Amendments as on July 31, 2017

Following amendments (highlighted in yellow) are made in Table 3.3, Clauses
G.2.3, G.24, G.2.5, G.3.2 (fully replaced), G.3.3 (newly added) and G.3.4
(shifted from existing G.3.3) in AERB Safety Standard on Design of concrete
structures important to safety of Nuclear Facilities [AERB/SS/CSE-1(2001)]

TABLE 3.3: EXPRESSIONS OF R (fy) FOR LIMIT STATE OF

STRENGTH
Material Limit States R( fk)
Concrete Direct compression 0.6 fck
Flexure compression 0.67
Direct tension 0.35
YA
Flexure tension 0.55(fck)
Shear Ref. cl. 3.6.2
Bond®:Deformed bars %
in tension 0.6(fck)
:Plain bars in tension %
0.4(fck)
Steel All limit states fy

Note: (1) For bars in compression, these values should be increased by 25%.

APPENDIX-G

TEST FOR LIQUID-RETAINING STRUCTURES

G.2 Test Procedure

G.2.3 Test for ingress of ground water will be conducted first by allowing water table to rise
slowly to a stable level by stopping dewatering system. All leakage spots and wet
surfaces on the inner face of the wall and raft surfaces will be marked accurately. Water
table outside the pool will be lowered by starting dewatering system and corrective
treatment such as various types of injection grouting, surface coatings, repairs to the
concrete etc. carried out. After satisfactory completion of the corrective measures,

water level outside the pool will be allowed to rise again. Corrective treatment can be



G.24

G.25

G.3

G.3.2

G.3.3

G.34

undertaken in presence of water, if performance of repair material in such condition is
established. For grouts made of cement or similar material which cannot perform in

presence of water, corrective treatment should be taken up only after emptying.

If any wet surfaces persist the procedure will be repeated until the acceptance criteria
is satisfied.

Test for Egress of Stored Water

The test will be conducted by filling the storage pool with water. The filling will be in
stages to properly identify the leakage spots and leakage paths if any. All wet patches
and leak spots on external surfaces will be properly demarcated. After emptying the
pool, corrective treatments such as various types of injection grouting, surface coating,
repairs to concrete etc. shall be completed. Corrective treatment can be undertaken
in presence of water, if performance of repair material in such conditions is established.
For grouts made of cement or similar material which cannot perform in presence of
water, corrective treatment should be taken up only after emptying. The pool will be
filled again and external surfaces observed. In case wet patches appear, the above
procedure will be repeated till the acceptance criteria is satisfied.

Acceptance Criteria

For water retaining structures following tank-in-tank concepts, the procedure of filling
the tank and repairing shall be repeated for leak tightness test of stored water until total
area of wet patches is less than 0.1% of surface area of each wall. Even in case where
acceptance criteria is met, large single patch or multiple patches in a localized area

should be further repaired.

For other water retaining structures ‘The procedure of filling the tank and repairing shall
be repeated both for test for ingress of ground water (where required) and leak
tightness test for stored water until no wet patches appear on the surface opposite to
liquid facing’.

A drop in water level at the rate of 6 mm or 12 mm for 24 hours may be allowed as
evaporation losses for covered or open pool condition respectively as the case may
be.
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FOREWORD

Safety of public, occupational workers and the protection of environment should be
assured whileactivitiesfor economic and social progressare pursued. These activities
include the establishment and utilisation of nuclear facilities and use of radioactive
sourcesand haveto be carried out in accordance with relevant provisionsin the Atomic
Energy Act, 1962.

Assuring high safety standards has been of prime importance since inception of the
nuclear power programme in the country. Recognising this aspect, the Government
of Indiacongtituted the Atomic Energy Regulatory Board (AERB) in November 1983,
vide statutory order No. 4772 notified in the Gazette of India dated 13.12.1983. The
Board has been entrusted with the responsibility of laying down safety standards and
framing rules and regulationsin respect of regulatory and safety functions envisaged
under the Atomic Energy Act of 1962. Under its programme of developing safety
codesand guides, AERB had issued four codes of practicein the area of nuclear safety
covering the following topics:

Safety in Nuclear Power Plant Siting
Safety in Nuclear Power Plant Design
Safety in Nuclear Power Plant Operation

Quality Assurance for Safety in Nuclear Power Plants

Civil engineering structuresin nuclear installationsform an important feature having
implicationsto safety performance of theseingtallations. The objective and minimum
requirements for the design of civil engineering buildingg/structuresto be fulfilled to
provide adequate assurance for safety of nuclear ingallations in India (such as
pressurised heavy water reactor and related systems) are specified in the Safety
Standard for Civil Engineering Structures Important to Safety of Nuclear Facilities
(AERB/SSICSE). This standard is written by AERB to specify guidelines for
implementation of the above civil engineering safety standard in the design of concrete
structures important to safety.



This standard may be revised as and when necessary in the light of experience as
well as developments in the field. The appendices included in the document are an
integral part of the document, whereas the annexure, footnotes, and bibliography are
to provide information that might be helpful to the user.

Emphasisin the codes, standards, guidesand manual sison protection of site personnel
and public from undue radiol ogical hazard. However, for agpects not covered in these
documents, applicable and acceptable national and international codes and standards
shall be followed. In particular, industrial safety shall be assured through good
engineering practices and by complying with the Factories Act, 1948 as amended in
1987 and Atomic Energy (Factories) Rules, 1996.

This safety standard on civil and structural engineering (CSE) has been prepared by
the professionals from AERB, BARC, NPC, DCL, TCE and BIS. In its preparation,
the relevant national and international documents (mentioned in the “ Bibliography”
section of this standard) have been extensively used. It has been reviewed by experts
and amended by Advisory Committees before issue. AERB wishes to thank all
individuals and organisations who have contributed in the preparation, review and
amendment of the safety standard. The list of persons who have participated in
committee meetings, along with their affiliation, isincluded for information.

_Sihes Pl hlatre

(Suhas P. Sukhatme)
Chairman, AERB



DEFINITIONS

Acceptable Limits

Limits acceptable to Regulatory Body for accident condition or potential exposure.

Accident conditions

Substantial deviations from operational states which could lead to release of
unacceptable quantities of radioactive materials. They are more severethan anticipated
operational occurrences and include design basis accidents and severe accidents.

Admixture

Material other than water, aggregate or cement, used as an ingredient of concrete
and added to concrete before, during or subsequent to its mixing to modify its
properties.

Aggregate

Granular material, such assand, gravel, crushed stone and iron blast-furnace dag, used
with a cementing medium to form a hydraulic-cement concrete or mortar.

Anchorage (Prestressing)

In post-tensioning, a device used to anchor tendon to concrete member, in
pretensioning, a device used to anchor tendon during hardening of concrete, a
means by which force is transferred to the concrete.

Anchor Head

A nut, washer, plate, stud or bolt head or other steel component used to transmit anchor
loads to the concrete by bearing.

Approval

A type of regulatory consent issued by the Regulatory Body to a proposal.



Atomic Ener gy Regulatory Board (AERB)

A national authority designated by Government of India having the legal authority
for issuing regulatory consent for various activities related to the nuclear facility and
to perform safety and regulatory functions including enforcement for the protection
of the public and operating personnel against radiation.

Attachment

An attachment is an element in contact with or connected to the inside or outside
of a component. It may have either a pressure retaining or hon-pressure retaining
function.

Base Temperature/Stress Free temperature

Temperature at which it is assumed that the material is free of thermal stresses.

Characteristic Strength of Materials

The value of strength of the material, below which not more than 5 percent of the
test results are expected to fall.

Coarse Aggregate

The aggregate particles retained on a 4.75 mm IS seve.

Commissioning

The process during which structures, systems and components of a nuclear and
radiation facility, having been constructed, are made functional and verified to bein
accordance with design specifications and to have met the performance criteria.

Competent Authority

Any official or authority appointed, approved or recognised by the Government of
India for the pupose of the rules promulgated under the Atomic Energy Act 1962.



Construction

The process of manufacturing, testing and assembling the components of a nuclear
or radiation facility, the erection of civil works and structures, the installation of
components and equipment and the performace of associated tests.

Decommissioning

The process by which a nuclear or radiation facility is finally taken out of operation
in amanner that provides adegquate protection to the health and safety of the workers,
the public and of the environment.

Design

The process and the results of developing the concept, detailed plans, supporting
calculations and specifications for a nuclear or radiation facility.

Design Basis Accident (DBA)

Design basis accidents are a set of postulated accidents which are analysed to arrive
at conservative limits on pressure, temperature and other parameters which are then
used to set specifications that must be met by plant structures, systems and
components, and fisson product barriers.

Design Inputs

Those criteria, parameters, bases or other requirements upon which detailed final
design is based.

Design Outputs

Documents, such as design reports, drawings, specifications, that define technical
requirements necessary for manufacture, installation and operation of structures,
systems and components.

Disposition

An act to determine how a departure from a specified requirement is to be handled
or settled.



Documentation

Recorded or pictorial information describing, defining, specifying, reporting or
certifying activities, requirements, procedures or results.

Earthquake

Vibration of earth caused by the passage of seismic waves radiating from the source
of dagtic energy.

Embedded Part

Any structural member, plates, angle, channel, pipe deeve or other section anchored
to a concrete structure through direct bond or other anchors.

Embedment

Embedment is that portion of the component in contact with the concrete or grout
used to transmit applied loadsto the concrete structure through direct bond or other
anchor. The embedment may be fabricated lugs, bolts, reinforcing bars, shear
connectors, expansion anchors, inserts or any combination thereof.

Examination

An element of inspection consisting of investigation of materials, components,
supplies or services to determine conformance with those specified requirements
which can be determined by such investigation.

Fine Aggregate (Sand)

The portion of aggregate passing a 4.75 mm IS seve.

Green Concrete

Concrete that may or may not have attained initial set, but has not yet gained
appreciable strength.
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I ngpection

Quality control actionswhich by means of examination, observation or measurement
determine the conformance of materials, parts, components, systems, structures as
well as processes and procedures with predetermined quality reguirements.

Item

A general term covering structures, systems, components, parts or materials.

Items Important to Safety

The items which comprise:

(1) those structures, systems, equipment and components whose malfunction or
failure could lead to undue radiological consequences at plant or off-site;

(2) those structures, systems and components which prevent Anticipated
Operational Occurrences from leading to Accident Conditions; and

(3)  thosefeatureswhich are provided to mitigate the consequences of malfunction
or failure of structures, systems or components.

Main Structural Members

The structural members, which are primarily responsible to withstand, carry and
distribute the applied load.

Maintenance

Organised activities covering all preventive and remedial measures, both administra-
tive and technical, necessary to ensure that all structures, systems and components
are capable of performing as intended for safe operation of plant.

Non-confor mance

A deficiency in characterigtics, documentation or procedure which rendersthe quality
of an item unacceptable or indeterminate.
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Normal Operation

Operation of a plant or equipment within specified operational limitsand conditions.
In case of Nuclear Power Plant thisincludes start-up, power operation, shutting down,
shut-down state, maintenance, testing and refuelling.

Nuclear Power Plant (NPP)

A nuclear reactor or agroup of reactorstogether with all associated structures, systems
and components necessary for safe generation of electricity.

Nuclear Facility

All nuclear fuel cycle and associated install ations encompassing the activities covering
from the front end to the back end of nuclear fuel cycle processes and also the
associated industrial facilities such asheavy water plants, beryllium extraction plants,
zirconium plant, etc..

Objective Evidence

Term used in context of Quality Assurance, qualitative or quantitative information,
record or statement of fact, pertaining to the quality of an item or service, which is
based on observation, measurement or test and which can be verified.

Operating Basis Earthquake (OBE)

The“ Operating Bass Earthquake” (OBE) isthat earthquake which, considering the
regional and local geology and seismology and specific characterigtics of local sub-
surface material, could reasonably be expected to affect the plant site during the
operating life of the plant; it isthat earthquake which produces the vibratory ground
motion for which the features of Nuclear Power Plant (NPP) necessary for continued
safe operation are designed to remain functional.

Operation

All activities following commissioning and before decommissioning performed to
achieve, in a safe manner, the purpose for which a nuclear or radiation facility was
congtructed, including maintenance.
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Physical Separation

A means of ensuring independence of an equipment through separation by geometry
(distance, orientation, etc.), appropriate barriers or a combination of both.

Postulated Initiating Events (PIES)

Identified event that lead to anticipated operational occurrence and accident
conditions, and their consequential failure effects.

Primary Stress

Primary stressis any normal stress or shear stress developed by an imposed loading
which is necessary to satisfy the laws of equilibrium of external and internal forces
and moments. The basic characterigtic of aprimary stressisthat it isnot self limiting.

Prescribed Limits

Limits established or accepted by the Regulatory Body.

Qualified Person

A person who having complied with specific requirements and met certain conditions,
has been officially designated to discharge specific duties and responsibilities.
(e.g., Reactor Physicigt, Station Chemist and Maintenance Personal of Nuclear Power
Plants are qualified persons).

Quiality

Thetotality of featuresand characteristics of aproduct or servicethat bear onitsability
to satisfy a defined requirement.

Quality Assurance

Planned and systematic actions necessary to provide adequate confidence that anitem
or facility will perform satisfactorily in service as per design specifications.



Quality Control

Quality assurance actions, which provide a means to control and measure the
characteristics of an item, process or facility in accordance with established
reguirements.

Records

Documents which furnish objective evidence of the quality of items or activities
affecting quality. It also includes logging of events and other measurements.

