Design of Tunnel intale-Khutani SHP Rev-R3
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w 

1Pa =~Ca *r* H 2
1 

2 Calculation of D11namic Coefficient (Ca}: 
' t 

When av,ah and A 
=O, 

angle(C!>-i'.-a) 21.77 30.00 degree 
angle(6+a+i'.) 28.23 20.00 degree 
angle(ct>+6) 50,00 50.00 degree 
angle(ct>-t -i'.) 21.77 30.00 degree 
angle(a-, ) 0.00 0.00 degree 
cos2( ct>-i'.-
ex) 0.86 0.75 

cos(6+a+i'.) 0.88 0.94 
sin(ct>+6) 0.77 0.77 
sin( ct>-t•A) 0.37 0.50 
cos(a-,) 1.00 1.00 

cos,2a 1.000 1.000 

COSA 0.9897 1.0000 

l+av 1.107 1.11 

1 - CXv 0.893 0.89 

C = (1 + a,.) *(cos2 (<D-,i, - a)) * ( I 
)2 

• (cosA.) * (cos2 (a))* (cos(o +a+ A)) 1 + (sin(<P + o) * (sin(<D-i- -A.))y12 

cos(a -i') * cos(o +a+ A) 

(i) Coefficient of Dynamic Increment, Ca = 0.445 0.329 

_ (1-aJ*(cod(<D-,t-a)) * 1 )2 
c. - (coSA.) *(coi(a))*(cosi +a+ )..)) \ +(sin((J) +o) *(sin(<l> -i--)..))y12 

cos(a-,) *cos(o +a+)..) 

{II} Coefficient of Dynamic Increment, Ca= 0.359 

Considering Higher value of {i) and (ii), Ca= 0.445 
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TATA CONSULTING ENGINEERS LIMITED SEKHUTANI POWERTATA

For ay anand A=0 ,we get Ca as 0.329
0.116

Total Pressure at base, pa (Dynamic) = 266.65

| P, (Submergetl=C,,*7,,,*H +7, *H|

Total Pressure Intensity,
Pa= 2333.19

L
2Pa =—CayHzen

Total Pressure at base, pa (Static) = 241.86

Total Pressure Intensity,
Pa= 2116.32

Dynamic Increment = 216.88

3 Point of application: (Clause 8.1.1.2, 15: 1893-1984)
Dynamic Increment acts at H/2from Base i.e, 875

KN/m*

N/m

KN/m*

KN/m

kN/m

m

(“36
Dynamic Earth
Pressure forCa 0.445

Static Earth
Pressure forCa 0.329

24.79 kN/m*

Structural Design of Tunnel Intakee-Khutani SHP
Page 19
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TATA CONSULTING ENGINEERS LIMITED ~KHUTANI PO\VER -
For av,ah and A =0 ,we get Ca as 0.329 <s( 

0.116 

Dynamic Earth 
Tata/ Pressure at base, pa (Dynamic)= 266.65 kN/m' Pressure for Ca 0.445 

= 

IP a (Sub,nergerj= c a * Yslfb * H + Yw * HI 
Total Pressure Intensity, 
Pa= 2333.19 kN/m 

1Pa - ~ Ca yH 
2

1 

Static Earth 
Pressure for Ca 0.329 

Total Pressure at base, pa (Static) = 241.86 kN/m' = 

Total Pressure Intensity, 
Pa = 2116.32 kN/m 

Dynamic Increment = 216.88 kN/m 24.79 kN/m' 

3 Point of aQQlicatlon: (Clouse 8.1.1.2, IS: 1893-1084) 

Dynamic Increment acts a t H/2 from Base i.e. 8,75 m 

Structural Design of Tunnel lntal<e-Khutani SHP Rev- R3 
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y
)

y)

ANNEXURE-IL

(STRUCTURAL DESIGN-REINFORCEMENT CALCULATION OF INTAKE COMPONENT)

Structural Design of Tunnel Intake-Khutani SHP. Rev- R38
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(fJJ 

ANN EXURE-11 

(STRUCTURAL DESIGN-REINFORCEMENT CALCULATION OF INTAKE COMPONENT) 

Structural Design of Tunnel lntakc-l<hutani $H P Rev- R3 
Page20 

540



KHUTANI POWER

és)

Structural Design of Tunnel Intake-Khutant SHP Rev- R3

G 
TATA TA.TA CONSULTING ENGINEERS LIMITE,D ~ KHUTAN1 POWER 

Figure- 5: Pier Zoning for Reinforcement Calculations 
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4 A. BENDING MOMENT FOR PIER FOR ZONE~1 IN X & Y DIRECTION:

maa u ipa favocr

Sv
rs harZs (O0CONSTRUGTON CORON EOD nea? Taner [otefa aaa entZu losoperarion compton reorea)"|aos [-oams_[-aree [are|at earisi|205_[rbconsTevcron cononion eazy|oss] ar [eer taste|ae Senar ais osbpesanon conotron ae)1aeons Ta | atau oa [os OPERATEN Conan Earog —1—aor— [aes [tae [aso [ae anin| 4a Inigomuon Gonorion eocay esi

—[
oases [pane gate soos OPMTON CONTIN FESTA aoa [or|gee aneHiner {zr lr oPetario consign east

—[
gon

—[
“eT tor-|oee | Staic e721 Gone Ruste Conaricn = e67=- {ao —[-ozie- oars {te arfin sa)| 0 [lof oration coupon e0-2|~osos—[-aaaa_[ are Lonsre|sr rateTah 00s oremaron CONST ONS Eo toa [-oaer bast taaer aeiat|<r rnp cousTRUGriN Constanta|nat ase [name [oan [20 8tect] 2400s Seesaw coupriotseaTea) [ae|ar [nar|ova|tn ateEwe BeesonRucrin Compton ea{—aee Taiyou [Sure —aate 5hart 110 —[os ConataucronconorenEa a)|aaa? —L-aau|ma Lome [a aiaHints 258 [npepweTaueren Couamion ean|“at [aoe|Sue [pee Taos ar

Figure- 6: Maximum Bending Moment (My)
Pier- Zone-1 Pier- Zone-1

Figure- 8: Shear Force (Sa) in Figure- 9: Shear Force (SoX)in
Pier- Zone-1 Pier- Zone-1

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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A B ENDING MOMENT FOR PIER FOR ZONE 1 IN X & Y DIRECTION· -
PIER •• 

;Stfni: t(oc;al 
,p1ate r.1c: SQX•UPa 

M;ix.Qx 216 , .. STRUCTION CONDITION+ EO t._.z o.~82 
""'°" ?536 1060PERATIONCONOITION 4' EOU•ZJ -0.!03 
Mai,: 2436 110 CO,.:STRUCTION CONOt N + ea,.z, 0.00 
Min 2•:J<l 106 OPERATION CONDITION + 1:.Q ,.a.z, -0.018 
Mait.Sx 243 105 Of'EAATION CONDITION,.. "E.01•X1 -0.077 
MlnSx ... 110 CONSTRUCTION CONOO()N + E0(-2\ 0.3 1 
M&XS "'" 106 0 T~ CONOiTION + ... -0:01~ 

""' 25,t7 107 OPERATl()N CONDTION ,. EO •.ZJ 0,004 
MDKS ,.,. t 10 CONSTRUCno« CCNDITION + EQ 0.028 
Min 2538 106 OPERATOO CONCfTION • :)l+Z\ ...... -' 2539 106 OPERATION CONOO'K>N • E0 u·Z -0~2S 
Min MK .. , 11000NSTRUCTION CONOrTION +- EQ 1~1 0.-'21 
M 2436 . 10BOPeRATl0N CONDO't:lN + EO ,.,7\ .0.016 
Min Mu 2'36 110 CONSTRUCTION CONDITION • EQ t.z 0 ,03 

M.1KM 116 109CONSTRt1CTIONCONDITION• E:Qt+71 -0.027 
MinM"' 2513 110 CO.~TRtJCTICN C0NOl1'ION + E0 1,z1 " I 

Figure- 6: Maximum Bending Moment (My) 
Pier- Zone-1 

,., ., 
"' {: •~,.-i 

Figure- 8: Shear Force (Sa Y) in 
Pier- Zone-1 

Structural Design of Tunnel lntake-Khurant SHP 

• MMARYlJ1 
M.11.nb.f'Mll,tLOCQf\\" a,ntl lii11•Mo1nen1 t::ocflll'' .. 

SQYMP8 
.0.088 
o.2aa 
0.437 
.0.4 

-0,C,U 
M06 
-0.058 

0.1 
0.016 
0 .285 
0,069 
.0.055 

.0.4 
0.437 
0.034 
.o:c-02 

SX1MP~ -SY,M.Po' SXYIIIP.i MXkN,m/111 lli'l'i kft.1t1lm uxv~kw-mrm 
0,169 ... , ...... 413.6\6 Ml.235 134.5 
n.11.t .0,.574 .().g.1-7 ~05-72,4 167.57!:I ~2.47 
-0,007 -0..616 0078 ....... -7-:19.fffl -56.935 
-0.C07 0,105 -0.058 21U6 4-45. 11 1 'rt.503 
1.26 -OA39 .0.302 7<1Jl59 12,171 ..S9.101 

.0.$04 .1),002 0.014 -200.6~ ·10.704 s1.,.aag 
0.175 0.-597 -O.G!l6 23.739 43.725 -61.7 
0.07 ·0.654 .0.007 -37,197 -48.578 · 12.857 

0.092 .o. 126 0,656 ·197.766 •217.26 \ 18.546 
Q.714 -0.574 ,(l..947 1.~.nc 157.579 -62.47 
0.481 .0.333 -0.-'54 ·•~ 147,26 29.471 
.0.934 ..(l,000 0,0$2 ... , ,29.165 10,087 
-0.007 0.105 -0.006 2!}.16 .. , 77.5n3 
.(l,007 .0.015 0,076 ..t.0,696 •130 ~o.m 
0.022 .0.005 -0.()43 . 2fl6,Glti -92.321 2:37.429 
.0.314 -0.0-44 0.18S -100.647 -'2.851 -162, 718 