Reliability

The probability that a device, system or facility will perform its intended function
satisfactorily under stated operating conditions.

Repair

The process of restoring a non-conforming item to a condition such that the capability
of thisitem to function reliably and safely is unimpaired, even though that item till
may not conform to the prior specification.

Responsible Or ganisation

The organisation having overall responsbility for siting, design, construction,
commissioning, operation and decommissioning of a facility.

Rework

The process by which a hon-conforming item is made to conform to a prior specified
requirement by completion, remachining, reassembling or other corrective means.
Safe Shutdown Earthquake (SSE)

The" Safe Shutdown Earthquake’ isthat earthquake whichisbased upon an evaluation
of the maximum earthquake potential considering the regional and local geology and
seismology and specific characterigtics of local sub-surface material. It is that
earthquake which produces the maximum vibratory ground motion for which certain



gtructures, systems and components are designed to remain functional. These
gtructures, systems, and components are those which are necessary to assure:

(@  theintegrity of the reactor coolant pressure boundary; or

(b)  the capability to shut down the reactor and maintain it in a safe shutdown
condition; or

(c)  the capability to prevent the accident or to mitigate the consequences of
accidentswhich could result inpotential off-site exposure higher thanthelimits
specified by the Regulatory Body; or

(d)  the capacity to remove residual heat.
Safety

Protection of all persons from undue radiological hazards.

Safety Limits

Limits upon process variables within which the operation of the facility has been
shown to be safe.

Safety System (Safety Critical System)

Systems important to safety, provided to assure, under anticipated operational
occurrences and accident conditions, the safe shutdown of the reactor (shut down
system) and the heat removal from the core (emergency core cooling system), and
containment of any radioactivity (containment isolation system).

Secondary Stress

Secondary stress is a normal stress or shear stress developed by the constraint of
adjacent material or by self-congtraint of the structure. The basic characteristic of a
secondary stress is that it is self-limiting.

Services

The performance by a supplier of activities such as design, fabrication, installation,
inspection, non-destructive examination, repair and/or maintenance.



Site

The area containing the facility defined by a boundary and under effective control
of facility management.

Site Personnel
All persons working on the site, either permanently or temporarily.
Siting

The process of selecting a suitable site for a facility including appropriate assessment
and definition of the related design bases.

Specification

A written statement of requirementsto be satisfied by a product, a service, amaterial
or aprocess, indicating the procedure by meansof which it may be determined whether
the specified requirements are satisfied.

Structure

The assembly of elementswhich supports/houses the plants, equipment and systems.

Supplier Evaluation

An appraisal to determine whether or not a management system is capable of
producing aproduct or service of a stated quality and generating evidencethat supports
decisions on acceptability.

Surveillance

All planned activities viz monitoring, verifying, checking including in-service
inspection, functional testing, calibration and performance testing performed to ensure
compliance with specifications established in a facility.
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Teging

The determination or verification of the capability of an item to meet specified
reguirements by subjecting the itemto a set of physical, chemical, environmental or
operational conditions.

Verification

Theact of reviewing, inspecting, testing, checking, auditing, or otherwise determining
and documenting whether items, processes, services or documents conform to
specified requirements.
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SYMBOLS

Unless specified otherwise, the following symbols apply to this standard and may not
necessarily conform to the symbols adopted el sewhere for national and international
use. Unless specified otherwise, SI units (millimeter for linear dimension and newton
for force) are adopted.

P " e

Asmi n

Area of concrete section resisting shear.

Gross cross-sectional area of concrete members.

Area of prestressing reinforcement.

Area of compressive reinforcement.

Area of tensile reinforcement.

Minimum reinforcement for massive concrete element.

Area of gtructural steel shape, pipe or tubing in a composite section.

Effectivetension area of concrete surrounding the flexural tension
reinforcement and having the same centroid as that of reinforcement,
divided by the number of bars. When flexural reinforcement consists
of different bar/wire sizes, the number of bars/wires shall be computed
asthetotal area of reinforcement divided by the area of the largest bar
used.

Air content in the concrete (in %).
Width of compressive flange of a rectangular beam.
Perimeter of critical section for dab and footing.

Width of cross-section at contact surface being investigated for
horizontal shear.

Width of web of flanged beam.

Creep coefficient.
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CcC

DL

Clear cover
Cement content, (kg/m?®)
Dead loads and others.

Effective depth of flexural member, or distance from extreme
compression fibre to centroid of tension, reinforcement.

Distance from extreme compression fibre to centroid of compression
reinforcement.

Short-term static modulus of elasticity of concrete.
Loads generated by the operating basis earthquake.
Modulus of eadticity of sted.

L oads generated by the safe shutdown earthquake.
Load resulting from the application of prestress.

L oads resulting from Design Basis Flood.

ith design load combination.

jth characteristic load for ith load combination.
Hydrogtatic load due to internal flooding.
Characterigtic strength of materials (general representation).
Allowable bending compressive stress in concrete.
Allowable direct compressive stress in concrete.
Calculated bending compressive stress in concrete.
Calculated direct compressive stress in concrete.

Characteristic compressive strength of 150 mm concrete cube at 28
days.

Characteristic strength of concrete at ith day after casting.



Compressive dtress at centroidal axis due to prestress.
Modulus of rupture of concrete.

Design strength of material.

Characteristic strength of prestressing stedl.

Stressin reinforcement.

Characterigtic strength of reinforcing steel, corresponding to 0.2%
proof stress for high strength deformed bars or yield stress in case of
mild stedl.

Lateral earth pressure.

Relative humidity (in %).

Overall depth or thickness of member.

Moment of inertia of section.

Moment of inertia of beam about centroidal axis of gross section.
Moment of inertia of gross section of column.

Moment of inertia of cracked section transformed to concrete.
Effective moment of inertia for computation of deflection.

Moment of inertia of gross concrete section about centroidal axis,
negl ecting reinforcement.

Moment of inertia of reinforcement about centroidal axisof member
Cross-section.

Moment of inertia of a structural steel shape, pipe or tubing in a
composite member cross section.

Effective length (denderness ratio) or height factor.
Live loads and others.

Vertical distance between supports.



Ml

MT

Mt

ns

cr

Length of the shorter span and larger span in two-way dab panels
respectively.

Unsupported length of column.
Development length.
Load and other effect of aircraft impact.

L oad and other effect of missilesdueto external eventsother than those
related to wind or tornado, explosions in transportation systems,
disintegration of turbine and other components.

Load effects due to internal missiles.

Load and other effect of missiles, wind and overpressure generated
from explosions in transportation systems, on land, water or in air.

Loading effect of turbine missile.
Factored moment.

Factored end moment on a compression member dueto load that result
in no appreciable lateral deflection; calculated by conventional elastic
frame analysis.

Cracking moment.

Factored end moments on a compression member which result in
appreciable lateral deflection; calculated by conventional frame
analysis.

Value of smaller factored end moment.
Value of the larger factored end moment.

Maximum differential pressure load generated by a postulated design
basis accident.

Axial tensile strength of concrete.
Pressure during the structural integrity and leak rate tests.

Factored axial load normal to the cross section.



Pressure load resulting from pressure variation either inside or outside
the containment

Percentage of tension stedl.
Percentage of compression stedl.

Pipe and equipment reactions generated by a postulated accident
used as a design basis and including R,

Pipe and equipment reactions during normal operating or shutdown
conditions, based on the mogt critical trandent or steady date
condition, excluding dead load and earthquake reactions.

Time-dependent factor for sustained load.

Thermal effects and loads generated by a postulated design basis
accident and including T,

Thermal effects and loads during normal operating or shutdown
conditions.

Thermal effects during test.

Factored torsional moment.

Factored shear force.

Shear resistance provided by concrete.

Shear resistanceprovided by concrete when diagonal cracking results
from combined shear and moment.

Factored horizontal shear strength of composite section.
Shear strength offered by shear reinforcement.
Loads generated by severe wind.

Crack width.
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X!

fij

Value of uniformly distributed load per unit length of beam and per
unit area of dab.

Loading effects due to missile generated by extreme wind.
Shorter overall dimension of rectangular part of cross-section.
Depth of neutral axis from the extreme compressive fibre.
Larger overall dimension of rectangular part of cross-section.

Jet impingement load on astructure generated by a postulated accident
used as a design basis.

Missile impact load on a structure, such as pipe whipping generated
by or during a postulated accident used as a design basis.

L oadson the structure generated by thereaction of broken high-energy
pipe during a postulated accident used as a design basis.

Distance from centroidal axis of gross section, neglecting reinforce-
ment, to extreme fibre in tension.

Bending moment coefficients in two-way dabs.
Ratio of the long side to short side of the footing, two-way dab.

Ratio of maximum factored dead load moment to maximum factored
total load moment, always positive

Partial factor of safety (load factor) for jth characteristic load inith load
combination.

Partial factor of safety appropriate to materials (materials factor).
Partial factor of safety for concrete.
Partial factor of safety for reinforcing stedl.

Moment magnification factor for frames, braced againgt sidesway to
reflect effects of member curvature between ends of compression
members.



Moment magnification factor for frames not braced against sidesway
to reflect lateral drift resulting from lateral and gravity loads.

Creep dtrain.

Concrete gtrain

I nstantaneous strain.

Steel gtrain

Shrinkagestrain.

Stress.

Load combination factor.

Factor to calculate long time deflection.

Diameter of reinforcing bars, Factor of safety for structural resistance
(resistance factor).

Temperature gradient.



CONTENTS

FOREWORD .....c.oieitiiitie sttt sttt ettt ettt te e ste e sta e ste e steesbeestaesreesraesreens
DEFINITIONS ..ottt st ettt ste e sraesreesreesreens
SYMBOLS e
1 INTRODUCTION ...ctiiiiieciee ettt sttt ste ettt sreesreesree s
T €7 1 1= - | R
12  Safety DeSign BasiS ....ccoveeiiiieiiieneece e
1.3 SCOPE ittt
14 QUALY ASSUFEINCE ....covueiiieiieriee ettt
15 Approva of Special Design and Construction Techniques..
1.6  Structure of the DOCUMENL ........cccevveiririiiniereenee e
2 GENERAL DESIGN REQUIREMENTS........ccoviieerene e
21 General REQUIrEMENES ....cccevueiiieiiiiie et
22 L0BAING ..ot e
A T \V - (= (- S
24 Methods Of ANAYSIS ...ccoieiiiiiiii e
25 Design Considerations Based on Structural Behaviour ........
26 DEAITING.....coiiiiriiiiie e

3. LIMIT STATE DESIGN OF NON-PRESTRESSED

REINFORCED CONCRETE STRUCTURES.........ccccoevvveienennn.
Bl GENEA oo e
3.2  Reguirement of Limit State Method of Design ...................
3.3  Structural Response Analysis for Limit States ....................
34  Design for Limit State of Strength.........occoveivievieiiienienn
3.5 Limit State of Strength : Flexure and Axial Force..............
3.6 Limit State of Strength : Shear and Torgon .........ccccccvenee.
3.7 Design for Limit State of Serviceability.........ccovvvrivnnnnnn
3.8 Design for Limit State of Stability ......cccovevviirieniiiieiien

0 00 NP WP

10
11
12
14
16
18

19
19
21
22
24
32
38
45
55



41
42
43
44
45

o [
Strength DeSION ..coveeviieiieiere e
Serviceability and Stability Requirements...........ccoceeveenieens

SPECIAL DESIGN REQUIREMENTS OF STRUCTURAL

ELEMENTS oottt
Bl A e
5.2 WES oo e
G T o 11 [0 1= 1 o < S
PRESTRESSED CONCRETE STRUCTURES..........ccocvvveieienen.
B.1  GENEaAl ..o
6.2  Limit State of Strength ..o
6.3 Examination of StreSSES ......ccccveveveieeiee e
6.4  Limit State of Serviceability .......cccocvviiviiiiiiii
6.5 Design for Limit State of Stability .......ccecvviiviiniiniiiie
6.6  Special Design ReqUIreMeNtS .........ovvvveerienie e
6.7  L0SSES Of PrestreSSing .....ccovveveereerienienie e
LIQUID-RETAINING STRUCTURES. .........cccocovevieveecee e
5 R €1 o o S
7.2  DeSgN BasiS....ccociiiiiiiiee e
7.3  Design ReqUIrEMENtS. .......ccoiviiieiiirie e
7.4  Limit State of Stability .....ccoovvvviiiiiiiie
PRECAST AND COMPOSITE CONSTRUCTION.........cccevuvenen.
8.1 GENEAl ....eiiiii e
8.2  Precast CONCrete SIrUCIUIES.......uvvveeieieeeeciiee e e siee e
8.3 Composite Structural Elements.........ccccoccevvveeeveeviee e
84  Composite Construction of Sted and Concrete Elements....