Figure- 7: Maximum Bending Moment (Mx) 
Pier- Zone-1 

Figure- 9: Shear Force (SaX) in 
Pier- Zone-1 
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DESIGN OF PIER (ZONE~1) FOR BENDING MOMENT IN Y DIRECTION (VERTICAL):

input Form STAAD FILE

Yo
[Maximum Bering momenti ¥arecton 730 Nm
[Bending moment in maximum area of lor 730 KN

lpesign
Fy Ninmé
rex ‘Nin|ear Cover 76 mm
Diameter ofbar 2 mm

ath 1000 am
[Tlcknoss ofplor 1000 mm
lttectva depth 915, mm
[Design tment Ms 720 KNmin
have os7
lpeRequred P2+($i5) (1 -Vi~ 4598 Ryret) 021 %

last Required 1914 ox
ISpacing required using @20 164 mm
ISpacing Provided 128 mm

Provided 2513 mm
Mrimum relnorcoment @ 0.12% of cross 1098, mm2

2513

Provided vertical reinforcement 920 @ 125 mmcle spacing

DESIGN OF PIER (ZONE~1) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL):

input from STAAD FILE
Waximum Bending momentin X lreton ear Nevin
[Bending moment in maxieum area of ar 687 KN

Design
Fy 500mm?
Fx 2 Nim
[cear Cover 15 =m
Biamster of nee 2 mm
wet 000mmIThiceness of por ‘000 mm
[Etotve depth 916 mm
[Design Momont na es7KSmim

rae 082
binoqied re(SA)(1-Vi-asvaxnyret) 00
}stRequres 1798 ok
sacs reaieedusng 020 75mm
Wrinum roorcomant @ 0.12% of rose scton ares 1008
bis otter 5 mm
ISpecha mmain 3 res,
PctAt proved oes mma

OK
Provided Horizontal reinforcement 920 @ 125 mmele spacing

Structural Design of Tunnel Intalee-Xhutani SHP
Page 23
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DESIGN OF PIER (ZONE-1) FOR BENDING MOMENT IN Y DIRECTION (VERTICAL): 

Input from ST AN) FILE 
rv1axlmt1n Sending moment fl Y dlrecilcn 
8Qtldlng mcmont In rnaxi'num area of p!8!' 

Oostgn 
Fy 
l•ck 

k:tear Cover 
Dwmo10rotoor 
!width 
Thlclo'\css or p!or 
Efloctivo dopth 
Deal~ Momeni M,i 
MJ/b'd'2 

Pt Reqvlrecl Pt•(:Xti,,)(.1-..fi. - 4.S98xR/Fch) 

Ast Required 
Spacing required using q,20 
Spoclng Provided 
lei.st Provided 
Mnlmum relnforeomont@ 0.12% ~ cross section wea 

730 
730 

500 

25 

75 
:io 
,rm 
1000 
915 
730 
0 .87 

0.21 

1914 
164 
125 
2513 
1098 
2513 

Provided vertical reinforcement q,20@ 12.5 mn clc 11paclnn 

KN-m/m 
KN-m/m 

Nfmm2 

Ntmmz 

mm 
mm 
mm 
mm 
mm 

KN-m!m 

% 

OK 
mm 
mm 
mm 
mm2 

DESIGN OF PIER (ZONE-1) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL): 

nput from ST ANJ FlLE 
Mnximum Bonding moment In X direction 
Bending moment in max.mum area of p;er 

Design 
Fy 
FcX 

Clear cover 
Oiame!er of bar 
Width 
Thickness or p!er­
Effoctlvo ooplh 
Deslgn Moment MA 
lv\llb'd'2 

Pl Requi!e,l Pl•(::;,) (1--{i - 4.598 x R/Fck) 

Ast Reqilrod 
Spacing req~ed using r;-20 

1\4lnimum reinforcement @0.12% of cross sectlon area 
Dia of bar 
Spacing 
fi\lo ofbarln 1 m 
!Actual Ast provided 

61)(} 

25 

75 
w· 

1000 
100() 

915 
687 
0.82 

0.20 

1796 
175 

1098 
25 
125 
8 

3925 
OK 

K»-mlm 
Kl<l-mlm 

Nlmm2 

Nlmm2 

mm 
mm 
mm 
mm 
mm 

KN--mlm 

OK 
mm 

mm 
mm 
nos. 
mm2 

Provided Horizontal reinforcement {f)20 @125 mmc/e spacing 

Structural Design of Tunnel lntalcc,Khutani $HP Rev• R3 
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BENDING MOMENT FOR PIER FOR ZONE-2A IN X & Y DIRECTION:rrran Sw idis| ten sh (Cocai) “Membrane (Local) Banding aEaae tare ea yeenteceaa1Seeeeaenase ma|eet ta Hasta Saeefe |e eeeert coerer sea Se ate oe eea cena ase et ae oa re ee —eet reer ae ae at a aa esser ap oscremsreNeee Een— (te Steer — rae eee eet taefee} fceerencooren sacs teee aeeeSeeae art Set eet et oe a aepoeereENCES ES[aes oe ot ae reaesee ee eemeeeLeoeeeeatertSis at Fae aeaee aeeSareeaer ee eae ae aeSeet eee ae oa ee ae —Fives iarcoesro ssn Segerotet eaa aaeaeet eel See ost Sa sa a a ee

Figure- 10: Maximum Bending Moment (My)
Pier- Zone-2A

Figure- 11: Maximum Bending Moment (Mx)
Pier- Zone-2A

Figure- 12: Shear Force (SaY)in
Pier- Zone-2A

Figure- 13: Shear Force (SaX) in
Pier- Zone-2A

Structural Design of Tunnel Intalee-Khutani SHP Rev- R3
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B. BENDING MOMENT FOR PIER FOR ZONE•2A IN X & Y DIRECTION: 
• • 

P.IER ZONE•2A,'.'lST.RE-SS·SUMM'AAY' .. 
She_ai'"ll:.o<:al\ Nirri.bc:"in.e<'ILocal\ Bondin Mome.ot:(lloc.all 

'·PIMe . Uc . - '>SOX ·SQY. S'i•,MPA ~sv MP':i' -sx,v ..MXlkN .. •MY•kN~ MXY.-kN-ml m 
M~XQll 165 107 OPERATION CONDrrK>N + EQ),.zY 0.805 
Min Ox 182 109 CONSTRUCTION CONDITION+ EQ 1+2\ -0,924 
Max a'"';; 182 109CONSTRU 111N CONDITION+ EO t♦t\ -0.924 
,-. a;; 182 107 OPERATK>N CONDITION + EQ -Z 0.1a.4 
Ma.KSX !65 105 OPERATION CONOJflON + ea +X 0.253 
Min-&); ,01 108-0PERATION C(lC,IOrrin·N + EO •Z - 0.-083 
Max 182 1050P TIOhl CONDftlO~ • En +X o.2i8 
Min .,..;· 496 109 CONSTRUCTION CONDl 'l"ION • EQ 1+7\ -0.123 
f.!;))(s= ·457 110 CONSTRUCTION CONDITION + EO l -Z\ -0.029 
Mfn~ 18' 107 OPERA.Tl c0111"1Y"X>N • Ea 1 .z' -0,784 
t,WMx 162 109 CONSTRUCTION CONDITK>N + EQ t+z,· -0.924 
MlnM)( 182 '107 OPE T tON CONOrflON. Ea ,.z, 0.784 
Maxt;"'iu 182 109CONSTRUCTION CONDffK)N • ea 1..-Z\ -0.924 
Mlnt.t' iT2 tot OPC~ATION CONOITION + eot -z 0.784 
MaxM ... ; 185 109 CONSTRUCTtON CONDITION + ea·,,._-7\ 0 .117 
Min 186 107 OPERATION CONOITIQ-\l + ea ,.z\ -0.136 

...... ~ ,. 
' •• 

•;': ·~ •1,., :, .. 
0 <N 

~ a: 
~ ~. 
I!!:: •,~ 
■;,_ 

Figure- 10: Maximum Bending Moment (My) 
Pier- Zone-2A 

Figure- 12: Shear Force (SaY) in 
Pier• Zone-2A 
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-0.434 1;45~ 1.035 -1.469 - 1263 -2816.5 57.003 
1.Wl 0.201 0.119 -0.251 2127.2 4028.35 368.726 
1.266 0.201 0J 19 -0.251 2 127.2 4028.35 368.726 

-1.107 1,378 2.17 -1.89 •1713-.4 --3482.9 -125.243 
•0.165 1.469 1.226 -1.321 -349 -647.59 -21.101 
0.177 ·0.645 1.077 -0.701 -143.462 1107.65 •<171.047 

-0.389 1.437 2.355 ·1,72 -508.06 ·905.6 -101.~03 
-0.025 0,795 -0.897 -0.564 55,762 736.01 -G0.8◄4 
-0.084 0.128 -0.08 0.254 -379.28 -225.15 296.885 
-1.107 l .376 2. '17 -1.89 -1713.4 -3482.9 -125.243 
1 .268 0.201 0,119 -0.251 2127 4028.35 368,726 

•1.107 1.376 2.17 -1.89 -1713 -3482.9 -125.243 
1.268 0.201 0.119 -0.251 2127,2 4028 368.726 

-t.107 1.376 2.17 ·1,89 -1713 . .C .3433 -125.243 
0.647 -0.026 -0.106 -0.14 1599.28 2019.21 878.8 12 
-0.518 0,053 1,582 -0.599 -1193 ·1615.2 -618.668 

.. .,,:' . ..... 
~ • 
' .. 
• 
~ t 
I!;~ •1 .. , , .. 

••l'l't' 

Figure- 11 : Maximum Bending Moment (Mx} 
Pier- Zone-2A 

Figure- 13: Shear Force (SaX) in 
Pier- Zone-2A 
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STATA TATA CONSULTING ENGINEERS LIMITED 3EKHUTANI POWER

DESIGN OF PIER (ZONE-ZA) FOR BENDING MOMENT IN Y DIRECTION (VERTICAL): Us
[nut ort STARD FILE
Itximum Bening moment in ceston 4008 Xen
[Sending romin msm of por 300 KX
estan
Fy 0re 2 =

Icear cover 5 wm
loamerer of var 2% mmbt 1000 mm

Frickness of pier 2000 mm

Efecto dnth 9125 tm
[Design omenMu 3100 Kemi
lwarvar2 025
lptReaued pF)(4—vi—

4590
R/ Fa

020
fstreguad™™ (ss) C—vT=4550 1/re) tnLaver-4
liameter of ar 25 om
[spacing of bar 125 ™

loved Reinforcement seer sr
IMinieum ronforcoment @ 0.12% of ers section 8 2208 m2
Provided vertical reinforcement 925 @ 125mm cle spacing

DESIGN OF PIER (ZONE-2A) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL):

{aput fom STAAD FILE
imum Bending moment in Xction 72 Kimi

Bending moment in maximum area of per 20000 KNemim

Ivaximum bending moment in X rection fs occured at poet on the comer,
for resist his moment exra oblique bar fs provided atthe comer, however pier
Is dosigned for averago maximum boncing momentin pie 0 2000 KN-mvn

(posign
Fy 00 Nim?
ek 2 Nm?
Ictear Cover 5 mm
[Diameter of bar 0 om
hath 1000 mm
[Thickness of pier 200mm[eect depth 115mm
Design Nomen Ms 2000 Kiki
Iuerare 055

Iptroqures Peo) (1 vi - 4500 R/Fe) 013
[Toll Ast Requicd 2484 ox.

woot Layer 2
paca equredusleg 20 tar mm

Itcemum reinorcement @ 0.12% of ross section area 2288
biactber 20 mm
ISpecing 13 mm
INootbarint m 8 ‘os.
Jctual Ast provided 2si2 mma

OK
Provided Horie 425 mele

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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DESIGN OF PIER (ZONE·2A) FOR BENDING MOMENT IN Y DIRECTION (VERTICAL): 

Input from STAAO FILE 
MoJOmum Bending moment in Y cfirec(jon SO'lS l<N~mfm 

Bending m,ment in maximum area or piM 3100 KN•mlm 

Design 
Fy 500 N/mm1 

Fd< 25 Nlmm1 

Clear Cover 15 mm 
Olame:er of bar 25 mm 
Wld lh 1000 mm 
Thickn8$S ol pier 2()1)0 mm 
l:.ffecuvo <lopth 1912.5 mm 
Cosign Moment Mu 3100 KN•mlm 
Mu/b"d"2 0.85 

Pl Reqolr.O Pt•('") (1 - ./I - 4-598 x R/fck) 0.20 
Ast Required l1<,e,y 3884 OK 

l.ayer -1 
Oi;,,mctor of bar 25 mm 
Spacing of bor 125 mm 

Pro\lided Refnforcement 3927 1T1m2 

Mlnim.Jm retnforeomont@0.12% of cross soouon area 2295 mm2 

rrovlded vertical reinforcement q,25 @.12$ mm c/c ,pacing 

DESIGN OF PIER (ZONE·2A) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL): 

Inp ut f rom ST Af,O FlLE 
Maximum Bonding moment In X dil'CCtton 
Bending moment in m(lximum ares of pier 

212·,.2-
2000.0 

lv'a)Omum bending moment In X d!rec-Uon ls occurred at point on tho corner, 
for resist thi$ mornent e.xtm obllque bat is provided at lh~ comer, tv)wEM!I' pier 
is doslg-nod for avcrago maximum bending moment in pier l.o 2000 KN-m/m 

;Dosign 
Fy 
Fck 
Clear Cover 
OA\meter of bar 
Width 
Thickness of pier 
Etrectl'le dep4.h 
o .. 1gn Momoot Ma 
M,/lb"d'2 

Pt Reqlired Pt{:t;,,) (t - li- 4.598 x R/Fck) 

Tola! Ast Required 
F'fo of Layer 
~poclr.g ,cqui..., using ~20 

Mninvm l"Qinforcement@ 0.12% of cross sectlon area 
D13 ofl,., 
Spacing 
Nootbarln 1 m 
.Aclual Ast provided 

~ 

2~ 
rs 
?.O 

1000 
2000 
1915 
2000 

0.55 

0.13 

2464 
2 

127 

2295 
20 
125 
8 

2512 

KN-,nim 
KN-m/m 

Nlmm1 

N/mtnz 
mm 
mm 
mm 
mm 
mm 

KN-m/m 

OK 

mm 

mm 
mm 
nos . 
mm2 

OK 
Provided Horizontal rolnfo-reomcnt c&20 tt;,. 125 mmc/e snacfnn 

Structural Design ofT11nncl intakc•l<h1tranl SH P Rev- R3 
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TIATA CONSULTING ENGINEERS LIMITED XEKHUTANI POWER

c. Bi MOMENT (ZONE-2B) FOR PIER AT TOP PORTION

IN
X & Y DIRECTION:

E eae STRESS SUTMRNT

rane

nar
(Coal)lana Bonding Mev oePia “SKAiea[

SY
meal ate] ane0x|36) [107 OPERATOR CONDTION EO asl ors aal-ageel ase) Taz | Sisetal 6

'Gx_| "265 [108 OPERATION CONDMION = €a.ea

—|
—aatr| —uotel Darel 0804 —aoro| -tapea[ <sree7| ar5

Gy"|1179 08 OPERATION CONDON €O 71 —[tissl Ose] —oass] az aon) soHral ao. 20.6
‘Oy|#79 jor oPeRATON CONDON: ca: 367 basal 0 onal ar7253 [10S OPERATION CONDIION + EaIsK)

—|
Boog nar 47] aes ato) arx aie :02 oP eRATGN CONDITION “0H 0 Taiss| ood —soaaal ar sz90) [107 OPERATIONCONDIION + EOE

—|
bse os] —ustel—otee| —ue 3671 rToy HOT OFERATON CONDITION <td ours. novel zal ere oo, Ti2357 OBEAATON ConoITn+ FAH nazal oral —n7sal—ase] — Za Sen

Say [ites Hog OPERATON CONDITIONS Ea ‘67 ores —osaol 097] aa 220lassie [0 [107 PeRATION CONOTTON FES ‘axzal oneal 0536]

—
a] aoa Fase] —7a.7]

iis “255 [06 OPERATION CONDTION + Eb (ez)

—[
9306] —onsa] —ostel aoa onal ez|asa] 35

say [1200102 OFERATON CONDITION? ‘ois ogs2| ool ass—a2 atInia [100 [102 OPeRATON ConoTIONS2 ial sal —aies| sca oo ra] anes
Zi 07 orenavonconpmon Cora] —|~oazal—o0isl ariel ase are 3) 27,la [sat [os OPERATION CONDTIONS Eo (ez)|~a.s] nt oiel posal rato] Send

Figure- 14: Maximum Bending Moment (My) Figure- 15: Maximum Bending Moment (Mx)
Pier- Zone-2B Pier- Zone-28

Figure- 16: Shear Force (SaY) in Figure- 17: Shear Force (SaX) in
Pier- Zone-28 Pier- Zone-28
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C. BENDING M OMENT (ZONE·2B) FOR PIER AT TOP PORTION IN X & Y DIRECTION: , I ; 

:· - 'PJER .1ZONE,2fl fS;T R.ESS,SlJ 14MA.Q:Yl ~ - . - = -
.e. -· c--~ .. IJC 

MlxQ,t 566 {Yf OPERAIDN CONDmOH • "'0 
MnOx 266 100 OPERAOONCOtJOrTK>N• EO •"' aVOll 1\7$ 106 OPERAn'::>NCONOITlON • •"' ,.., 979 107 0PERA NCONOfOOl\l•EO -2\ -, 10S0PERATOPJC0NOIT"ON+'·Q(+X\ 
>M Sx , ... 1020PE TONCOMOIOON-2 

996 107 OPERATO N CONOJTON + 
t.lnS 1207 t01 OPER.o\TONCONO!TON-1 
M\XS 253 107 OPERA.TON CONOffON + EO • ~ 
Mn$ "'" 06OPfAATnN r.o+,mffON + EO •"' 
M lit 666 07 OPERATION COt.'OfflON ,. EO • 
MnMi< '66 106 OPERATION COWTION + EO ·" rA'lKIN 1200 1020PERA N CONOfl'ION-2 
Mn 1003 102 OPERATION CONOITIOH,2 
M'l11I, 293 107 OPERAOON COND ♦ ~Ql-,2\ 

'""' .. , 100 OP:ERATONCONDrroN+ EO +71 

...... 

Figure- 14: Maximum Bending Moment (My) 
Pier- Zone-2B 

Figure-16: Shear Force (SaY) in 
Pier- Zone-2B 
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Sh&ai"i\'J • IV !l &ntfr.an,a. fLoc11Jt Bo:ndlll MCl"l1ti1,t (l ocall 

.... 
.OATT 
0.,95 

.02 
-MOO 
.0.011 

-0.151.1 
·0.163 
0.422 
0.18 
0.322 
-0.325 
0.013 

-O.Ot3 
am 
·0.4:15 

)SQ.y,; SX•MPa ST·MP• -S•~ • 'MT'kN- ,1)1.'fl( ... 
.t).(113 0.<18 .0. .o.ooe 1342,71 S.15.612 6000 
0.015- 0A7~ -0.30-1 -0.079 ·13062 ·670.67 ~0.07!! 
0.354 OA53 -O./J9 1 -10!:l7JI -410.63 ,8!)"'-"1 

.o.'.!<17 .,,,, 4),186 ...,,. 1102, 
39~ :17.7:!S 

-0.027 1.31 .0 l).0:1<) 463.:w .g1: .,., 
00, .(),2S" -O,G.19 0.00, 40.421 072.39 ·132,029 

.(1,031 0.51 "' .0.0, 300;107 -768.93 1'17.600 
0074 .o.~$ -0.946 0. 312.979 859102 .17,13 1 
0Jl18 0.749 0 0.541 1.07 -16-1.28 •274.2•1 500£63 ., 0,320 -0..327 """ -177.17 ·= 008 
0.058 0.538 <l.1 -0.074 1G50 239,915 -79.457 
-o.o 0.516 -0.20 .0.083 -1ti02 -25.2.24 55.483 
M52 0 .,18.2 .0.56 0.25-1 493.400 .,, 

◄.389 
-0.052 0.188 .0.5'26 0.234 -470.7 -1028•, •19.000 
0.016 0.7• .0541 1,076 -163. -274.24 5'99.663 

•0.(l(lij 0.668 ...... ..... 173.142 2A:U(l4 -613.004 

Figure- 15: Maximum Bending Moment (Mx) 
Pier- Zone-2B 

.. 