8.5

Composite Congtruction with Sted and Concrete for
Compression MeEmMbDErS .......ooiieiierieeeree e

57
57
57
61
61

63
63
65
69

72
72
73
75
76
76
76
77

83
83
83
85
91

92
92
92
94
97

97



APPENDIX-A : THERMALCONSDERATIONS.........ccccociiiieeeiee e, 100

APPENDIXB : ESTIMATION OF CREEPAND SHRINKAGE.............. 106
APPENDIX-C : ESTIMATION OF CRACKWIDTH .....cccocvviiiiiirenen, m
APPENDIX-D : EFFECTIVELENGTHOFCOLUMNS ........ccocviiiiieee, 113
APPENDIX-E : DETAILING OFREINFORCEMENTS..........ccocvvivirene. 117

APPENDIX+ : REQUIREMENTSFOR CONSTRUCTIONAND
EXPANSION JOINTS, EMBEDDED PIPES AND

PARTS . 138
APPENDIX-G : TEST FOR LIQUID-RETAINING STRUCTURES..... 143
APPENDIX-H : STRENGTH EVALUATION OF EXISTING

STRUCTURES.........ooi it 146

ANNEXURE | : CONSIDERATION OF IMPULSIVE AND

IMPACTIVE EFFECTS.....oi it 149
BIBLIOGRAPHY et 156
LIST OF PARTICIPANTS ...ttt 160
WORKING GROUP......cctiiiiiieititerie et 160

CODE COMMITEE FOR CIVIL AND STRUCTURAL

ENGINEERING (CCCSE) ....ccitiiitiiriienieeniie sttt sttt sttt st 161
SUB-COMMITTEE OF EXPERTS (SCE) ....coociiiiniiiieneeneeniee e 162
ADVISORY COMMITTEE ON NUCLEAR SAFTY (ACNS) .....ccccoe.e.. 163

PROVISIONAL LIST OF CIVIL AND STRUCTURAL
ENGINEERING STANDARDS, GUIDES AND MANUALS................. 164



11

111

1. INTRODUCTION

General

The requirements for design and detailing of concrete structuresimportant to
safety of Nuclear Power Plants (NPPs) arein somerespectsdifferent from those
of normal conventional structures. The Indian Standard (IS) codes do not cover
the special features related to safety demand of NPP structures. Keeping this
in view, generally, the design standards for concrete structures important to
safety, used in other countries, e.g. USA, Canada, France, etc. were adapted
alongwith IS codesand | AEA documentsin the engineering of previousIndian
NPPs. One vital question that arose was how to assure the compatibility of the
Indian material used in construction with the design specification of codesused
by other countries. The second important point was the integration of Indian
practice of design and construction with the codal requirements of other
countries. In 1990, the AERB therefore decided to prepare its own document
for design/detailing and construction of concrete structuresimportant to safety
of Indian NPPs.

The AERB therefore constituted a Code Committee for Civil and Structural
Engineering (CCCSE) which wasassigned to prepare design standards, guides
and manual s cons dering information on design specification of NPP structures
acceptable to the regulatory authorities of other countries. In the preparation
of thisdocument, codal provisions for the engineering of structuresimportant
to safety of NPP used in other countries and acceptable to their regulatory
authorities were examined with respect to the need felt in India.

The present document may be viewed asthe Indian design standard for concrete
structures important to safety of nuclear facilities. To prepare this standard,
CCCSE derived assistance from the following codes/standards:

(1) ACI (1985), Code Requirements for Nuclear Safety-Related Concrete
Structures (ACI349-85) and Commentary (ACI349-90) and Commen-
tary (ACI349R-85), American Concrete Ingtitute, Redford Station,
Detroit, USA.
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(4)

(%)

(6)

(7)

(8)

9)

(10)

BIS (1978), Indian Standard Code of Practice for Concrete Structures
for Plain and Reinforced Concrete (Third Revision), 1S:456-1978,
Bureau of Indian Standards, New Delhi.

BI1S(1981), Indian Standard Code of Practice for Prestressed Concrete
(Firgt Revision), 1S:1343-1980, Bureau of Indian Standards, New Delhi.

BSI (1985), British Standard, Structural Use of Concrete, Part-1, Code
of Practice for Design and Construction, BS8110, Part-I, British
Standard Indtitution, U.K.

BSI (1987), British Standard Code of Practice for Design of Concrete
Structures for Retaining Aqueous Liquids, BS8007:1987, British
Standard Ingtitution, U.K.

CSA (1984), National Standard of Canada, Design of Concrete
Structures for Buildings, CAN3-A23.3-M84, Canadian Standards
Association, Toronto, Ontario, Canada.

EDF-AFCEN (1989), Design and Construction Rules for Civil Works
of PWR Nuclear Idands, RCC-G Volume-1 Design, Electricite De
France, Paris, France.

JSCE (1986), Standard Specification for Design and Construction of
Concrete Structures, Part-1 (Design), First Edition, SP-1, Japan Soc. of
Civil Engineers, Tokyo, Japan.

SANZ (1982), New Zealand Standard Code of Practice for the Design
of Concrete Structures, NZS3101, Part-l, Standards Association of New
Zealand, Wellington, New Zealand.

SANZ (1982), Commentary on Code of Practice for the Design of
Concrete Structures, NZS3101, Part-11, Standards Association of New
Zealand, Wellington, New Zealand.
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The special functional and safety requirements of reinforced and prestressed
concrete structures important to safety of Nuclear Power Plants (NPPs) calls
for design criteriaover and above conventional structures. The Safety Standard
for Civil Engineering Structures important to safety of Nuclear Facilities,
(AERB/SS/CSE) describesthe philosophy, safety design approach, and design
requirements of civil engineering structures important to safety. The present
standard aims at tipulating the design requirements of concrete structures
important to safety of nuclear facilitiesin line with the stipul ations contained
in AERB/SS/CSE. Pressurised concrete reactor vessels and containment
structures are excluded from the scope of this standard, unless specified
otherwise. The design requirements for concrete containment structures are
covered in the standard on Design of Nuclear Power Plant Containment
Structures, (AERB/SS/CSE-3).

Safety Design Basis

The goal of nuclear safety, also important for safe design, is to protect site
personnel, public, and environment by establishing and maintaining an
effective safeguard againgt radiological hazards.

The structural system of concrete structures important to safety shall be so
designed as to serve the needs of safety functions in two ways. It supports,
houses and provides controlled environment for safe operation of plants,
systems and equipment such that no fault can occur due to the effects of site/
plant-specific Postulated I nitiating Events (Pl Es) which might otherwise have
caused release of radioactivity. Secondly, given a condition, the radioactivity
beyond structural boundary of the building is within prescribed limits under
normal operating conditionsand within acceptablelimitsduring and following
accident conditions.

Design bases of concrete structures important to safety shall specify the
necessary capabilities of plant structures to cope with a specified range of
operational statesto maintain the prescribed limit. The bases shall also specify
smilar capabilities with respect to accident conditions to maintain an
acceptable limit.
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Design criteria for a building/structure shall be derived from relevant safety
functions of that building/structure (refer Section 2.3 of AERB/SS/CSE).

Design criteria of concrete structures important to safety are divided into the
following categories:

(@  radiological protection;

(b)  serviceability; and

(c)  structural strength.

Inaddition, leak tightness of theliquid-retaining structures shall be considered.

Concrete structures shall be so designed for design loading conditions and so
congtructed that they are structurally safe, stable and capable of performing
the required safety functions throughout the planned life and until such time
as may be required after decommissioning the plant.

All concrete structuresimportant to safety shall be classified depending on the
required safety functionsto be performed by structures satisfying the provisions
of Sections 2.3 and 2.4 of AERB/SS/CSE. Thedesign conditionsand respective
load combinations are specified on the basis of their classifications. The
summary of classification of civil engineering structuresand the corresponding
design conditions with load combinations are given in Table 1.1.

Scope

Thisstandard describesthe acceptable design stipul ationsfor design classDC3
concrete structures(ref. cl. 2.4.10 of AERB/SS/CSE) which includetheinternal
structure of the reactor building and other buildings and structures important
to safety.

This standard covers:

(&  general design requirements;

(b)  limit state design method of RCC and prestressed concrete structures,
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(f)
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(h)
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allowable stress method of design;

special design requirements,

detailing;

design and testing of water-retaining structures,
precast and composite congtruction;
congtruction requirements; and

strength assessment of existing structures or its elements.

1.3.3 This standard does not cover the following unless specified otherwise:

@
(b)
(©)
(d)
(€

1.3.4 Thedata and relationships given in this document are only for the purpose of

pressurised concrete reactor vessd;

reactor containment structures;

design criteria with respect to radiation shielding;
irradiation effects on concrete structures; and

design of structures not important to safety.

guidance.

1.35 Safety assessment of other structures outside the plant area or site area such
asdams, sopes, etc. whose performance influence the safety of the plant shall

be carried out following the stipulations of this standard.

1.3.6 Thisstandard is applicable for nuclear power plant. However, other nuclear
installations, the failure of which may cause unacceptable radiological hazard

in public domain may also find the provisions of this standard useful.



TABLE11l. SUMMARY OF CLASSFICATIONS DESGN
CONDITIONS AND LOAD COMBINATIONS
FOR CIVIL ENGINEERING STRUCTURES

Design| Safety | Seismic Quality Design®? L oad®
Class | Class | Category Requirement Conditions| Combinations
DC1 1 1 Chapter-9 of Normal LC1, LC2
AERB/SS/CSE
Abnormal LC3, LC4,
LC5, LC6
DC2 2 1 Chapter-9 of Normal LC1, LC2
AERB/SS/CSE
Abnormal LC3, LC4,
LC5, LC6
DC3 23 1 Chapter-9 of Normal LC1, LC2
AERB/SS/CSE
Abnormal LC3, LC4,
LC5, LC6®
3@ 2 Chapter-9 of Normal LC1, LC2
AERB/SS/CSE
Abnormal LC4, LC5
44 2 Chapter-9 of Normal LC1, LC2
AERB/SS/CSE
Abnormal LC4
DC4 | NNS® 3

Note:

@
@

Ref. cl. 355 of AERB/SS/CSE,

Ref. cl. 3.2.2 of AERB/SS/CSE or cl. 2.1.3 of this standard,
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(3) This load combination is applicable only for internal structures of reactor
building,

(4) Structures which do not perform the safety functions associated with supporting
the core cooling systems and other systems related to safe shutdown of reactor
or prevent/mitigate the consequences of accident which could result in potentia
off-site exposure comparable to relevent AERB guidedines. This class also includes
structures of nuclear facilities with limited radioactive inventory whose
functioning shall be maintained in the event of the design basis ground motion,

(5) Structures of nuclear facilities with limited radioactive inventory whose loss of
function may be permitted but should be designed against collapse in the event
of design basis ground motion. Lower safety level for load combinations LC2 and
LC4 (smaller load factors for limit state design or plastic design and higher
allowable stresses in allowable stress design method) is allowed for these
structures,

(6) Non-nuclear services not important to safety should meet the design
requirements as per relevant national standard engineering practices,

(7 Design requirements should be as per the rdlevant AERB standards/guides (ref. 3.5
of AERB/SS/CSE).

Use of the Standard

This standard shall be used in conjunction with the Safety Standard for Civil
Engineering Structures Important to Safety of Nuclear Facilities
(AERB/SS/ICSE) and other relevant AERB safety codes and guides, Code of
Practice for Plain and Reinforced concrete (1S:456), Code of Practice for
Prestressed Concrete Structures (1S:1343) and other relevant Indian standards
published by Bureau of Indian Standards (B1S). Theprovisioninthisstandard
will have precedence over corresponding provisions contained in the relevant
I'S codes and standards.

Quality Assurance
Compl ete quality assurance programmefor design and construction of concrete
structures important to safety shall be developed in line with chapter-9 of

AERB/SS/CSE and highlighting the documentation as per 1.4.2.

Design Documentation
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(b)

(©
(d)

The analysis and design of the structure shall be well documented and
prepared and shall include reasonabl eness and basis of all assumptions
made in the analysis and design methods. The source of input data
used in calculations should be adequately referenced so that all data
isreadily traceable. The design document should include analysisand
design assumptions, sketches, input data, output results and other
item as may be deemed fit,

The design shall be independently checked and certified by competent
persons as per safety importance of component/system,

Model tests, if performed, should be suitably documented,

Structural drawings, details, and specificationsfor all design classDC3
structures, shall be approved and signed by the authorised engineer and
retained by the owner, as permanent record.

Approval of Special Design and Construction Techniques

For novel or unproven methods of analysis, design and construction or for use
of gpecial construction materials (not covered in this standard), prior approval
shall be obtained from AERB after ensuring comparable safety.

Structure of the Document

This standard comprises 8 chapters, 8 appendices and 1 annexure. Each
chapter is divided into Sections and further subdivided into paragraphs or
clauses.

Chapter-2 :  General design requirements

Chapter-3: Limit dtate design of non-prestressed reinforced concrete

structures

Chapter-4 :  Allowable stress design method

Chapter-5:  Special design requirements of structural elements

Chapter-6 :  Prestressed concrete structures

Chapter-7 :  Liquid-retaining structures



Chapter-8: Precast and composite construction

1.6.3 Appendix-A: Thermal considerations
Appendix-B: Estimation of creep and shrinkage
Appendix-C: Estimation of crack width
Appendix-D: Effective length of columns
Appendix-E: Detailing of reinforcements

Appendix-F: Reguirements for construction and expansion joints, embedded
pipes and parts

Appendix-G: Test for liquid-retaining structures

Appendix-H: Strength evaluation of existing structures
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Annexure-l: Consideration of impulsive and impactive effects
2. GENERAL DESIGN REQUIREMENTS

General Requirements

Thedesign class DC3 structures may be of different safety classifications. The
same level of safety in terms of load factors and strength factors, or factor of
safety is provided for safety classes 2, 3 and 4 concrete structures in this
standard for design excepting the provision of clauses 3.4.11 and 4.2.6.
However, a variable level of safety in designing these class DC3 concrete
structures depending on safety classification is acceptable provided the safety
equation of Annexure-l of AERB/SS/CSE is satisfied.