Figure- 17: Shear Force (SaX) in 
Pier- Zone-2B 
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TATA ‘TATA CONSULTING ENGINEERS LIMITED SEKHUTANI Poy

DESIGN OF PIER (ZONE-2B) FOR BENDING MOMENT IN Y DIRECTION (VERTICAL):

GyInput rom STARD FILE
Maximum Bending moment ¥ decton 1028 rove
|Bending moment n maximum aaa of par 102 Koni
Ivaxirum bending moment in ¥ econ 's occrrd a plant camer, forest tis moment
Joxracbtque ar I provided at the corer, bewever pers designed for avorago maximum
[banding momentin por. 988 KN-mim

Desi
Fy 500 Neon?
Fok B Nim?

Clear Cover 15 mm
Diameter ot bar 25 mm
hia 1000 mm
Hhicness of pier 2000 mm
lective depth 9125 mm
[Design Moment ns 1026 Kamin
jrauorare 02s
Pt Requted Psu) (2 V3 — 4.598 8/Fct) oor
last Roques 1250 Not oK

pacing required using 25 a bars 105 ‘am

NMsimum renorcoment@ 0.12%of cross secton area 2298 mma
Provided vertical reinforcement 925 @ 125 mmcle spacing

DESIGN OF PIER (ZONE-2B) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL)

i em STARS CE
extnGenin meetin Xacson voeo semi
[bendng momen moxmum are of par rosa enimcm bending moma XSeti occured tot onthe comet. fr sist Ns meme
fore cain br pred at coma, wevepr desgnd iovo mamaenc momorin pre 1630.2 Kit
lesion
ry 500 ime?
\Fck eB Nimm?

[ter cover 6 mm
Esmee tor 2 tmfa 10% tocineof er 200 ™[tectve dant ‘ois tm
[oesign rear hs 4650 sehenhover as
fPeRecuies re )(1—vT— 490 Ret) om
boa Ast Recuted 22s nor ox
hoftaye 5

pacha recured sng @20 1s mm

Wrimum overcament@a.2%cteross seclonares 2280
bisortar 2 om
[oncing ia ohocfterin tm 3 fepetit et prone asia rm

oK
Provided Horizont conforcomant 20 @ 125m le spacing

Structural Design of Tunnel Intake-Khutani SHP
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DESIGN OF PIER (ZONE-2B) FOR BENDING MOMENT IN Y DIRECTION {VERTICAL): 

l~nput from ST AbO FILE 
Maximum 8cn.dl~ momont In Y direction '1026 KN-mt'm 
Bending momont In maxtmum area of pltn 1026 t<N-mlm 
_Maximum bendng moment In Y <llrectlon is occurrod at po!m on tho comer, tor ms.1st lhlS moment 
t.oxtra oblique bar Is provld8d at the comer, however pier ts designed for 8\/'0rogo maximum 
bending -moment In pier I, e 998 KN-mlm 

----------------+Des ll•~ ,n-----------------------------t-------------
~ ~ -~ 
Fck 25 N/mm2 

Clear Cover 
O?.am eter of bar 
Width 
Thickness of pier 
Effective cfe~h 
Design Moment M..i 
1
Mufb•d·"2 

rPI RequfJed Pt=(;:t~.)(1 - Ji - 4.598 x R/Fck) 

Ast Roquirea 
Spacing rtlqu!red us.ing 25 (la lk'VS 

75 
2.5 

1000 
·woo 

1912,5 
1026 
0.28 

0.07 

1250 
125 

mm 
mm 
mm 
mm 
mm 

KN,m/m 

NOT OK 
mm 

Ml"STlum reinforc:ement @0, 12% cf cross section erea 2295 mm2 
Provid ed vortical reinforcement 4>25@ 125 n,mcJc spacing 

DESIGN OF PIER (ZONE-2B) FOR BENDING MOMENT IN X DIRECTION (HORIZONTAL): 

Input from ST MO FILE 
Ma)C!mum Bencltng mo«iont In X di'ecOon 1050.3 Kfi.m/m 
Ben(fng moment in maximum area of~ IGSU.3 KN-mtm 
~~ximum heodlng momenl In X direclion is occurred at point on tho cOTner, fo< reslsi th!$ moment 
!extra obliqvc bar ts proom9d at the comer, howcwor plOf' is designed for evel'898 m.oli.lmum 
bend.rig m oment in pier l.e 1630.2 KN-mhn 

oosi9n 

~ 
Fck 

Clear Cover 
Dlsmeter of bar 
Width 
Thtcilr'l0$.$ Of J)ler 
Effectivo deplh 
Design r\OOmcnt MJ 
""1b'd'2 

Pt Roquired Pt{:.,r:7)(1-.fi - 4.S98 X R/Ft:k) 

:Total Ast Required 
~'o Oll.8)'0' 

Spacing reqU'l'(!d vs1n9 <P20 

Mn!mvm roinl'C((:emen.t@ 0.12% o! cross section area 
Dio o!btu 
Spacing 
Noof bar ln 1 m 
ktual Asl pf'O'Jided 

500 

lh 

75 
20 

1000 
2000 
1915 
1650 
0,45 

0.11 

-2024 
1 

155 

2298 
20 
125 
8 

2512 
OK 

Provided Horlzon1al rolnforeomont tf20 @ 12$ nm e/c spaclng 

Structural Design ofTunnel lntake-Khutani SH P 
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N/mm2 

Nlmm' 

mm 
mm 
mm 
mm 
mm 

KN-mlm 

NOT OK 

mm 

mm 
mm 
nos, 
mm2 
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TATA ‘FATA CONSULTING ENGINEERS LIMITED SEKHUTANI POWER

D. BENDING MOMENT FOR RAFT IN X & Y DIRECTION:

Thar (seal) Banding Mamant (Ceca

ue 8x mi HO kv] MN Oe
‘ax x|769, [108 OPERATION CONDMVON-Z oan 0019 Sasser

_|
29.655|21.698

‘Min. Gx|856 [102 OPERATION CONOITION-2 Tosa|0025, 356.034 [155.775|38996
Max gy|1206 [102 OPERATION CONDITION: 2 aor|o6s3_| 0|0 0|ing.97 —[isasas [aes.a52
‘Min y [1036 105 openaTiON CONDITION s EGeq|-ooas|-a7|0|0|0|asco _[sao.an2|5.005.
hax sx [722 [167 OPERATION CONDITION s€0°21|ooo1|Gosa|aomp|oxae|taat_| aes —[-onasy [91,758
in «| 769" 02 OPERATION CONDITION:2 ‘oan|aos|1.056|oer|0242|san6e? [29.09 [11.658

‘wax

5y
[721 05 OPERATION CONDITION + OR). ‘ono|a6t7|oasa_|-0353|0289|a17r4|20758|27657

Min 3y| 769" [302 OPERATION CONDITION-2 ani|0010|1.056|-ana7|022|a3n.667 [200s[aceTaxry|755 _|206 OPERATION CONDITION + EOC) ‘0.084|0364 [-aosa_| 2397 |_-27.537|2.900 [72.697
ain

Sy|725 107 OPERATION CONDITION +€0,-2) ‘008i [0.283|aos|2.325 [46043|-sa.209|7a.es
‘Max Me|2621 [109 ConsTRUCTION conomTioN reQ@|—o258[ asia|o [0 0 S71 [saa|65.501

in ie|869 [103 OPERATION CONDITION-2. ~oom|o.9s2[-o [9|0 575 [655.00|34278
‘Max my|3368 [10 coNstRUcTiON conovTion reGEa|-oo1e|-oss1_[—o [0|—o|—as.esa [Su_|as.7e7
‘win My [1074 [302 OPERATION cONDITION-2_ ‘925 [0.076 [0|0 [6|~sa.305_|-754_| 10.505,

[wax wy| 2471[307 OPERATION CONDMION » EAH oo[0a|0|6|0|107.305 [166.605|248,707
Nn My|2836 [205 OPERATION CONDITION + €0 ‘9409 [023 [0 [oo|209.a61 [347904 [256.05

sfa

Raft
Figure- 19: Maximum Bending Moment (Mx)

Raft

Figure- 20: ShearForce in Raft (SQY) Figure- 21: Shear Force in Raft (SQX)
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0. BENDING MOMENT FOR RAFT IN X & Y DIRECTION: 

,;shGar {1:;oc81)' • Me1ribrano, (L!ocnl) Bood.ing Mpril'enf (Loc1:1I) 

. ]'lat~ L/C s·ai,111P~ .SQY M~• sxMP" 'SvMPa j"":F-:, 
MX'}tN,m/m 

MYkN• MXYl<N ~'t<Yt,lPa 
rnl m m/m 

Mruc Qx 76$ 102 OPEAAtlON CONOm or,-2 0.411 •0,019 •1.();6 -0,141 0.242 333.662 ·29.653 •11.693 
MW> <l,< ... 102 OP£.RATfON CONOITION-2 -0.611 ~ .025 0 0 0 3S8.091! ·lSl,nS •34.996 
MallQII 1) 06 102 OPERATION CONOITION•2 -0.01 0.Mcl 0 0 0 118.97 1,94.545 165.461 
M k\ QII 1036 106 OPERATION CONDITION + EQ l♦Z'l -0.038 -0.7 0 0 0 186.007 539.822 , /:oS,685 
Mox S. 722 107 OPERATION,CONDITION ♦ EQf•Z) 0.001 0.034 0.939 0.14R •1, '141 -R~,'i -M4S7 '1.7S6 
Mil'ISX 769 1.02 OPERATION CONDfTION•2 O,,Ul -0.019 -1.056 -0,147 0.2~2 333.662 ·29".653 ·11.698 
Ma:xSv 721 lOS O?ERAl'IQN CONDITION + EQt+X) -M03 0 .017 0 .839 0.159 ,0 ,2S9 •-U.774 -26..754 27.637 
Min~ 769 102 O?ERATION CONOITION•l 0.411 ·0.019 ·LOS6 -0.147 0,242 333.662 -2.9.653 ·U658 

Max m 106 OPERATION CONQIITION • EQ (+Z) •O,OS •0.03-1 0.164 0,0'14 2,387 •27,S37 •42.929 -72.697 
MlnSti, 72') 107 OPERATION CONDITIO~ + E" 1•Z\ •0,077 0.032 0.253 o.oss ·2.326 ·46,043 •S3,209 74.36S 

·•Max Mx 2,11 109 CONSTRUCTIO.'i CONDITION• EQ{~Z) 0.2S8 0.619 0 0 0 511 S21.329 6S.S01 
MlnMx 869 102 OPERATION C0NOIT10N·2 •0,042 O.OS2 0 0 0 •575 •6SS.88 ·34,2'74 
Max Mv 2168 110CONSl RUCTfON CONDITION+ En i.zl •0,014 •O,SSl 0 0 0 4S.853 5&1 85,72.? 
tAlnMv 1071 102 OPERATION CONOITION-2 0.:119 0,076 0 0 0 ·348.303 .754 ·10,SC9 

J.,l.,axMX" 1421 i07 OPEAATION CONOO'ION • EQ. f-%1 ·0.013 •0.42 0 0 0 ·147.305 ·168.606 248.707 
MlnMlN 2416 106 OPERATION CONDlf lOH + EQlf"Z\ ·0,109 0.23 0 0 0 209.181 347.924 ·ZSG.383 

- ~ I• ~ ... 
· ••!»l.f ■-•ll . ~· ••• 11 ~ ... ••w .~ ··~ .. ... 

~ If• ;m .-:.-.. 
11·'" 0~ a:; 

.. ~():«-~r-r-~ 
o: 

A'-·._.;,:.~ g::~ ~ .. ~ ... 
, · .,:.,1t-.,-• · ·.···~·M, .. """. 

f. ~-,.,::.:::.::~, 1/iii:·4•. 
~~ ·:,, .. •:'•t··l,•;1.i- ~iil;;,tt i irn f.k 1~ •' ~,... ...... . .. .... , -;., ...... , ·, 
l!Jm ·,•• .... , •• i .. ••·• = a:• .;/· ~: "'.:: : ~-1 't :,: : I; : ) ~ : ·: ~ : : .... ; "1 ••··· i ,,,k .. . • . ' ~ .. ~ .... : .. ~. ' . , i • ;i!!<-~ :"~ :vi!:~! 
•,.1\I ,1, ·3:.·~ .ih:i;i . • I :••· . , ,;•• ~~:..;;.i; ,.,.. 

' 

-;:i ~- rl ·~ 
Figure- 18: Maximum Bending Moment (My) Figure- 19: Maximum Bending Moment (Mx) 

Raft Raft 
;;;· :i:-
■;::- -=~ .... ,,.., .... II ·-. .,., ·-··l-1• 

,, ' •• :.,,. ••m 
"•* Q'w "•* 

~ t·•:\.,-,---~ 
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Finure- 20: Shear Force in Raft ISQY) Finure- 21: Shear Force in Raft (SQX\ 
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TATA CONSULTING ENGINEERS LIMITED 3EKHUTANI POWERTATA

DESIGN OF RAFT FOR BENDING MOMENT IN Y DIRECTION (ACROSS THE FLOW): Yéfisput from STAAD FILE
IMaximum Bending moment in ¥ direction 754 Kener

Design
Fy 500 Nimm?
Fok. 25 Nimm?

(lear Cover 7 mm
Diameter of bar 25 mm

ith ‘000 mm
Thickness of raft 1200 mm
fective depth 11125 mm
Design Moment Mu ‘754 ‘KN-mim
urorar2 ost
PtRequied peel 04)(1—Vi- 4.598% A/F) 04

last Required 1604 ok
Spacing required using 25 cia bars 306 mm
Spacing Provided 125 mm
|Mnimum reinforcement @ 0.12%of cross section area 1335, mm2

Provided across theflow reinforcement 25 @ 125 mmcic spacing

DESIGN OF RAFT FOR BENDING MOMENT IN X DIRECTION (ALONG THE FLOW):

input from STAD FILE
IMaximum Bending moment in X direction 575 KNemim

Design
Fy 500 Nimm?
Fok 28 Nim?

iClear Cover 1% mm
Diameter of bar 20 mm

ith 1000 mm
[Thickness of raft 1200 mm
[Effective depth 115 mm
[Design Mament My 575 KNemim
Murer, 048
Preoquires P(t) (A—VE- 4590 x R/Fet) ont

|Ast required 1212 NOT OK
[Spacing required using 20 dia bars 259 mm

Mtnimum reinforcement @ 0.12% of crass section area 1998 mma,
pia 20 mm
[Spacing 160 mm
INo of bar in 11m es7 os.
[Actual Ast provided 2093 mma

OK
Provided along the flow reinforcement @20 @ 150 mmele spacing

Structural Design of Tunnel Intake-Khutani SHP
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DESIGN OF RAFT FOR B ENDING MOMENT IN Y DIRECTION (ACROSS THE FLOW): 

Input from ST AAD FILE 

Maximum Bending moment in Y direction 754 KN-rnlrn 

Design 

Fy 500 Nlmm2 

Fck 25 Nlmm2 

Clear Cover 75 mm 
Diameter of bar 25 mm 
Width 1000 mm 
Thickness of raft 1200 mm 
Effective depth 1112.5 mm 
Design Moment MJ 754 KN-m/m 
Mu/b'd"2 0.61 

Pt Required Pt=(::F:)(1 -.,/J. - 4.598 X R/Fck) 0.14 

Ast Required 1604 OK 
Spacing require<:I using 25 dia bars 306 mm 
Spacing Provided 125 mm 
Mnimum rcinforccment@0.12% of cross section area 1335 mm2 

Provided across the flow reinforcement q,25@ 125 mm c/c spacing 

DESIGN OF RAFT FOR BENDING MOMENT 1N X DIRECTION (ALONG THE FLOW): 

Input fTom ST AAD FILC 
Wrucimum Bending moment in X direction 

Design 

Fy 
Fck 

Clear Cover 
Diameter of bar 
Width 
Thickness of raft 
Effective depth 
Design lll<>ment lv\J 
ll,J/b'd'2 

Pt roqulre<I Pt:((,;;:,) (1 - Ft - 4.598 x R/l'cic) 

'Ast required 
Spacing required using 20 dia bars 

Mnimum reinforcement@0.12% of cross section area 
Dia 
Sp•cing 
Noof bartn 1 m 
/\ctual Ast provided 

575 

500 
25 

75 
20 

1000 
1200 
1115 
575 

0.46 

0.11 

1212 
259 

1338 
20 
150 
6.67 
2093 
OK 

KN-m/m 

Nfmm2 

Nlmm2 

mm 
mm 
mm 
mm 
mm 

KN-m/m 

NOT OK 
mm 

mm2 
mm 
mm 
nos. 
mm2 

Provldod along the flow rolnforcement q,20@ 150 mm c/c spacing 
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aTATA TATA CONSULTING ENGINEERS LIMITED XEKHUTANI Pow!

E. BENDING MOMENT FOR BREAST WALL IN X & Y DIRECTION:

ne a ‘Shear Local) Banding Moment (cecal)
Plate TG. "SQX MBS|SOY|MXN.|MV sae [WY Ha]

HaxOx

|”
2061__| 105 OPERATON CONDITION £0 0361_| 0007|-66688|67.955|-30.08

‘Nin x[2054” [105 OPERATION CONDITION + EQ(+X) i361|0.009|69.063 [87.572|26.847
Max Oy [1739 107 OPERATION CONMTION'+ EG (2) ‘02a [0697|-105 505 |-352.997| -59.936
in Gy|1605 [108 OPERATION CONDITION EO (+2) 0048 [0.705] 96.438 [378.449] 43711
Maxx|2074 [108 OPERATION CONDITION + £0 (+2) <0oat [0.51|29.735|40355|92505
‘in $x|2081 [109 CONSTRUCTION CONOTTON + EQ GZ 004s [oarr| 46.302 _|-26.165.| 1.61
Max Sy|1780_|102 OPERATION CONDON? 010 [0.032]

—
sor [172.333 3.103

in

Sy'|
feo 108 CONSTRUCTION CONDITIONS EO G2 0.185 [0.206] 78.287|36.868 [26.097

ax Sxy|_1731 [108 OPERATION CONDON + EO [+2) ‘ort |-0239|20.si6|14ae4|73.972in Sxy 1808 [107 OPERATION CONDITION FEO ( 007s [0893] 24749|79.379|25915
Wax Mic |1774 105 OPERATION CONDITION EQKFXY 0.060 [0086 [asa|rea 06|32.335
Mn Wie|1789167 OPERATION CONDITION EQ (2) (0.023 [0897|10s [352.397] -60.956
Taxi] 1780 [701 OPERATION CONDITION! 70.038 |-0.088| e174 as|11.548
in iy|1868" [106 OPERATION CONDITION + EQ G2) =o088[-0.706|o5.435 [are|sariiex Niey| 1783 [101 OPERATION CONDITIONS 1006 |-0.107| 225081|171.88|200425
Nin iy|1742" [107 OPERATION CONDMON =o.004 [0.8 [475.602|346.208 |-200.417

a

:
: |

Figure- 22: Maximum Bending Moment (My) Figure- 23: Maximum Bending Moment (Mx)
Breast Wall Breast Wall

¥
Figure- 24: Shear Force in Breast Wall (SQY) Figure- 25: Shear Force in Breast Wall (SQX)
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E BENDING MOMENT FOR BREAST WALL IN X & Y DIRECTION· 