All structural eements should be cagt-in-situ except e ementslike hatch covers
and lintels where precast construction is permissible. However, precast
congtruction of other structural elements is acceptable if provison of
section 1.5 is complied with.

Design Methods

Only limit state and all owabl e stress design methods are acceptabl e unless other
methods are acceptable to the regulatory body. The sructure shall be
designed to withstand safely all oads (due to normal and abnormal condition)
liableto act onit through out itslife for the following design conditions (ref.
cl. 3.2.2 of AERB/SS/CSE):

(@  Normal Design Condition which includes load combinations LC1 and
LC2, i.e. norma and severe environmental load combination
respectively,

(b)  Abnormal Design Conditions which include load combinations LC3,

LC4, LC5 and LCS6, i.e. extreme environmental, abnormal, abnormal -
severe environmental, and abnormal extreme environmental |oad

10
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combinations respectively.

For both limit state and allowable stress design methods, the design shall
satisfy the strength and serviceability (such as limitations on gress,
deflection, cracking, etc) requirements specified for design conditions given
incl.2.1.3.

Design requirements for reinforced and prestressed concrete structures shall
comply with the following clauses in addition to 1S:456, 1S:1343 and other
relevant 1S Codes. The provision of this standard will have precedence over
the corresponding provision of 1S standard.

Impulsive and I mpactive Effects

Information regarding design consi deration of impulsive and impactive effects
isgiven in Annexure-l.

Strength Evaluation of Existing Structures

Strength of existing structures should be evaluated using the methodol ogy
described in Appendix-H.

L oading

Structures shall be designed to resist all applicable loads described in
Appendix-A of AERB/SS/CSE.

Live Load Pattern

Live load should be considered to be applied asto produce the worst effect
on the member.

1
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Reduction in magnitude of live load is not permissible except in calculating
inertia masses due to live load for seismic analysis.

Materials

Use of light weight concrete is not allowed in structural elements of NPP.
All material s specified in design and used in construction of concrete structures
important to safety shall comply the requirement of AERB safety guide
Material of Construction for Civil Engineering Structures Important to Safety

(AERB/SG/CSE-4).

Grade of sted reinforcement shall not be more than Fe 415.

The minimum| grades of concrete shall be;

Site Reinfarced Prestressed
concrete structures concrete structures

Inland site M25 M35

Coadtal site M30 M40

In no case, the grade of concrete for any structure or part of structures shall
be leaner than that specified in |S: 456/1S:1343 for different types of exposure
conditions.

Creep and Shrinkage

Recommended methodol ogy to determine the creep coefficient and shrinkage
strains are given in Appendix-B.

Coefficient of Thermal Expansion

In the absence of actual data, the coefficient of thermal expansion for concrete
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may be taken as per values specified in 1S:456 for ordinary concrete. For
heavy concrete the same may be taken as 1.1 x 105 per °C.

Modulus of Elagticity
Modulus of dagticity isnormally related to compressive strength of concrete.
In the absence of test data, the modulus of elasticity for structural concrete may

be taken as per the value specified in 1S:456.

For heavy concrete made with naturally occuring aggregates, similar valuesas
for normal concrete, as given above, may be used.

Modulus of Rupture
Flexural and split tensile strengths shall be obtained asdescribed in 1S:516 and
1S:5816 respectively. In the absence of test data, modulus of rupture may be
estimated using following expression:

fo = 07 fy (N/mme)
where fy is the characteristic compressive strength of concrete in N/mm?2.

Poisson’s Ratio

In the absence of test data, Poisson’sratio of structural concrete may be taken
as 0.20.

Age Factor

2.3.10 The strength of concrete increases with its age. In the case of retrofitting

analysis of existing structures the increase in concrete strength can be
considered when structures satisfy the criteria given in AERB/SS/CSE. In the
design of new structuresfor strength, the increase in strength due to age need
not be consdered. However, in calculating deflection the effect of age is to
be considered.

Durability
13



2.3.11 All provisons gpecified in 1S:456 with respect to durability of concrete

structures shall be adhered to.

2.3.12 Durability of concretein astructureisitsresistanceto the deteriorating effects

of itsenvironment. In particular, the concrete should be resistant to the action
of chemicals, alternate wetting and drying, freezing and thawing cycles, etc..

2.3.13 Air entraining agents should be used in freezing and thawing exposures.

Resistance to chemical attack can be improved by using good quality concrete
with types of cement that can improve chemical resistance and provide a
smooth surface finish. Care should also be taken to provide adequate cover
for reinforcement and to use fittings and embedded items that do not corrode
and cause damageto the concrete. Filling and patching of tie holesis necessary
to ensure long-term durability of the concrete.

2.3.14 Improved workability, lower water-cementitious material ratio, corrosion

resistance and increased resistance to sulphate attack may be derived from
proper use of a good quality mineral admixture in the concrete mix. The use
of a sulphate-resistant cement may also be considered when sul phate-resistant
concrete is principally required.

2.3.15 Adequate provisions should be madeto avoid damage dueto floods, rain, snow,

24

and freezing and thawing. In some cases, adequate durability can be obtained
only by use of special protective barriers. Structures subject to movement of
liquids should be resistant to erosion.

Methods of Analysis

24.1 Thegeneral requirementsof structural analysisaregivenincl. 3.5.1 and 3.5.2

of AERB/SS/CSE. For response analysis corresponding to limit state method
of design, Section 3.3 may be referred.

Redistribution of Negative Moments in Reinforced Concrete Beams

242 (&) Negativemomentscalculated by dagtic theory at supportsof continuous

flexural membersfor any assumed loading arrangement may each be

14
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increased or decreased by not more than 10%, except where
approximate values for moments are used,

(b)  Modified negative moments shall be used for calculating moments
at sections within the spans.

Span Length

Span length of members, not built integrally with supports, isto be considered
as clear gpan plus depth of member but need not exceed distance between
centres of supports.

In smplified analysisof framesor continuous construction for determination
of moments, span length is to be taken as the centre-to-centre distance of
supports. However, for beams built integrally with supports, moments at
faces of supports may be used for design.

Stiffness

Reasonable and consistent assumptions should be adopted throughout the
analysis for computing giffnesses of members.

Flexural stiffness of members may be based on the moment of inertia of the
section determined on the basis of any one of the following assumptions:

(@  Gross Section . the overall cross-section of the member
ignoring reinforcement;

(b)  Transformed section : the concrete cross-section plus the area of
reinforcement transformed on the basis of
modular ratio;

(0  Cracked section . the stiffness parameters shall be based on

15
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moment curvature diagrams.

The assumption made in calculating stiffness shall be consistently followed.
Design Considerations Based on Structural Behaviour

Critical Sections for Moment and Shear

For beams built integrally with supports, moments at faces of supports may
be considered for design.

For non-prestressed members, sectionslocated |essthan a distanced from face
of support may be designed for the same shear force as that computed at a
distance d.

For prestressed members, sections located less than a distance h/2 from face
of support may be designed for the same shear force asthat computed at a
distance h/2.

Maximum factored shear force at supports may be computed as stated above
only when both the following conditions are satisfied,

(@  supportreaction, indirection of applied shear, introducescompression
into the end regions of member,

(b)  no concentrated load occurs between face of support and location of
critical sections defined above.

In the analysis for determining design moments and axial forces, special
attention should be given to loading patterns which will yield the critical
design condition.

Columns

Inframesor continuous construction, consideration should be given to the

16
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effect of unbalanced floor or roof loads on both exterior and interior columns
and of eccentric loading due to other causes.

T-Beam and L-Beam

In T-beam construction, the flange and web shall either be built integrally or
otherwise effectively bonded together. The flange width of T-beam or L-beam
should be calculated as per 1S:456 and should satisfy the following:

(@  For the beam to be effective as a T-beam, flange width beyond the web
on either side shall not be taken exceeding 8 times the dab thickness,

(b)  For the beam to be effective as L-beam, flange width beyond web shall
not be taken exceeding 6 times the dab thickness.

Effect of Floor Finish

A floor finish shall not be included as part of structural member unless cast
monolithically with thefloor dab or designed in accordance with requirements
of composite construction.

Stability of Structures

The requirement of AERB safety guide, Geotechnical Aspects for Buildings
and Structures Important to Safety of Nuclear Facilities (AERB/SG/CSE-2)

shall be satisfied to ensure overall stability of structures.

Fire Resistance of Structures

2.5.10 Adequate fire protection should be provided through the use of fire resistant

construction. Any new construction material should be qualified for desirable
fire resistance properties before its adoption in design and construction.

2.5.11 Protection of reinforcing steel in reinforced concrete construction is achieved

by providing suitable concrete cover to the members as given in Appendix-E.
When clear cover isrequired to be more than 40 mm for fire protection, wire
mesh shall be provided.

17



2.5.12 Monolithic concrete floor finishes may be considered as part of required cover
or total thickness from fire resistance considerations.

25.13 Theminimum requirementsof fire protection shall comply withcl. 3.8.2, 3.8.3,
3.8.4 of AERB/SS/CSE and with Code of Practicefor Fire Safety of Buildings
(general) : Materials and Details of Congtruction, (1S:1642).

2.6 Detailing

2.6.1 Designand detailing of construction/expansion joints should be in accordance
with Appendix-F.

2.6.2 Detailing of reinforced concrete members shall be so devel oped that by virtue

of it, maximum ductility isimparted in the structure. Appendix-E describesthe
suitable detailing of reinforced concrete structures.

18
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3. LIMIT STATE DESIGN OF NON-PRESTRESSED
REINFORCED CONCRETE STRUCTURES

General

The acceptable limit for safety, serviceability and other requirements is called
a “Limit State’. The provision of this standard aims at achieving the design
with acceptable probabilities that the structure will not become unfit for the
usefor whichitisintended, thatis, it will not reach any of thelimit states.

In the limit state design method the structure shall be designed to ensure an
adequate safety and serviceability, stability, etc. for all relevant limit sates. In
general, the structure shall be designed on the basis of the most critical limit
state and checked for other limit states.

Limit State of Strength

Thelimit state of strength of the structure or part of thestructure corresponds
to the state in which the structure or part thereof actually collapses or becomes
unfit for usage. Separate limit states of failure in respect of strength in
compression, flexure, shear, torson or combined effects, are defined by
different requirements of sectional capacities.

In the case of design for limit state of strength all structures and their parts
shall be designed for the following limit state of strength, unless specified
otherwise:

- flexure;
- axial force
- axial force and flexure;

- shear;

19
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- torsion; and

- shear and torsion.
Limit State of Serviceability

The limit state of serviceability of the structure or part of the structure
correspondsto the state in which the structure or part thereof will have deflected
or deformed or cracked to an extent that would prevent proper functioning of
contained or nearby systems, jeopardise systemsor other structures, or in any
way impair the intended use of the structure or structural member.

In the case of design for limit state of serviceability, the following limit states
shall be considered, unless specified otherwise:

- deflection; and

- cracking.

Limit State of Stability

The limit state of stability of structure corresponds to the following states of
the structure;

(@ Rigid body movement of the overall structure under the action of
destabilising force;

()  Movement of the part of structures or whole structures due to elastic

instability.

Inthe caseof design for limit state of stability (rigid body movement of overall
structures) the following limit states shall be considered, unless specified
otherwise:

- overturning;
- flotation; and

- diding.

Other Limit States



319 Depending on the design requirements, structures may be designed for any
other relevant limit states (such as collapse mechani sm, fatigue, etc.) inaddition
to those specified in cl. 3.1.3 to 3.1.8. In such cases al the additional limit
states appropriate to that structure shall be considered.

3.1.10 In the case of design for other limit states, the design requirements of limit-
state with respect to structural response shall be specified.

Characteristic Values of Strength and Load

3.1.11 Characterigtic strength meansthat value of the strength of the material below
which not more than 5% of the test results are expected to fall.

(@  Thetypical characteristic strength for different concrete grades should
comply with AERB/SG/CSE-4;

(b)  Thecharacterigtic strength of reinforcing steel and prestressing stedl is
the yield stress corresponding to 0.2% residual strain for high strength
deformed bars and yield stressin case of mild steel as specified in the
AERB/SG/CSE-4 or equivalent 1S Code.

3.1.12 The characteristic load is the value of the load which has a 95% probability
of not being exceeded during thelife of astructure. 1nthe absence of adequate
data, the dead loads worked out on the basis of |S:875-part | and other loads
on the basis of Code of Practice on Design for Safety in Pressurised Heavy
Water Based Nuclear Power Plants (AERB/SC/D) and Code of Practice on
Safety in Nuclear Power Plant Siting (AERB/SC/S) can be assumed as
characterigtic load.

Reinforcement Detailing

3.1.13 Reinforcement detailing shall be done following good engineering practices
and the guidelines given in Appendix-E.

3.2 Reguirement of Limit State Method of Design

21
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The design shall satisfy the requirement of limit state by complying with the
following criteria:
Fa< Rg. 31)

where,

F = design value of structural response for a particular failure mode of a
given limit state (ref. cl. 3.1.3 through 3.1.10),

Ry =design value of resistance of members or the structure against failure
maode of the given limit state considered in the design or the limiting
value of design state under consideration, and

= resistance factor.

The structural response for ith load combination is given by the following
expression:

Fai = Fs (Fg) (3.2)

where,

F{Fgq) =  Structural response determined by structural response analysis
for ith load combination F;.