' ·J>iato L/C 
Maxox 2061 1050PERA N COl-olTION + EQ + 
MnQ,c. 2054 1U5 UPERATtoN CONDITION+ ea,+ 
MaxQ, 1739 107 OPE~-.TION CONDITION+ EQ • 
Mn _ _)'\j 1609 106 OPEi-.: .v..TION CONOfrlON + EQ +Z 
MaxSx 2074 108 OPERA"nON CONDITION+ EQ +; 
MnSx 2081 .109CoNSTRu.. TX>NCONOITICIN + EC.l,-2\ 
M:ixS\ 1760 i 02 OPEnA,ION CONDITION•2 
Mn .v 1601 109 CONSTR1 n TON COND• • 11 N • EQ t+Z\ 

Wax ,~ 1731 106 OPERA JN CONDITION • ea <+ZI 
Mn 1608 107 OPERAIDN ~11£11Tt0N + EQ f-Z\ 
Wsxt.tc 1711 1-., OPERATION COl>PITION + EQ(+X) 
Mn 1739 1U7 OPERATION Cut-olTION + EQ <•21 
lv\lX 1760 101 OPERATION CO=•ITION-1 
Mn~ 1809 106 OPERATION CONDITION • EQ (+Z) 

Waxn 1792 101 OPERATIUN CONDITION-1 
Mnlli · 1742 101 OPERATION CONCilTI0"'-1 

11.1,1,o 

Figure- 22: Maximum Bending Moment (My) 
Breast Wall 
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Fiaure- 24: Shear Force In Breast Wall lSQYl 
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I 

Shcilr tLoca ,, Bcndl n(':I Momc,nt Local)~1 I 
OSQX,MPa ·SQV MXkN- MYkN' MXYkN-1 

0.361 0.007 -66.686 67.955 -30.08 I, 
-0.361 0.003 -68.063 57.522 26.847 
0.029 0.697 -100.303 -352.391 -89.936 
-0.046 -0.706 ~5.A35 -375.443 43.71 1 
-0.041 0.051 -89.735 -49.353 92.583 
-0.049 0.071 46.302 -26.16S •lA1 
•0.010 -0.002 3.007 172.333 3.193 
-0.155 -0.206 28.262 -38-868 28.001 
0.011 -0.233 20.518 143.344 -73.972 
-0.079 -0.333 24.749 79.379 25.915 
0.069 0.066 454 184.48 32.335 

' 
0.029 0.697 ,105 -352.391 -89.936 
-0.039 -0.095 9.174 425 11.546 
-0.048 -0.706 -95.435 '375 43.711 
-0.009 -0.107 225.091 171.85 200.423 
-0.004 0.115 175.692 218-298 -200.417 

J:1 

Figure- 23: Maximum Bending Moment (Mx) 
Breast Wall 
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Fiaure- 25: Shear Force in Breast Wall lSQX 
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il POWETATA. TATA CONSULTING ENGINEERS LIMITED EKHUTANI POWER

DESIGN OF BREAST WALL FOR BENDING MOMENT IN Y DIRECTION (VERTICAL):

nas Cue)
Ivezrim Bending mamentinYdrecton fr maximum are 2 emin
lximum beng moment in ection ecuat pit on te comer, or rests meme
Joxracbtavo baproved athe comer, however besa walls designed fo everege maximum
bending momentin pre 80 KN
oesin

Fy 800 Nim?
“ok co Nimm?— » =Dametr bar » mnih ‘00 mm

Fricinees of Gras! wa 780 mm
[tecive dein 200 mm
Design Hemera or brimlunar 089

Premiere it) (1—V1— 4590 Res) oz
ast required 400 ox
[Specs requires ving 20 a bars 22 mm
[Spacing Provaed| is mm
[itimum renforeement @ 02% oferoes secten aes 2B mm

provid 20m mma
Provided vertical relaforcement 920 @ 160 mmele spacing

DESIGN OF BREAST WALL FOR BENDING MOMENT IN X DIRECTION (ACROSS THE FLOW):

input rom STAG FILE
Maximum Bending moment in X dtection 454 kN-mim

Design
Fy ‘500 Nimm?
Fok 25 Nimm?

\cioar Cover mm
Diameter ofber mm

en s000 mm
[Thickness of Breast wail 150 mm
Etfocive depth e375 mm
Design Womans Ms 454 Keimurrare 0.98

JPtRequred Pt-( fe) (1-vi 4598 x A/Fek) 023
[ot required 1501 oK
[Spacing required using 25 ca bars 308 mm

pacing Proved 450 mom
Minimum reinforcement @ 0.12% ofeross secton res 225 mma

1 Provides wn mma
Provided across the reinforcement @25 @ 150 mmcle spacing

Structural Design of Tunnel Intake-Khutani SHP. Rev- R3
Page 31
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TATA TATA CONSULTING ENGINEERS LIMITED ~K.HUTANJ POWER -

DESIGN OF BREAST WALL FOR BENDING MOMENT IN Y DIRECTION (VERTICAL): 

Input f rom ST N.J) F1LE 

Mll'&1'1um Bench'ng moment In Y dimctfon 
Mlmlum Bending mom ent In Y direction for m~»mum are 

KN.mlm 
KN-mfm 

M;liimum bonding- moment in Y direction Is occurrOO e.t p<mt on the e.ornGr, fO( rG$lSl this mom en I 
Qll'll'a,: cblquo bru' is provid8d at the oomer. howevQr breas.1 wall Is OOSlgnod ror average maxlm\m 
~ momont in pM i.e 550 KN-mlm 

Dn lgn 

'Fy 
1
Fclc 

~ arCover 
D;ameter of bar 
IWlcf:h 
!Thickness cJ 8rea111 wall 
Effecti\le dep1h 
Design fv'omcntMJ 
MJ/b'd'2 

pt Required Pt,{{,.~f,,)( t - ,fi- 4.St.18 x R/Fck) 

Ast required 
Spacing rcxiulrOO using 20 cEa bars 
Spacing Provided 
~irirnum reinforcement@ 0, 12% of cross s.octa'I area 
!Ast p,<wi<!ed 

,;oo 
25 

50 
w 

1(10() 
750 
690 
425 
0,89 

021 

1t.13D 
212 
150 
828 
2094 

Provfc:!od vortic;,1I re ln(orcement ip2.0@ 150 mm c/c s pacing 

Wmm2 

Wmm2 

mm 
mm 
mm 
mm 
mm 

KN-mfm 

OK 
mm 
mm 
mm2 
mm2 

DESIGN OF BREAST WALL FOR B ENDING MOMENT IN X DIRECTION (ACROSS THE FLOW): 

Input from ST A/ID FILE 
Maximum Benrlilg moment in X dirocUori 

Design 

Fy 
Fok 

Cleat Cover 
OIGmetc, of bat 
~ldlh 
Thickness of Breast wafl 
Effective depth 
Design Momei1t Mu 
M.J/b•d"2 

Pt Requfrod Pt=(r:;,,)(1-./i- -~.598 x R/Fck) 

Ast required 
Spacing te(ltllred using 25 dla bars 
Spacing Provided 
Min;mum rolnforcement@0.12% or cross sectbn area 
Ast PrOlli<led 

454 

500 

25 

50 
25 

'lflOO 
760 

607.5 
454 

· 0.96 

0.23 

1591 
308 
150 
825 
3272 

KN·mlm 

N/mm2 

Nfmm2 

mm 
mm 
mm 
mm 
mm 

KN-mlm 

OK 
mm 
mm 

mm2 
mm2 

Provided ~cross the reinforcement q,25@ 1S0 mm cfc spacing 

Structural Design ofTtmnel lntake-Khutani $HP 
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ap TATA CONSULTING ENGINEERS LIMITEDTATA SEKHUTANI POWER

F. BENDING MOMENT FOR ToP SLAB IN X & Y DIRECTION:TT Shea [Locals Bending Moment (Local)
Plate | eit caaremia TJsaxtapa| Savina) wixkn=-[ Mv kN= [XY KN|

vox Gx_|1661_ [301 OPERATION CONDITION fozzs [0.37 |-139.038 [25.753 _|19.697

vin ax [1719 [105 OPERATION CONDITION + €Q(79 joss foo [5.601 a7 [3.209
Max Gy [2630 |103 CONSTRUCTION CONDITION-1 (EMPTYINTAKE) [0.008 lose —_[-17.266_|-83.516 _[-19.165

vin Qy [3720 |303 CONSTRUCTION CONDITION-1 (EMPTY INTAKE) |-0.029 [-0.349 _[-13.364 [21.509 [12.071
ivoxx_|1625 [105 OPERATION CONDITION + EQ(2X) [0.039 |-0.053 1.44 [28.07 0.465
vin sx [1631 109 CONSTRUCTION CONDITION + £442) o.0s5  |-0.068 |-18391 |-9.988  |a.a7
Max Sy [1680 [105 OPERATION CONDITION + €Q(+) oor |e |is377_ |a.301
Iain sy —|1720 [107 OPERATION CONDITION + €0.(2), o2se |-3.537 |s6931 [10.026
Max xy |1639 [105 OPERATION CONDITION + £O(5X) lo.c39 La.773 [13.002
vin Sey [3709 |105 OPERATION CONDITION + €Q+X) oar 0.806 |15.297

iox Wie |1666|03 CONSTRUCTION CONDITION-1 (EMPTY INTAKE) [0.01 isi.753_[-3.987
vin Mx_|1671__|105 OPERATION CONDITION + EQ(+X), 0.008 F254 [427
Max My_|2670 [103 CONSTRUCTION CONDITION-1 (EMPTY INTAKE) loos 43 [2898
Min wy [1630 [103 CONSTRUCTION CONDITION=1 (EMPTY INTAKE) [0.008—[o.368 84 [19.165
vax Nix [3641 |105 OPERATION CONDITION + EQ\+x) for: [0.083 36.99 [40.595
Min Wy [165 [105 OPERATION CONDITION + £O(5X) foaas [0.065 28.249 |: 35.669

Top Slab Top Slab
Figure- 26: Maximum Bending Moment (My) Figure- 27: Maximum Bending Moment (Mx)