Fai = i 1 Fi (33

where,

i = load combination factor,

fj =partial safety factor of load (load factor) for j individual load in it
load combination, and

F. = jth characteristics load for ith load combination.

1

Structural Response Analysis for Limit States
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331 Structures shall be analysed using appropriate method for factored load
depending on the limit states under consideration.

332 (1)

(2

333 (1)

(2

334 (1)

(2

3

For structural analysis appropriate models are selected corresponding
to geometry of structures, support conditions, loads and limit states to
be examined;

The structure may be analysed by assuming models such as dabs,
beams, frames, etc. and their combination corresponding to their
geometry.

For gtructural analysis, loads may be modelled to give equivalent or
conservative effects by smplifying load distribution or by replacing
dynamic loads by static load;

Thermal loading should be considered in the design using the
methodology given in Appendix-A.

Linear analysis shall be performed for structural response analysis for
the design of new plant and except as permitted in cl. 8.3.2 of AERB/
SS/CSE,

For linear analysis, stiffness properties shall be calculated complying
with requirements of cl. 2.4.5 and 2.4.6,

In case of structural response analysis for limit states of serviceability,
the following shall be considered:

(@&  lrrespective of the assumption made in calculating stiffness for
response analysis, the member forces associated with tempera-
ture changes and drying shrinkage may be obtained by taking
into account the giffness deterioration of members due to
cracking;

(b)  In computing the deflections and deformations of concrete
gtructures the effects of iffness deterioration due to cracks,
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34

341

342

343

drying shrinkage and creep, shall be taken into account.

To assess the safety of the existing structures, the strength can be evaluated
corresponding to the collapse or partial collapse of the structure:

(1)  Nonlinear structural analysis may be adopted provided the provisions
of chapter-8 of AERB/SS/CSE are satisfied;

(2) Strength of existing structure by testing should be assessed in
accordance with Appendix-H.

Member forces such asflexural moments, shear forces, axial forceand torsional
moment should be computed by appropriate analytical theories corresponding
to limit states.

Design for Limit State of Strength

In designing structures or its parts for the limit states of strength as specified
in Section 3.1, the provision of Indian standard Code of Practice for Plain and
Reinforced Concrete (1S:456) should be adopted when no other guidelines are
available. The methodology described in 1S:456 is directly applicable to the
design for limit state of strength corresponding to normal design condition.
While designing for abnormal conditions, appropriate design charts, graphs,
and equations should be used considering appropriate partial safety factor for
materials.

Unless specified otherwise, thevalue of  in equation (3.1), if considered
in design shall be taken as follows:

= 1.0 for normal design condition; and

= 0.87 for abnormal design condition.
Loads for Limit State of Strength
Structuresand structural members should be designed to have design strengths

(determined according to thelimit state of strength) at all sectionsat least equal
to the required strengths calculated for factored loads and forces in such
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combinations as stipulated for loads in cl. 3.4.5 through 3.4.10 and as
combined in accordance with the provisions specifiedin cl. 3.4.11 and 3.4.12.
344 (@ The loads as mentioned in this section should mean loads and/or
related internal moments and forces due to effects of stipulated load
described in AERB/SS/CSE. The effect of earthquake on structures, in
accordance with AERB/SS/CSE, shall be considered in the design. For
a detailed description of individual loadings given in the following
clauses, Appendix-A of AERB/SS/CSE shall be referred.

(b) In the design, the effects created by application of loads and its
interaction with the structure should be considered. The structure
response due to effects arising from other forms of vibration, impact,
differential settlements, creep, shrinkage and any type of transients
should also be considered.

3.45 Norma Loads

DL dead load,

H lateral earth pressure,

LL live load,

P, pressure loads resulting during normal operating condition,

P, test pressure,
T thermal effects during tet,

Ry pipe and equipment reactions during normal operating or shutdown
conditions,

To thermal effects and loads during normal operating or shutdown
conditions, and

F loads resulting from application of prestress.

3.4.6 Dynamic effects of live load should be considered in the analysis. In cases
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where a detailed dynamic analysisis performed for crane systems, elevators,
or other moving machinery, the resulting load with dynamic amplification
should be used. If such an analysisis not performed, the following increases
over dtatic effects should be used to account for the dynamic effects.

- for supports of elevators 100 %

- for cab operated travelling 25 %
crane, support girders and
their connections.

- for pendant operated 10 %
travelling crane, support
girders and their connections.

- for supports of light not less than
machinery, shaft, or motor 20 %
driven equipment.

- for supports of reciprocating not less than
machinery or power-driven 50 %.
units.

- for hanger supports 33 %

Crane Runway Horizontal Forces

In addition to the above, the horizontal forces on the crane runway should be
considered in LL. Theselateral forces on the crane runways due to the effects
of moving cranetrolleys should, if not otherwise specified, be 20% of the sum
of the weights of the lifted load and that of the crane trolley, but exclusive of
other parts of the crane. The longitudinal forces should, if not otherwise
specified, be taken as 10% of the maximum wheel loads of crane applied at
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349

the top of the rail.

Severe Environmental Loads

E, loads generated by operating basis earthquake,
WC loads generated by severe wind, and
FF loads resulting from design basis flood.

Extreme Environmental Loads
Es loads generated by safe shutdown earthquake, and

W, wind-induced missile load generated due to extreme wind.

3.4.10 Accidental Loads

Fn hydrostatic load due to internal flooding,
MA load and other effects of aircraft impact,
ME load of missiles due to external events other than those related to

wind or tornado, explosionsin transportation systems, disintegration

of turbine and other components,

MI loading due to internal missiles,

MT loading due to missiles, wind and overpressure generated from
explosions in transportation systems, on land, water or in air,

Mt loading effect of turbine missile,

P, maximum differential pressure load generated by postulated design
basis accident

R, pi pe and equi pment reactions generated dueto design basisaccident,
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Y,

Y,

r

thermal loads generated due to design basis accident.
jet impingement load,

impact load such as pipe whipping, and

reaction due to broken high-energy pipe.

Load Combinations and Partial Factor of Safety for Loads (Load Factors)

34.11 (a)

(b)

(©)

(d)

(€

(f)

(¢)]

Unless specified otherwiseload combinations[ref. equation (3.3)] given
in Table 3.1 shall be used,

Load combination No.18 of LC6 applies for internal structures of
reactor building,

For safety class 3 and design class DC3 structureswhich do not perform
the safety functions associated with supporting the emergency core
cooling systems and other systems related to safe shutdown of reactor
or to prevent/mitigate the consequences of accident which could result
in potential off-site exposure to relevant AERB guidelines, applicable
load combinations do not include LC3 and LC6,

For safety class4 structures applicableload combinationsare LC1 and
LC2. The value of load combination factor ; for load combination
numbers 7 and 9 for load combination type LC2 is 0.75,

Structural response should be evaluated both for short-term and long-
term (considering the creep effect) for all applicable load combination,

Effects due to shrinkage and heat of hydration could be considered as
DL. While these effects are taken in load combination Nos. 1,3, 7 the
load combination factor ; shall be taken as 0.75 to obtain the design

value,

Wherever applicable, the impact effect of moving load should be
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3.4.12

included in live load.
Loads for Special Cases

Concrete structures, which by themselves are not classified as nuclear safety-related, but
the deformation/collapse of which may cause damage to nearby nuclear-safety-related
structures and components, should be evaluated for acceptable deformation/no collapse

under the abnormal design conditions.

TABLE 3.2 : PARTIAL FACTOR OF SAFETY FOR MATERIALS FOR
LIMIT STATE OF STRENGTH

Design Ym
Condition Concrete (y.) Steel (vs)
Normal
1.5 1.15
Abnormal 1.3 1.0

TABLE 3.3: EXPRESSIONS OF R (fi) FOR LIMIT STATE OF

STRENGTH
Material Limit States R( fk)
Concrete Direct compression 0.6 fck
Flexure compression 0.67
Direct tension 0.35
Y%
Flexure tension 0.55(fck)
Shear Ref. cl. 3.6.2
Bond®:Deformed bars %
in tension 0.6(fck)
:Plain bars in tension %
0.4(fck)
Steel All limit states fy y
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Note (1) For bars in compresson, these values should be increased by 25%.
Design Strength and Partial Factor of Safety for Materials (Material Factors)

3.4.13 Design value of strength for a given limit state of strength is expressed by the
following :

Ra = Rs (Ry), (34)

where,

Ry(Ry) = computed resistance for member cross section which is
determined from Ry,

Ry = (I ) R(fy, (35)
m = partial factor of safety for materials given in Table 3.2,
R (f) = expression of respective material strength under considera-

tion and is expressed in terms of f,. (ref. Table 3.3), and
fi = characteristic strength of materials.

Valuesof |, aregivenin Table 3.2 and shall be applied to relevant material
strength denoted by R(f,) given in Table 3.3.

3.5 Limit State of Strength : Flexure and Axial Force

3.5.1 Structural elements shall be designed for all forces induced due to external
loading effect irrespective of their disposition as memberslike beam, columns,
dabs, etc..

3.5.2 For flexure members and for members subjected to combined flexure and
compressive axial load, when the ultimate axial load (P,) is less than
0.1 fy Ay, the tensile reinforcement provided should satisfy the following:
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P < 0.75 py, (3.6)
where,
Py = percentage of tensile reinforcement provided, and

Pp = percentage of tensile steel for cross-section when tension steel reaches
the strain corresponding to its yield strength and concrete reaches the
limiting strain level smultaneoudly.

The p, valueis calculated using stress strain relationship given in 1S:456 and
taking the value of .
reinforcement, the portion of py, equalised by compressive reinforcement need
not be reduced by factor 0.75.

and ¢ as unity. For members with compression

Moment Magnification for Flexural Members

In frames not braced against lateral deflection flexural member shall be
designed for the total end moment (M;) as given below:
My = Mpg +

M (3.7)

ss

where, M, s and Mg are calculated for all the compression members at the
joint. gand Mgaredefinedincl. 3.5.7. M, isthe factored end moment due
to load that results in no appreciable lateral deflection, calculated by
conventional elastic frame analysis.

(This clause is not applicable when structural analysis is done taking into
account the influence of axial load, variable moment of inertia on member
gtiffness and fixed end moments, effect of lateral deflection on moment and
forces, and effects of duration of loads).

Limit State of Strength : Axial Force
When a member is subjected to axial tension, the tensile capacity of the

concrete shall be neglected and, the design reinforcement shall be calculated
from the following expression.
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Pu= (Pyq/100) (fy/ o), (3.8
where P, is the factored axial load (tensile), fy is the strength of
reinforcement and pyq is the percentage of steel to be provided. Partial factor
for safety steel of reinforcing 4 isgivenin Table 3.2. However, depending
on crack control and other serviceability requirements (if any), suitable higher
value of ¢ should be taken.

Limit State of Strength : Combined Flexure and Axial Force
Effective Length of Compression Members
The effective length () of column is determined from
les = K¢, (3.9)

where,
I is the unsupported length of column, and

k is the effective length factor (ref. Appendix-D)
Consideration of Slenderness Effects

(@  For compresson members braced against lateral deflection the
denderness effect may be neglected in cl. 3.5.8 when the denderness
ratio satisfies the following relationship:

Ki/r <34 12 (M/M,) (3.10)

where (ki /r) is the denderness ratio, r is the radius of gyration and
M, and M, are as defined in cl. 3.5.7.

(b)  For compression member not braced against lateral deflection, the
denderness effect may be neglected when



©

(d)

(Klo/r) <22.

(3.11)
For compresson members not braced against lateral deflection and
denderness ratio greater than 22, the denderness effects can be
considered, using provisions specified in cl. No(s) 3.5.8; 3.5.9 and
3.5.10,

For all compression members with kl./r > 100 the design forces and
moments should be determined from an analysis of structure
consideringthe P-  effect.

3.5.7 Calculations of End Moments, M; and M.,

D

2

For compression membersin a frame braced against lateral deflection
M, istaken asthelarger end moment from aconventional frameanalysis
and M, thesmaller. In such frames|lateral drift effects can be neglected
in the design of compression membersand (Mggivenincl. 3.5.3 can
be taken as zero provided that the lateral load in the direction under
congideration isresisted by a primary lateral load-carrying member or
members extending from the foundation to the upper extremity of the
frame.

For compresson members in a frame not braced against lateral
deflection, the calculation of the end moments M, and M, are based
on two cases of lateral deflection for the frame, as follows:

(&  For combinations of vertical load which do not produce
appreciable lateral deflections, M, is taken as the larger end
moment, from a conventional frame analysis, and M, thesmaller,

(b)  When appreciable lateral deflectionsresult from combinations
of vertical load, or combinations of vertical and lateral load, M,
and M, aretaken asthelarger and smaller end moments obtained
by combining the moments, M,, plus the magnified moments,

sMg. where M, sisthefactored end moment on a compression
member due to load that result in no appreciable lateral
deflection calculated by conventional elagtic frame analysis.
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Appreciable lateral deflection means;, lateral deflection > L /1500

M is factored end moment on a compression member due to loads
which result in appreciable lateral deflection, calculated by conven-
tional elagtic frame analysis. The lateral drift effect (Mg shall be
calculated as per cl. 3.5.10.

3.5.8 Member Stability Effect

D

(2

Compression members shall be designed using the factored axial load,
P, from an el astic analysis and a magnified factored moment M. defined

by

Mc= pM,, (3.12)
where,

b= Cp) /[1- P,/ mPJl> 10, (3.13)
where,

- = 0.65, and
P.= Z2E kY2 (3.14)

In Equation (3.14) k shall be computed for braced member according
to Appendix-D.

Inlieu of amore accurate calculation, El in equation (3.14) may betaken
as either

El = (0.2E Iy + Edg) L+ ), (3.15)

or conservatively,



3

El = 0.25E_I

clg (3.16)
where,

I, = moment of inertia of gross section about centroidal axis
negl ecting reinforcement,

le. = moment of inertia of reinforcement about centroidal axis of
member cross section, and

4 = Absolute value of ratio of the maximum factored dead load
moment to the maximum factored total load moment.

In equation (3.13) the value of C,,, shall be taken as follows:

(&  For members without transverse loads between supports.
C,=06+04 M,/ M,), (3.17)
but not less than 0.4.

(b)  For all other cases C,,, shall be taken as 1.0.

3.5.9 If computations show no moment at both ends of a compression member in
a frame or that the computed end eccentricities are less than the minimum
stipulated eccentricity as in 1S:456, M, in equation (3.12) should be based
on the stipulated minimum eccentricity about each principal axis separately.
The ratio M,/M, in equation (3.17) shall be determined by either of the
following:

D

(2

when computed end eccentricities are less than stipulated minimum
eccentricity computed end moments may be used to evaluate M,/M, in
equation (3.17); or

if computations show that there is essentially no moment at both ends

37



of a compression member, the ratio M,/M, is taken as equal to 1.0.

35.10 Lateral Drift Effect

3.6

361

36.2

The magnified moment for lateral drift, Mg referredin cl.3.5.3 and 3.5.7
should be calculated using a second-order analysis using appropriate values
of member stiffness or shall be based on

Mg = {1 P,( m PI} Mg> M. (3.18)
In calculating P, in equation (3.18), k shall be computed according to
Appendix-D for unbraced condition. P, and P.arethesummationsfor all
the columns that are rigidly attached to beams or footings offering restraint
in the storey under consideration. The value of |, is 0.65.

Limit State of Strength : Shear and Torsion

In the design of members, shear force and torsional moment shall be treated
simultaneoudy alongwith other forces if they act together.

Design Shear Strength
The design shear strength of concrete . is expressed as follows:
= U o) Ry, (3.19)
where,
R(f) = [0.18  (fy)] (320)
inwhich is given below:
(1)  for member subjected to shear and flexure,

=1, and
(2)  for members subjected to shear and axial tension
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=1-(P,/P), (3.21)
where P, isthe factored axial force normal to the cross sectional area
of the members acting simultaneously with the factored shear force V,,
under consideration, and P isthelimiting axial tensile strength of the
section without considering reinforcement. Both P, and P, are positive
for tension. In calculating R, the influence of the co-existing flexural
moment shall be taken into account. Alternatively, P may betaken as:

P, = [0.35 (fy)”] b,d. (3.22)
(©0  For member subjected to shear and axial compression
= 1+ 3P,/ Ayfy) subjectto <15 (3.23)

in which P, is the factored axial force as defined in (2) above and
positive when compression.

Maximum Shear Strength

When the nominal shear stress |, [where = V,,/ (b,,d)] of amember exceeds
o reinforcement for shear and torsion or their combination shall be provided.
However, |, shall not exceed 5, Which is given by

emax = (U ) [0.88(f)"]. (3.29)

In case nominal shear stress ,, exceeds the cross-section of the member

shall be changed.

cmax

Shear Reinforcements

When shear reinforcements are required, they shall be designed by satisfying
the following condition:



V<V, (325
where,
\'A =  Total shear resistance of the section
= Vot Vg (3.26)
Ve =  Shear resistance provided by concrete
= Db (3.27)
Vs =  Shear resstance offered by reinforcement, and
c = Design shear strength of the concrete and is given by
equation (3.19).
Torson

3.6.5 Indesignfor torsion of reinforced concrete structurestwo conditions may arise:

(&  Equilibriumtorsion, i.e. the torsional moment which is applied on the
gtructure. Thistorsional moment must be resisted in order to maintain
the force equilibrium of the overall structural system,

(b)  Compatibility torsion, i.e. thetorsional moment induced in the members
of datically indeterminate structures to maintain the deformation
compatibility of the structures.

3.6.6 Inthecaseof equilibrium torsion, the membersshall be designed for full value
of torsion. Inthiscasethetorsional moment on membersdueto applied forces
shall be determined using total torsional stiffness of the members determined
for uncracked condition. When cracked section is considered for flexural
stiffness, torque-twist diagram should be used for torsional stiffness calcula-
tion.

3.6.7 Inthe case of compatible torsion, the torsional moment on the member may



be determined using a torsional giffness value which is 20% the torsional
gtiffness value of the member calculated for uncracked section. Thistorsional
gtiffness value shall be used in the structural analysis along with flexural
gtiffness values calculated for uncracked section.

3.6.8 Torsiona effect shall be included in the design when,
Ty > (U ) [0.5(f )" (U3)( *y), (3.28)

where, T, isthe factored torsional moment, x is the shorter overall dimension
of rectangular part of cross section, y is the longer overall dimension of
rectangular part of cross section and X2y is the torsional section properties
and are calculated as follows:

0] For memberswith rectangular or flanged section,  x2y istaken for the
component rectangles of the section, but the overhanging flange width
used in design shall not exceed three times the flange thickness,

(i) A rectangular box section may be taken as a solid section provided the
wall thickness his atleast x/4. A box section with wall thickness less
than x/4, but greater than x/10 may al so be taken as solid section except
that x2y ismultiplied by 4h/x. When hislessthanx/10, wall stiffness
isto be considered. Fillets shall be provided at interior corners of all
box sections.

3.6.9 When calculated torsional moment in the member ismorethan thevalue given
in cl.3.6.8 torsional reinforcement shall be provided. The minimum torsional

reinforcement shall be calculated from the following torsional moment.

T' = [0.18(fy)™] (1/3) ( x2y).
(3.29)

3.6.10 Thefollowing interaction equation shall be satisfied when areinforced concrete
section is designed for combined effects of shear and torsion:
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My V2 + (T, 1 TY)? <10 (3.30)
where V,, isthe factored shear force acting on the element, T, isthe factored
torsional moment acting on the element, V,, is the shear strength of the beam
whichisequal to (V, + V) and T, isthe strength of the sectionin puretorsion.

3.6.11 The following interaction equation shall be satisfied in the case of member
subjected to flexure and torsion:

For yielding of bottom bars:

(Ur)(T,ITY? + (M, /M) < 1.0. (3.31)
For yielding of top bars:

(Ty/TY? M,/ My)] < 1.0, (3.32)
where in equations (3.31) and (3.32) M, is the factored moment acting on
the section, M, is the pure flexural capacity of the section,

r' is the ratio of the yield forces of flexural tenson and compression
reinforcement i.e.

I = Agf,/ Agf, (3:33)

where Ay isthe area of tensile stedl, Ay isthe area of compressive steel and
fy is the yield strength of the stedl.

3.6.12 Expression of T, to be used on equations (3.30), (3.31) and (3.32) is given

o)

Ty = 2%y — fy
° O s 2 (XY

Y2

(3.34)

where X isthe shorter dimension of stirrup, Y, thelarger dimension of stirrup,
A, the area of one leg of dtirrup, A the total area of longitudinal steel,
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sthe spacing of stirrup, flytheyield strength of longitudinal stedl, f,, theyield
strength of stirrup stedl.
Shear Friction

3.6.13 The concept of shear friction is used to design against direct shear failures
occurring on planes of weakness. The provision of shear friction design is
applied whereit isappropriate to consider shear transfer across a given plane,
such asan existing or potential crack, aninterface between dissimilar materials
or an interface between two concretes cast at different times.

3.6.14 The resistance of cross sections subject to shear transfer shall be calculated
as per provisions described hereinafter.

3.6.15 A crack is assumed to occur along the shear plane considered. The required
area of shear friction reinforcement A ; acrossthe shear plane shall be designed
using the following. Any other shear transfer design method is acceptable
provided shear resi stance computed by such method isin substantial agreement
with results of comprehensive tests.

3.6.16 (1)  When shear friction reinforcement is perpendicular to the shear plane,
the following condition shall be satisfied.

Vo= (U 9 Agfyh, (3.35)

where A istheareaof shear friction reinforcement, p isthe coefficient
of friction in accordance with cl. 3.6.17.

(2)  When shear friction reinforcement isinclined to the shear plane at an
angle ¢, such that shear force produces tension in the shear friction
reinforcement, the following condition shall be satisfied.

Vy= (U J Agfy (psin ¢+ cos ).
(3.36)



36.17 The coefficient of friction 1 in equations (3.35) and (3.36) of cl. 3.6.16 isas

follows:
()  for concrete placed monolithically : 125,
for concrete placed against : 0.9,

hardened concrete with the surface intentionally
roughened as specified in (2) below.

for concrete placed against : 0.5, and
hardened concrete not intentionally roughened.

for concrete anchored to as-rolled : 0.6.
structural steel by headed studs

or by reinforcing beams as described

in (3) below.

(2)  When concrete is placed against previoudy hardened concrete, the
interface of shear transfer should be clean and free of laitance. If p is
assumed to be 0.9, the interface shall be roughened to a full amplitude
of approximately 5 mm.

(3) When shear is transferred between as rolled steel and concrete using
headed studs or welds for reinforcing bars, the steels should be clean

and free of paint.

3.6.18 When the shear forceto be transferred through shear friction, the factored shear
force shall be less than V5. Vinax IS lesser of V; and V.,

where,
Vi = (U 9 (02 Ty Ag), (3.37)

V, = (U o) (0.65 Ay), (3.38)



where A, is the area of concrete section resisting shear transfer.

3619 The net tenson across shear plane shall be resisted by additional

reinforcement. The net compression across shear plane may be considered
when cal culating the required shear friction reinforcement, provided that only
the minimum value of the compression which will occur during the life of the
structure is considered.

3.6.20 Shear friction reinforcement shall be appropriately placed along the shear plane

3.7

371

372

3.73

and anchored to develop the yield strength on both sides by embedment, hook
or welding to special devices.

Design for Limit State of Serviceability

Unless otherwise stated, the following limit states of serviceability should be
considered.

- Deflection,
- Cracking.

Unless specified otherwise , shall be taken as unity (1.0).
Load Combinations for Limit State of Serviceability

(&  Load combinations givenin Table 3.4 shall be used unless otherwise
stated,

(b)  Inlieu of using load combinations given in (a) above for limit state of
deflection and cracking, the structural response may be computed by
factored load analysis corresponding to load combination given in cl.
3.4.11 and divided by factor ,. Unless otherwise determined by
computation, the factor , shall be as follows:

for load combinations 1,3,5,6,7,9 - =15,

a

for load combinations 248,10 - _=12, and
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for load combinations 11to18 - ,=1.0.
Limit State of Serviceability : Limiting Deflection Criteria

Reinforced concrete members subject to flexure shall be designed to have
adequate stiffness to limit deflections or any deformations which may
adversely affect the strength and serviceability of structural and nonstructural
elements.

3.7.5 At discontinuous edge of atwo way dab, an edge beam shall be provided with

3.76

a giffnessratio  which shall not be less than 0.8 where:

ratio of flexural stiffness of beam section to flexural stiffness of dab,

(Ecblb) / (Ewls)’

= modulus of elasticity of beam concrete,

m
Q
=2

|

m
1

modulus of dagticity of dab concrete,

I, = moment of inertia about centroidal axis of gross section of beam. For
monolithic or fully composite construction, abeam includesthat portion
of dab on each side of the beam extending to a distance equal to the
projection of the beam above or below the dab, whichever is greater,
but not greater than 4 times the dab thickness,

I = moment of inertia about centroidal axis of gross section of dab,

S

= h3/12 times width of dab bounded laterally upto the centre line of
adjacent panel from the edge of the beam, and

h = dab thickness.

Unless otherwise specified by system requirements, the reinforced concrete
construction should satisfy the deflection limits given in Table 3.5 for load
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combinations givenin cl. 3.7.3.

(@  Reinforced concrete beams and one-way congtruction should satisfy
the minimum depth/thickness requirements specified in Table 3.6,
whereas two-way constructions should satisfy the requirements for
minimum thicknessasgivenin Table 3.7. When the minimum thickness
requirements are satisfied the requirements of limiting deflection given
in Table 3.5 for load combinations as per cl. 3.7.3 may not be checked
in the design with the exception given in cl. 3.7.8.

(b)  Lesser thickness may be used if it is determined by computation that
the resulting deflections will not adversely affect strength and
serviceability.

When deflection limits more stringent than those specified in Table 3.5 are
required to ensure the proper functioning of systemsor certain nonstructural
systems, the minimum thickness specified in Tables 3.6 and 3.7 does not apply,
and the members shall be sized such that calculated deflections are within
the required limits.

When deflection computations are performed, these computations shall be
based on loading condition critical for flexure (refer ¢l 3.7.3.). When
calculations are performed, the sum of long term deflection due to all
appropriate sustained loads, and the immediate elastic deflection due to all
appropriate nonsustained |oads should be considered. Due consideration shall
be given to effective moment of inertia at each of these stages.

3.7.10 Thelong-term deflection should be determined in accordance withcl. 3.7.11

through 3.7.14 but may be reduced to the amount of long-term deflection that
occurs after the attachment of the non-structural elements or the levelling
of equipment. Thisamount of long-term deflection isdetermined on the basis
of accepted engineering data relating to the time-deflection characterigtics of
members similar to those being considered.
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TABIE 35 MAXIMUM DEFI ECTIONS EOR | OADS UNDFR
SERVICEABILITY CONDITION

Design Conditions Beam Slab®

Normal L/400 or 20mm L/320
whichever is less.