Structural Design of Tunnel Intake-Khutani SHP
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TATA TATA CONSULTING ENGINEERS LIMITED ~ KHUTANI POWER 

F. BENDING M OMENT FOR TOP SLAB IN X & Y DIRECTION: 

Shea, (lo"4I) Bendiri8fMoment (i:ocal) 
,Plate ,'le 

Max Cl;< 1661 1010PERATION CONDITION•l 
Min Ox 1719 10SOPERA1'10N CONDITION +EQl+XI 
MaxQv 1630 103 CONSTRUCTION CONOITION•l {EMPTY INTAKE) 
MinQv 1720 103 CONSTRUCTION CONDITION -1 {EMl>TV INTAl<El 
MaxSx 1625 105 OPERATION CONDITION+ EQf +Xl 
MlnSx 1631 109 CONSTRUCTION CONDITION +EQ (+Z) 
Max Su 1680 105 OPERATION CONDITION + EQl+X) 
MlnSy 1720 1070PERATION CON DITION +EQI-Zl 

Max s··· 1639 ! OS OPERATION c'oNOITION + EQ/+)(l 

Min Sxy 1709 lOSOPERATION CONDITION+ EQr+X) 
MaxMx 1666 103 CONSTRUCTION CON DITION-1 IEMPTY INTAKE) 

Min Mx 1671 105 OPERATION CONOlllON + E'"+X) 

Max M" 1670 103 CONSTRUCTION CONDITION-1 ( EMPTY INTAKE) 

Min My 1630 103 CONSTRUCTION CONOITlON•l {EMPTY INTAKE! 
Max Mxv 1641 ! OS OPERATION CONDITION + EQ{+Xl 
Min Mxv 1691 lOSOPERATION CONDITION + EQl+XI 

Figure- 26: Maximum Bending Moment (My) 
Top Slab 

Structura l Design of Tunnel lnt:ake -Khutani SHP 
Page 32 

5nvMPa SQYMPa Mi;ckN:; MY liN• MJ<'l\,kN• 
0.226 ·0.037 ·139.038 •25.753 19.697 
·0.118 •0.041 -5.601 2.771 3.209 
0.004 0.368 · 17.266 -83.516 •19.165 
-0.029 ·0,349 · 13.364 -81.509 13,071 
-0.039 -0.053 •1,44 28.07 -0.465 
a.ass -0.068 -18.391 -9.988 8.147 
-0.006 -0.017 1.606 19.377 2.301 
•0,039 -0.258 ·9.537 -S6.931 W.026 
-0.009 0.039 -6.451 14.773 ·13.042 
-0.016 --0.041 •3,871 10.806 15.297 
0.031 -0.011 25 31.753 -3.987 
0.195 0.004 .. ~ag ·25.942 -4.27 
•0.01 0.03 2.108 4 2.998 
0.004 0.368 · 17.266 -84 ·19.165 
0.131 -0.083 -n.038 -36.99 40.59S 
0.143 0.065 ·82.451 -28.249 -35.669 

Figure- 27: Maximum Bending Moment (Mx) 
Top Slab 
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TATA TATA CONSULTING ENGINEERS LIMITED SEKHUTANI POWER

DESIGN OF ToP SLAB FOR BENDING MOMENT IN Y DIRECTION (ACROSS THE FLOW):
SO

fnpat rom STAR FILE
eximum Bending momentin¥ drecton asks
Design
Fy 500 Nimm?
IFck 25 Nimm?

cies cover 25mm
biameter of bar 6 mm
wis 1000 mm
THckness of lab 500mm
lecive depth “7mm
[Design Moment hs 4 KNmin
une o3e
Prrequed re )(A—VE-AsoaxR/Fel) 0.08

lastroauted 419 NoTO
[Spacing requted using 16 da bars 40mm
|Mnimum reinforcement @ 0.12% of cross section area 560.4 mm2
bia ‘6mSpacing 200mm
Noor barin 1 5 fe
Actual Ast proved 10048 mma

ox
Provided across the flow reinforcement @16 @ 200 nme spacing

DESIGN OF ToP SLAB FOR BENDING MOMENT IN X DIRECTION (ALONG THE FLOW):

[input from SFARD FILE
Ivxemum Bending moment in Xeon 0 emi
Joesion

" 00 Ninn
ok 2 Nim?

ae Cover 25 mm
(lemeter of bar 6 mmat ‘000 mm

[Thickness of stb 00 mm
lective dont a7 mam

esi Momont MA 9 keri
060

JPrroquied (5) (1 -VI- 4.590 A/F) 048
[pstregures 780 OK

acing eaured using 16 da bare 265 mm

IMeimum rerforcement @ 0.2% of ross secton ares S04 rome
bis 6 mm
spacing 20 mmm

No ofbarin tm 5 0s,
actual ast proses 10048 mma

OK
Provided along the flow reinforcomont 16 @ 200 mele spacing

Structural Design of Tunnel Intake-Khutant SHP
Page 33
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TATA TATA CONSULTING ENGINEERS LIMITED ~ KI:fVtANI POWER -

DESIGN OF TOP SLAB FOR BENDING MOMENT IN Y DIRECTION (ACROSS THE FLOW): 

Input from STAAD FILE 
Maximum Bending moment in Y direction 84 KN-m/m 

Ooslgn 

Fy 500 N/mm2 

Fck 25 Nlmm2 

Clear Cover 25 mm 
O~eter of bar 16 mm 
Wlcllli 1000 mm 
Thickness or slab !"){)0 mm 
EffecUVe depth 467 mm 
DesllJ, Moment MJ 84 KN-m/m 
Mu/b' d"2 0.38 

Pt required Pt=(;~';',) ( 1 -.fi - 4.598 x R/F'ck) 0.09 

Ast req!Jred 419 NOTOI 
Spacing requlre<J using 16 dia bars 480 mm 
Mni.mum relnf04'cemenl @: 0.12% of cross section area 560.4 mm2 
Dia 16 mm 
Spacing 200 mm 
Noofbar ln 1 m s nos 
Actual Ast prow:led 100~.8 mm2 

OK 
Provided across tho flow rclnforcomcnt cp16 @ 20D mm c/c spacing 

DESIGN OF T OP SLAB FOR BENDING MOMENT IN X DIRECTION (ALONG THE FLOW): 

Input from ST AA!) ALE 
M:'IXirnum Sending moment rn X direction 149 K~mlm 
I 

1
o e$lgn 

:iOO Nfmm2 y 
25 Nlmm' 

Ccwor :15 mm 
,s mm 

1000 mm 
~l'IOSS of slab f,00 mm 

Effective doplh 467 mm 
Design Mornont M1 140 KN-m/m 
Ml,'b.d"'2 0.68 

Ptfequkcd ~te(2~f:,_)(1 - ./i - 4,598)( R/Pcr,) 0.16 

I,..,"""'"" 760 OK 1 
pacing reqi,rifed ut~ 16 di.i bars 285 mm 

MWmum re(nfcrcem.ent@ O. '12% of cross sectbn oreo 5E0.4 mm2 
Dia 16 mm 
Spacing 200 mm 
Noofbari\ 1 m 5 nos. 
Aciusl A."li P'Q'll<ted 100<1.B mm2 

OK 
Provided eJong tho flow ro lnforcomont cp16@ 200 nmcte $pacing 

Structural Design of Tunnel lntake-Khutani SHI' Rev- R3 
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statA TATA CONSULTING ENGINEERS LiMiTED 3EKHUTANI POWER

G. BENDING MOMENT FOR BACKWALL IN X & Y DIRECTION:

‘Shear (Local) Bending Moment (Uocal)
Plate we [saximealsay Meal MXKN- [MY KN= [MixW RN]

[vax Gx 2342 [307 OPERATION CONDITION +€0 (-2) fo.396 [+0106 _|-206.002 |-45.246 _|-14,208
[ain QxJ2333 [306 OPERATION CONDITION + Ea (+2), -0.388 [0.09 |-210.36 |-45.605 [13.288
Max Gy [2143 106 OPERATION CONDITION + €@(+2) loos Jo.ss3_—|-138.332 [523.744 |-9.583
vin Gy |2182__[107 OPERATION CONDITION + €Q(-Z) loose |-0.525 _|-113.62_|-469.668 [9.604

____________]}iax 5x —[2133—“]nos oF ERATION CONDITION +69.62)_—____| 0.388 [0009-21036 |-45.605 [13.288 |Ivinsx [2133 [110 CONSTRUCTION CONDITION + £42) fo.oss —|-oo2i [62.322 [aces |-3.554
Iiax

Sy
[2152___[106 OPERATION CONDITION + £0 (+2) loa7s —|1s.673 570.369 _|-30.669

[Min sy |2133_[107 OPERATION CONDITION + £0 (-2), oss |-34719 [24.217 _|-3.677

[vax sxy [2333 [207 OPERATION CONDITION +€a (-2), o.0ss |-34.719 |-24.217_[-3.677
Min Sxy [2141 406 OPERATION CONDITION + €Q (+2) fo.ca9 [a.ou9 [-15.501_|-13.869
Max tie [2137 [105 OPERATION CONDITION + €Ql+x) [-oo2|105, [34.ase _[-3.217

Min Nx [2123 [106 OPERATION CONDITION + €0 (+2) 0038|228 |-49.353_|i3.326
[Max vy [2152 [106 OPERATION CONDITION + £0 (+2) loss [isos [570 _|-30.669
[Min wy [2143 [105 OPERATION CONDITION + £0 (42) losss |-saa.asa [524 [ose
[iiax Wixy [2344 [207 OPERATION CONDITION + €.(-2) 0.236 |-0.359 [326.626 [61.139
vin My [2151105 OPERATION CONDITION + £0,(+2) foz7s [13.846 [365.537 [63.971

a
FEE

Te

Figure- 28: Maximum Bending Moment (My)
Backwall

Figure- 29: Maximum Bending Moment (Mx)
Backwall
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TATA TATA CONSULTING ENGINEERS LIMITED ~KHUTANI POWl:.R 