Abnormal L/250 L/200

Note : (1) For two-way construction L shall be replaced by L, in which L isthe length of clear
span in shorter direction of two-way construction measured face-to-face of supports
in dabs without beams and face-to-face of beams or other supports in other cases.

TABLE 3.6: MINIMUM DEPTH/THICKNESS OF BEAMS OR ONE WAY
CONSTRUCTION (NONPRESTRESSED) UNIL ESS
DEFLECTIONS ARE COMPUTED

Member Simply One End Both Ends Canti-
Supported Continuous | Continuous | lever

Solid one-waydab | L/20 L/25 L/25 L/7

Beams L/10 L/12 L/16 L/5

Note: (1) Thickness of any oneway congruction shall not be less than 150 mm thickness.
2 Valid for normal weight concrete and reinforcement grade Fe 415.



(3) For reinforcement grade having yiedd drength of 250 MPa, the values obtained
from the table are to be multiplied by 0.75.

TABLE3.7: MINIMUM THICKNESSOF TWO-WAY CONSTRUCTION
(NONPRESTRESSED) UNLESS DEFLECTIONS ARE

COMPUTED
Edge Minimum Thickness (mm)
Continuity - 10 - 20
Simply L, /25 L, /20
suported

One short edge L, /30 L, /25
continuous

Two adjacent long L, /35 L, /25
edges or two adjacent

short edges continuous

Note: (1) = ratio of clear spans in long and short directions of two-way dabs.
2) Thickness of any two-way dab shall not be less than 150 mm.
3 Valid for normal weight concrete and reinforcement grade Fe 415.
(4) For reinforcement grade having yield strength of 250 MPa, the thickness values in the
table are to be multiplied by 0.9.

(5) For other values of  the minimum thickness may be linearly interpolated.
Deflection of Beam or One-way Slab

3.7.11 Where deflections are to be computed, deflections that occur immediately on
application of load should be computed by usual methods or formulas for
elagtic deflection, considering effects of cracking and reinforcement on
member stiffness.

3712 (@  Unless diffness values are obtained by a more detailed analysis,
immediate deflection is computed with the modulus of elasticity E for
concrete, and with the effective moment of inertia as follows, but not
greater than | g
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le = lg Mg M3 + I [1 (Mg /M1, (339)

where,

My = fo lg/Ys

cr

I.. = Moment of Inertia calculated for cracked section transferred to

concrete, and

cr

Y, = distance from centroidal axis of gross section, neglecting
reinforcement, to extreme fibre in tension.

The values of f, and M, are obtained from equation (2.1) givenindl.
2.3.8 and the load combinations given in cl. 3.7.3.

(b)  Where the computation of deflection is to be based on lgor lg, the
deflection calculated by an analysis using lg or I may be used, if the
deflection thus calculated is increased by a factor (Iy/lg) or (I /1¢).

3.7.13 For continuous members, effective moment of inertia may be taken as the
average of values obtained from the above equation for critical positive and
negative moment sections. For prismatic members, effective moment of inertia
may be taken as the value obtained from the above equation at midspan for
simple and continuous spans, and at support for cantilevers.

3.7.14 Unlessvaluesare obtained by a more comprehensive analysis, additional long-
term deflection resulting from creep and shrinkage of flexural membersshould
be determined by multiplying theimmediate deflection caused by the sustained
load considered by the factor

¢ = T +50py), (3.40)

where p, istheratio, Ag./(bd) of the compression reinforcement isthe value at
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midspan for simple and continuous spans and at support for cantilevers. Time
dependent factor T for sustained |oads may be taken from the Table 3.8.
TABLE38: VALUEOFTINCOMPUTATIONOFLONG-TIME
DEFLECTIONS

Duration of Load

in months T
60 or more 2.0
12 14
6 1.2
3 1.0

3.7.15 Where deflections are to be computed, those that occur immediately on
application of load should be computed by the usual methods or formulas for
elagtic deflections. These computations shall also take into account the size
and shape of the panel, the conditions of the support, and the nature of restraints
at the panel edges. For such computations, themodulusof eagticity of concrete
shall bethat specified in accordancewith cl. 2.3.7. When the effect of Poisson’s
ratio is neglected the effective moment of inertia shall satisfy the provisions
of cl. 3.7.12 and 3.7.13. Other values may be used if they result in predictions
of deflection in reasonable agreement with the results of experiments.

3.7.16 Unless values are obtained by a more detailed analysis or test, the additional
long-term deflection for two-way construction shall be computed in accordance
with cl. 3.7.14.
Limit State of Serviceability : Cracking

Permissible Crack Width

3.7.17 Unless otherwise stated permissible crack width W, shall not be greater than
the value given in Table 3.9, when crack width is calculated for sustained



loading using the methodology given in Appendix-C. Thelimitsgivenin the
table are applicable when concrete cover is not greater than 100 mm.

TABLE 3.9 : PERMISSIBLE CRACK WIDTH (W)
Crack width
Exposure Type W, (mm)
Normal 0.0075 C(®)
Corrosive 0.006 C
Severe Corrosive 0.005 C

Note : (1) C is the clear cover of reinforcement in mm.

3.7.18 Inlieu of satisfying the requirement of permissible crack width of cl. 3.7.17,
for flexure member, the design may satisfy the following criteria, unless
otherwise required:

(@ Compliance with spacing requirements of reinforcement given in
section E.2 of Appendix-E shall be followed to control flexural
cracking. When fy for tension reinforcement exceeds 250 N/sg.mm.,
cross-sectionsof maximum positive and negative moments shall
be so proportioned that the following condition is satisfied.

Z <30 KN/mm, for interior exposure, and
< 25 KN/mm, for exterior exposure,

where,

Z =t (A °

d. = thicknessof concrete cover measured from extremetension fibre



of centre of bar or where located closest thereto, (mm)

A = Effective tension area of concrete surrounding the flexural
tension reinforcement and having the same centroid as that of
reinforcement, divided by the number of bars (sq.mm). When
flexural reinforcement consists of different bar sizes, the number
of bars is computed as the total area of reinforcement divided
by the area of the largest bar used.

fo = Calculated stressin reinforcement at sustained loads (N/sg. mm.)
is computed asthe moment divided by the product of steel area
and the internal moment arm. In lieu of such computations, fg
may be taken as 0.40 fy.

(b)  For gtructures subject to severe environmental exposure condition or
designed to beleaktight, the above provisionsfor controlling cracks may
not be sufficient. For such structures, special investigations and
precautions shall be required as discussed in chapter-7.

Compression Members

3.7.19 Cracks due to flexure in compression member, except where leak tightnessis
important, design requirement and subject to a design axial load greater than
0.2 fy Ag, need not be checked. A member subjected to load lesser than
0.2 fy Ag should be treated as a flexural member for the purpose of crack
control.

3.8 Design for Limit State of Stability

3.8.1 All structuresshall be checked for stability (rigid body movement of the overall
structure) for the limit states specified in cl. 3.1.8.

3.8.2 Safety againgt rigid body movement of the overall structure shall be checked
using equation (3.1). In the examination, Fg will be taken as the effect of



disturbing force and Ry, as the restoring effect. The values of
limit shall comply with Table 3.

10.

for different

TABLE 3.10 VALUESOF 1/ |

FORLIMIT STATEOFSTABILITY

i
Load Combination
Flotation | Sliding Overturning
0.9 DL+H+E, - 15 15
0.9 DL+H+WC - 15 15
0.9 DL+H+Eg - 11 11
0.9 DL+H+FF 11 - -
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4. ALLOWABLE STRESSDES GN METHOD
General

The provisions contained in this chapter is applicable to design of reinforced
concrete and plain concrete structures using Allowabl e Stress Design method.
Thedesign of structuresor itsparts by this method shall be donein accordance
with requirementsof Structural Design (Working StressMethod) of 1S:456 with
additional stipulationsgiven hereinafter. The stipulationsof this standard will
govern, when there are discrepancies between similar stipulations of IS codes/
standards and this standard.

All provisions of this standard for concrete structural members, except those
permitting moment redistribution shall apply to the structure or part of it
designed by allowable stress design method. For design aspects of various
structural elements not covered by this chapter, appropriate requirements of
this standard apply.

All structures or parts thereof designed by Allowable Stress Design method
shall be examined for limit state of strength as per chapter-3 of the present

standard. However, elements subjected to flexure dueto gravity load only need
not be examined for limit state of strength.

Design Method
In Allowable Stress Desigh Method, unless specified otherwise, the strength
of a structural member shall be confirmed by checking that the stress in

reinforcement and concrete is less than the respective allowable stresses.
Checking shall be by satisfying the following criteria

@S a (4.1)

where , isthe calculated stress in concrete or reinforcement and ,is the
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allowable stress.
Calculated Stresses

The calculated stressin design  ; may be determined by elastic theory for
the induced forces such as axial force, bending moments, shear forces and
torsion.

Linear structural analysis shall be applied in determining the induced forces
due to the effect of applied load.

Allowable Stresses

Allowable stresses shall be determined from the following expression:

a= nR() (4.2)
where,

n is the factor representing safety as given in Table 4.1,

R (f,) is the expression of respective stresses under considerations expressed
interms of f, (ref. Table 4.2) and fy the characteristic strength of materials.

When effects of temperature change and when shrinkages are considered, the
value of |, may be increased up to 1.15 times the value given in Table 4.1.

For safety class 4 structures, the value of |, of cl. 4.2.4 should be increased
by 1.33 times when earthquake or wind loads are considered. It should be
increased by 1.5 times when the effect of temperature change, shrinkage, etc.
are considered along with earthquake or wind load.

However, the value of |, when increased in view of cl.4.2.5 and 4.2.6 shall
not exceed 0.67 for concrete and 1.0 for stedl.

In flexural members the allowable tensile stress is applicable at the centroid
of tensile reinforcement subject to the condition that when more than onelayer
of tengile reinforcement is provided, the stress at the centroid of the outermost
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layer shall not exceed more than 10% of the allowable value.

TABLE4.1: VALUESOF FORALLOWABLE STRESSDESIGN

METHOD
Design
it Stress Parameters
condition Concrete Steel
Normal Compression Direct 0.25 0.45
Bending 0.33 0.55
Tenson Direct 0.30 055
Bending 0.50 0.55
Shear 0.40 0.55
Bond Prammbars 025 —
Deformed bars 0.35 —
Bearing 0.30 —
Abnormal —Cempression Birect 0:50 075
Bending 0.60 0.87
Fenson DPirect 056 087
Bending 0.67 0.87
Shear 0.50 0.87
Bond®) Plainbars 0.50 —
Deformed bars 0.67 —
Bearing 0.67 —
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Note: (1) For bars in compression, increase |, by 25%.

ALLOWABLE STRESS DESIGN METHOD
Material Stress parameters R(fy)
Concrete | Compression fox
Tenson 0.7(f )"
Shear® 0.18 (fy)*
Bond 0.7(f4)"
Bearing Whole area fox
Bearing Local area® fo
Steel For all stress parameters fy
Note: 1. For values of  ref. d. 4.4.5.
2. = (A 1 A)% < 20.
where,

A, =  supporting area for bearing which in doped or stepped footing may be taken as the area
of the lower base of the largest frustum of a pyramid or cone contained wholly within
the footing and having for its upper base, the area actually loaded and having side dope
of one vertical to two horizontal,

A, = loaded area at the column base.

Allowable Stress of Plain Concrete

4.2.9 Allowablestressin plain concrete shall not be more than the values cal cul ated
from cl. 4.2.4 with following limitation on its maximum value:

(&  Allowable compressive stress < 4.5 MPa,
(b)  Allowable tensile stressin flexure < 0.25 MPa,
(o)  Allowable bearing stress < 5.0 MPa for whole area,
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< 10.0 MPafor local area.

4210 Increase in allowable stresses for plain cement concrete is acceptable only

when the effect of earthquake or wind is considered in accordance with
cl. 4.2.6.

Reinforcement Detailing

4.2.11 Reinforcement detailing shall be done following good engineering practices

4.3

431

432

4.4

441

442

443

444

and the guidelines given in Appendix-E.
L oad

All individual loads described in Section 3.4 shall be considered in the
Allowable Stress Design.

All applicableload combinations given in cl. 3.4.11 shall be considered in the
allowable stress design taking the values of ; and g; as unity (1.0).

j
Strength Design

Flexure

Strains are assumed to vary linearly in proportion to the distance from the
neutral axis, except for deep flexural member.

In reinforced concrete member, the concrete is assumed to resist no tension.

The modular ratio, m, should be calculated from the following.

m=1/( .fy)

where . isthe limiting strain of concrete.

Compression with or without Flexure

Slenderness effect and lateral drift effect shall be considered appropriately in
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446

4.5

451

452

the design.
Shear and Torsion

Thevalueof for R(fy) (ref. Table 4.2) in calculating allowable shear stress
of a concrete member shall be calculated from the following.

@ = 1, when there is no axial force.

(b) =1 (PR), (4.3)
where the member is subjected to axial tensile [oad, P, is determined
from the following expression:

P.= 0.2(f,)" b, d (4.9

(© =1+ (5P/ Agfy, but not exceeding 1.5 (4.5)

where P is the axial compressive force.