G. BENDING MOMENT FOR BACKWALL IN X & Y DIRECTION: 

I• 

· ·pJate L/C 
Max Cl!< 2142 107 OPERATION CONDITION + EQ { •Z) 
MinQx 2133 1060PEI\ATION CONDITION+ EQ (+Zl 
MaxQy 2143 106 OPERATION CONDITION+ EQ {+Zl 
MlnQv 2152 107 OPERATION CONDITION + EQ {-ZJ 
fll\ax.S~ 2133 106 OPERATIO~NOl:rlON +.fQ~+Z' 
MinSx 2133 110 CONSTRUCTION CONDITION + EQ (•2) 
MnxSv 2152 1060PERATION CONDITION+ EQ(+Zl 
MinSv 2133 107 OPERATION CONDITION+ EQ (·Z) 
Max Sxv 2133 107 OPERATION CONDITION + EQ 1-Z) 
MlnSvv 2141 1060PERATION CONDITION +EQl+ZI 
MaxMx 2117 105 OPERATION CONDITION+ EQ(+X) 
Min Mx 2123 106 OPERATION CONDITION+ EQ (+21 
Mnxr,., 2152 1060PERATION CONDITION+ EQ(+Z) 
Min My 2143 1060PERATION CONDITION+ EQ(+2) 
Max Mxy 2144 107 OPERATION CONDITION+ EQ (•Z) 
MlnMxs 21S1 1060PERATION CONDITION+ EQ /+ZI 

Figure- 28: Maximum Bending Moment (My) 
Backwall 

Structural Design of Tunnel lntake-Khucanl SHP 
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Stie-ar lLoCal\ 8cndln'g',tv1ome'l1t (Loe.al\ 
S'WMPa S'OYMPa MXkN• ·MY·kN-
0.396 ·0.1C'6 -206.002 -45.146 
·0.388 ·0.09 ·210.36 •4S.605 
0.036 0.553 ·138.332 -523.744 
0.064 •0,529 ·113.62 ·469.668 
-9:-388- •0.89- •210.36 •45:685-
0.058 •0,021 62,322 4.083 
·0,006 0.375 15.679 570.369 
·0.118 ·0.055 ·34.719 •24.217 
-0.118 ·0.05S ·34.719 •24.217 
0.049 O.D29 4.049 ·15,501 
•0.032 -0,02 105 34.488 
·0.349 •0,039 -228 -49.353 
·0.006 0.375 15.679 570 
Q.036 0.553 ·138.332 .524 
·0.115 ·0.236 -0.359 326.626 
·0.124 0,271 13.846 365.537 

, 
. :,,, 

' ~· ' ' 

' .. : ·-. ' 
::~ .·,. 

MXYikN• 
·14.208 
13.288 
-9.583 
9.604 
1'3c288 
·8.554 
·30.669 
·3.677 
-3.677 
•13.869 
-3.217 
13.326 
· 30.669 
·9,583 

61.139 
·63.971 

.... , ... 

Figure- 29: Maximum Bending Moment (Mx) 
Backwall 
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TATA. CONSULTING ENGINEERS LIMITED SEKHUTANI POWER

DESIGN OF BACKWALL FOR BENDING MOMENT IN Y DIRECTION (ACROSS THE FLOW):

Tapa am STAND PCE C2
nximum Bending momen in ¥crection 570 kN ewlavearge 8M 380 Keri

sign
500 Nimm?

Nimm®

clear Cover mm
Diameter of bar mm
haat mm

ickness of slab mm
Effective depth mm
[Design Moment mas 380 KN
Iworara 176

[Ptrequired —Pte( £0) (1 Wi 4.598 x R/Fek), 044
5 required 2062 OK

pacing required using 16 da bars 1820 mm
Wirimum reinforcement @ 0.12% of eross section area 858. mm2

last provides 2mm[Spacing required using 20 150 mm
Woot barn + m 7 pos
Actual Ast provided 2083 mma

OK
Provided across the flow reinforcement @20 @ 150 mm cle spacing

DESIGN OF BACKWALL FOR BENDING MOMENT IN X DIRECTION (ALONG THE FLOW):

input rom STAR FICE
Masini Bending moment Xdrecton 220 Kati
loosign
ley 00 Ninn
frox 25 Newt

oar Cover 26 mm
Diameter of ber 2 mmjit 1000 mm
Thickness of sab 500 mm
letecve dep 485, mm
Design sient 28 kent
lranrore 4.05

oerquves ro i8)(ov asso yet) 028
ast cequred 87 oK
|Spacinroqukod using 20a bore 284 ram

rium ronfercemant @ 0.12% af eros section ae 588 m2
la 20 mm

Ispacing 60 mam
Not borin m 7 res,
[actual Ast provided 2099 mma

OK
Provided along the flow rinforcemont 920 @ 180 mm cle spacing

Structural Design of Tunnel Intake-Khutani SHP Rev- R3
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TATA TATA CONSULTING ENGINEERS LIMITED ~KHUTANI POWER 

DESIGN OF BACKWALL FOR BENDING MOMENT IN Y DIRECTION (ACROSS THE F LOW): 

Input !Tom ST IWJ FILE 2 
~ xlmum Bending moment in Y direction 570 Kl\l-m/m ~ ~voorgeBM 380 Kl\l-mlm 
Design 
Fy 500 N/mm2 

"'ck 25 Nlmmz 

I Clear Cov&r 2.,; mm 
Diameter of bar 20 mm 
Width 1000 mm 
!Thickness of slab 500 mm 
Effe<::tive depth 465 mm 
Design Moment Mu 380 Kl\l-m/m 

I 
Mu/b'd'2 1.76 

Pt required Pt,(::,:)(t-./I- 4.598x 11/Fcl,) 0.44 

!Ast required 2062 OK 
!spacing required using 16 cf,a bars 152 mm 
Minimum rOOnforcement@0.12% or cross section area 558 mm2 
!Ast provided 20 mm 

I 
Spacing r0<1ulred using q,20 150 mm 
Noofbarin1 m 7 nos 
Actual Ast provided 2093 mm2 

OK 
Provided across tho flow reinforcement q,20@ 150 mmc/c spacing 

-
DESIGN OF BACKWALL FOR BENDING MOMENT IN X DIRECTION (ALONG THE FLOW): 

l1lput from ST /1,AD FILE 
M3)(!m1J111 8et1dlng momor,t ti X dlrcctfon 228 KN-m/m 

Dos.ion 
~y 500 Nlmm2 

leek 25 ,...,m• 

C!cmrCOY(M' 25 mm 
Diameter ofbtw" 20 mm 
lwi<!th 1000 mm 
!Th!cknoss of slsb 500 mm 
EffecfiVGdgpth 4$5 mm 
Design i-~Mt Mi 228 I\IJ,m,m 
"'-lib'~ 1,05 

Pt required Pt=(.::.C:,,)(i -v-:T - 1.598 )( R/Fck) 0.26 

kit required 1187 OK 
,Spacing roquirod using 20dia bars 264 mm 

~nlmutn rolnforcement @ 0.12¾of cross. socrion area 558 mm2 
Illa 20 mm 
~ng 160 mm 
Noofbatln 1 m 7 ""'· lActua1 A<it pravldef;I 2og3 mm2 

OK 
Provided ofc>ng tho nowrvlnfon::~nmnt <p20 @ 150 rm, ~c,gpnctng 
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TATA TATA CONSULTING ENGINEERS LiMiTED

H. DESIGN FoR SH

25.00) Mpa
415.00 | Mpa

ee

Rafe
Raft.

fop Slab
[Top Slab
PierZone-i
Pier Zone-1
PierZone-28
Pier Zone-2A|
[Pier Zone-28
[Pier Zone-28|Sy
[Breast wall_| Sax.
Breast wall_| si

SEKHUTANI POWER

‘ORCE (Sax & SY) FOR PIER, RAFT, TOP SLAB AND BREAST WALL

Not Required
Not Required
Not Required
Not Required

‘OK

OK

OK

OK.

Not Required
Not Required

Structural Design of Tunnel Intake-Khutani SHP
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TATA TATA CONSULTING ENGINEERS LIMITED .\'t.KHUTANl POWER -

H. DESIGN FOR SHEAR FORCE (Sax & Sgv) FOR PIER, RAFT, TOP SLAB AND BREAST WALL . .. 

Con_creJ!' I 
Steel 

2S.Clq_L M~a. 
415.00 I Mpa r 

D I 
L, 8, 

S~ear es go . . ,.1 
12'- iSfiear . . , .• • o,a Th1ckn~~ · Lon(I).,._, liateral._'+ - 4'. 

Rart--'l:ype-1'7"[MPa~) Reinforcernen 'eipatjfy,~he..r', ·[- "'·' - ; - -,-1 "'s ,. r-- c~.,5 ,. ~ ·1,hltck~ 
, ' [M al m"l,, 1mm pa_c_,ng1 _pa,.,.ng " 

·, (111 r.) [MPaJ p (Jnm) (mffi) 

Raft SQx 0.61 0.11 0.252 0.36 12.0 1,200.0 250,0 250.0 OK 
Raft SQ1 0.39 0.14 0.287 0.11 12.0 1.200.0 2S0.0 250.0 OK 
Too Slab SQx 0,23 0.16 0.303 Not Renuired 
Top Slab SQy 0.37 0.09 0.231 0.14 12.0 500.0 Not Reauired 
Pier Zone-1 SQx 0.30 0,20 0.329 Not Required 
Pier Zone-1 SQy 0,32 0.21 0.339 Not Required 
Pier Zone-2A SQx 0.45 0.13 0.272 0.18 12..0 2,000.0 250.0 250.0 OK 
PierZone-2A SQv 0.47 0,20 0.334 0.14 12.0 2,000.0 250,0 250.0 OK 
Pie rZone-2B SQx 0.49 0.11 0.249 0.24 no 2,000.0 250.0 250.0 OK 
PlerZone-2B SQv 0,35 0.07 0.199 0,15 12.0 2,000.0 250.0 250,0 OK 
Breast wall SQx 0.25 0.16 0.303 Not Required 
Breast wall 5Qv 0.15 0.21 0.342 Not Reau I red 
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