When shear reinforcement is provided, the nominal shear stress . shall not
exceed for beam or 0.5 for dab, where ., iS given by

cmax cmax

emax = n 10-88(f40" (4.6)
Serviceability and Stability Requirements

Serviceability requirementsin termsof limiting defl ection, span-to-depth ratio,
crack width, etc. shall satisfy the requirements of section 3.7.

The stability requirement of section 3.8 shall be satisfied.



5.1

511

512

513

514

515

5. SPECIAL DESIGN REQUIREMENTS OF
STRUCTURAL ELEMENTS

Sab

It is suggested that the flat, ribbed, hollow dab construction be avoided in
buildings having primarily beam-column structural system.

The moment coefficients can be used in dab design, when the variation in the
gpan does not exceed 15% of the longest span with substantially uniformly
distributed loading. If the variation exceedsthisval ue, the design moment may
be adjusted using moment distribution approach starting from the moment
calculated by coefficients. However, complicated case requires a detailed
analysis.

Where a cantilever of alength exceeding onethird of the adjacent span occurs,
the condition of maximum load on the cantilever and minimum load on the
adjacent span is a design consideration.

At any section, top reinforcement of dab should not be less than the mid-span
reinforcement at bottom. This provision is not applicable for cantilever dab
and dabs which are actually simply supported.

Shear Design for Sab

The shear strength of dabs in the vicinity of concentrated load or reactions
shall be governed by the more severe of the following two conditions:

(@ Beam actions for dab or footing with a critical section extending in a
plane acrossthe entire width b and located at a distanced from the face
of concentrated |oad or reaction area. For thiscondition, the design shall
be in accordance with cl. 3.6.1 to 3.6.4,



(b)  Two-way action of (punching shear) a dab with a critical section
perpendicular to plane of dab or wall and located so that its perimeter
b, is minimum, but need not approach closer than d/2 to the perimeter
of the concentrated load or reaction area shall be designed in accordance
withcl. 5.1.6. For squareor rectangular load or reaction area, the critical
section may be assumed to have four straight sides. Critical section
located at a distance not closer than d/2 from the face of any change
in slab thickness and located such that the perimeter,
by is @ minimum, must also be investigated.

5.1.6 Whenthefactored shear forceV,, isnot greater thanV,, the shear reinforcement
need not be provided, where

V.= . bgd (5.1)

where,

05+ ) (5.2)

cisdefinedincl. 3.6.2 and isthe ratio of clear spans in short and long
sides of the concentrated load or reaction area, and by, is the perimeter of the
critical section as defined in cl. 5.1.5(b).

517 |, shall not be more than where,

cmax?

cmax [(1/ r) [0-5( fck)l/z] (5-3)

5.1.8 When nominal shear stress |, exceeds the value of  , shear reinforcement

shall be provided. When shear reinforcement is required it shall be designed

in accordance with cl. 3.6.4. In calculating V. by equation (3.27), the
parameter by, is to be replaced by by,

Openings

519 (@  When the diameter or equivalent diameter of the opening is less than
four timesthe dab thickness, the effect of opening may be taken care
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(b)

of by proper detailing of the reinforcement around the opening. Extra
reinforcement equivalent to 1.25 times the reinforcement lost due to
the opening should be provided around the edge along the spanning
directions and also at a 45° of the span,

When the diameter (or equivalent diameter in case of non-circular
opening) of the opening is more than four times the dab thickness
appropriate analysis shall be carried out.

5.1.10 When openings in dabs are located at a distance less than 10 times the dab
thickness from a concentrated load or reaction area, or when opening in aflat
dab are located within column strip the critical dab section for shear defined
in cl. 5.1.5 (b) shall be modified as follows:.

5.2

521

@

(b)

Walls

For dabs without shearheads, the part of perimeter of critical section
that is enclosed by straight lines, projecting from centroid of the load
or reaction area and tangent to the boundaries of the openings shall be
considered ineffective,

For dabs having column heads with or without drop the ineffective
portion of the perimeter shall be one-half of that defined in (a) above.

General Requirements

Thefollowing provisions shall apply for design of wallssubject to axial load,
with or without flexure,

@

(b)

(©

Walls shall be designed for eccentric loads and any lateral or other
loads to which they may be subjected,

Walls subject to axial loads shall be designed in accordance with
cl. 5.2.7 and cl. 5.2.8,

Walls shall be anchored to intersecting elements such as floors, roofs,
or the columns, pilasters, buttresses, and intersecting walls, and
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footings,

(d  Wallssubjected to axial loads, combination of axial load and bending,
axial load and in-plane bending shall be designed as per provisions of
chapters-3 or 4,

(8  Unless demonstrated by a detailed analysis, horizontal length of wall
to be considered as effective for each vertical concentrated load shall
not exceed centre-to centre distance between loads, nor the width of
bearing plus 4 times the wall thickness,

Q) Outer limits of the effective cross section of spirally reinforced or tied
reinforced compression member built monolithically with a concrete
wall or pier shall be taken not greater than 40 mm outside the spiral
or tie reinforcement.

Fire Resistance

The minimum wall dimensions and covers required to provide adequate
resistance to fire, shall be obtained from Table E.4.

Minimum Reinforcement

Minimum vertical and horizontal reinforcement shall be in accordance with
Appendix-E unless a greater amount is required for shear by cl. 4.2.4.

I'n additionto the required minimum reinforcement asgiven in Appendix-E not
less than two 16 mm bars shall be provided around all openings. Such bars
shall be extended for full devel opment beyond the corners of the openings but
not less than 600 mm.

Senderness

The ratio of effective length or height of stocky wallsto their thickness shall
be 15 or less. The effective height is obtained by multiplying the clear height



526

5.2.7

528

between floors by the effective length and height factor k given below:

- for walls restrained at top and bottom : 0.8,
againgt lateral trandation and
restrained againgt rotation at one or
both ends (top or bottom or both)

- for walls restrained at top and bottom : 1.0,
against lateral trandation and un-
restrained againgt rotation at one or

both ends.

- for walls not restrained against lateral : 15,
trandation but partially restrained
against rotation.

- for free-standing walls. : 25

Empirical Design Method

Walls of solid rectangular cross-section may be designed by the empirical
provisions given herein if the resultant of all factored loadsislocated within
the middle-third of the overall thickness of wall and all limits of cl. 5.2.1 are
satisfied.

Design axial force P, of a wall satisfying limitations of the preceeding
paragraph shall be computed using following expression:

Py = (0.40/ ) fy Ayl (KL /32h)] (5.4)

where L isthe clear vertical distance between supports, histhe overall wall
thickness, and k is the effective length factor as given in cl. 5.2.5.

The minimum wall thickness designed by empirical design method shall be
as follows:

(@  Load-bearing or exterior walls shall not be less than (1/25) the
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unsupported height or length, whichever shorter, nor lessthan 200 mm,

(b)  Inwet ground a minimum thickness of 300 mm shall be used. In any
case, the thickness cannot be less than that of the wall above.

Walls Designed as Flexure Members

5.29 The cantilever retaining walls shall be designed for flexure and shear in
accordance with chapter 3 and 4.

Shear Design

5.2.10 Design of shear forces perpendicular to the face of wall shall be in accordance
with cl. 5.1.5 through 5.1.8.

5.2.11 Design of horizontal shear force in plane of wall shall be in accordance with
cl. 3.6.2 through 3.6.3. For the purpose of design, d shall be takenas0.8 L,,
where, L,, is the horizontal length of wall unless specified otherwise.

5.2.12 Where two walls intersect the design for shear strength at interface and the
design for shear strength at construction joints shall be in accordance with cl.
3.6.13 through 3.6.20.

Limiting Deflection Criteria of Wall

5.2.13 Wallssubject to transverseloads shall also satisfy the requirementsas specified
in this chapter for non-prestressed one-way or non-prestressed two-way,
prestressed construction, or composite construction, as appropriate.

Opening in Walls

5.2.14 Adequate reinforcement shall be provided to cater to stress concentrations
developed at the corners of openings. Thisreinforcement should also take the
form of diagnoal bars positioned at the corners of the openings, and shall be
adequate to resist atensile force equal to twice the shear force in the vertical
components of thewall, but not lessthan two 16 mm diameter bars acrosseach
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corner of the opening.

5215 The wall with the opening of the area larger than the lesser of the following
shall be analysed and suitably designed:

(1) 50% of wall panel area, and

(2)  Areaequivalent tocircle of diameter having 4 timesthewall thickness.

Walls as Grade Beams

5.2.16 Walls designed as grade beams shall comply with the requirement of
reinforcement for moment and shear in accordance with provisions of chapter
3 and 4.

5.3 Foundations

5.3.1 Provisions herein shall apply for the structural design of foundations, i.e.,
isolated, combined and strip footings, raft/mat foundations, and pilesand pile
caps. The safety related to geotechnical aspects shall satisfy the provisions of
safety guide, “ Geotechnical Aspectsfor Buildingsand Structures |mportant to
Safety of Nuclear Facilities’, AERB/SG/CSE-2.

Design Features
532 (@ Thefoundationsshall bedesigned for geotechnical considerationsusing
unfactored forcesand momentstransmitted to the founding strata based
upon permissible soil pressure or permissible pile capacity selected by
satisfying the requirements of AERB/SG/CSE-2,
(b)  Foundation elements shall be designed to resist the factored loads and
induced reactions, in accordance with the appropriate design require-
ments of this standard and as provided herein.

Shear Design

5.3.3 Designfor shear in footingsincluding the effect of two-way or punching shear
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534

535

536

537

shall be in accordance with cl. 5.1.5 to 5.1.8.

(@  Location of critical sectionfor shear in accordance with cl. 5.1.5 shall
be measured from face of column, pedestal, or wall for footings
supporting a column, pedestal, or wall,

(b)  For footings supporting a column or pedestal with steel base plates, the
critical section shall betaken halfway between face of column and edge
of steel base plate.

Special Design Features

Sloped or Stepped Footings

(& Indoped or stepped footings, angle of dope or depth and location of
steps shall be such that design requirements are satisfied at every
section,

(b)  Sloped or stepped footings designed as a unit shall be constructed to
assure action as a unit.

Combined Footings and Mats/Rafts

Footings supporting more than one column, pedestal, or wall (combined
footings or mats) shall be proportioned to resist the factored oads and induced
reactions, in accordance with appropriate design requirements of this
standard. Distribution of soil pressure under combined footings and mats
shall be consistent with properties of the soil and the structure and with
established principles of soil mechanics.

Pile Caps

(@  Pilecapsshall be provided with brace beams unless batter/raker piles
are used,

(b)  Minimum overall depth of pile cap shall be 450 mm,
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(d)

Minimum reinforcement in two orthogonal directions at the top and
bottom faces of a pile cap shall be in accordance with Appendix-E,

In addition, fully lapped, circumferential horizontal reinforcement
consisting of bars not less than 12 mm diameter at a vertical spacing
not more than 250 mm shall be provided.

5.3.8 Tie Grade or Brace Beams

@

(b)

(©

(d)

The tie or grade beam shall be designed for all factored loads it may
be subjected to,

Asaminimum, the brace beam shall be designed for an axial forceequal
to 10% of the larger axial load of the column foundations it may be
connected to,

The design axial load of the brace beam connecting pile caps shall be
not less than 10% of the axial capacity of pile group being braced,

In addition, the braced beam shall be designed for an appropriate
simultaneous design load due to the overlying weight of the soil, dab-
on-grade, live load on said dab-on-grade and all other |oads supported
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6.1

6.11

6.1.2

6.1.3

6.14

6.1.5

6.1.6

by the brace beam.

6. PRESTRESSED CONCRETE STRUCTURES

General

Prestressed members shall meet the strength requirements specified in this
chapter.

Design of prestressed members shall be based on strength and serviceability
conditions at all load stages that may be critical during thelife of the structure
from the time prestress is first applied.

Provisionshereinshall apply tomembers, prestressedwithwire, strands, or bars,
conforming to provisionsfor prestressing tendonsin AERB/SG/CSE-4.

Scope

This chapter describes the acceptable design stipulations for prestressed
concrete DC3 dructures. The provisions in 1S:1343 shall be adopted where
no guidelines are available on the subject matter in this standard.

General Design Requirements

Only the following types of prestressed concrete construction are acceptable.

(&  Typel: notensle stress allowed, and

(b)  Type2 : tendle gtress alowed but no cracking allowed.

However, sdlection of a particular type from the above two for a structural
member shall be made after giving due consideration to the importance of the

structure towards safety.

Design shall be based on limit state method and/or allowable stress design
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method. The design aspects which are not covered in this chapter shall
comply with the appropriate stipul ations of relevent chapters of this standard.

6.1.7 The value of (ref. cl. 3.2.1) shall be taken as unity unless specified
otherwise.

6.1.8 Stressincrease dueto age factor shall not betaken into account in calculating
the strength of members for design of a new plant.

6.1.9 Loss of prestressing should be determined using the methodology given in
section 6.7.

6.1.10 Use of low relaxation sted is recommended.
Reinforcement Limits
6.1.11 (8  Theminimum nontens on reinforcement to be provided shall be not less
than 0.2% of the cross-sectional area. The minimum reinforcement shall

be provided throughout the length and/or dimension of the member and
shall be distributed uniformly on the section.

(b)  The minimum shear reinforcement provided shall be 0.2% of the area
of the member perpendicular to the plane at which shear force is
acting.

6.1.12 Other limits on reinforcements shall be in accordance with Appendix-E.

Reinforcement Detailing

6.1.13 Reinforcement detailing shall be done following good engineering practices
and the guidelines given in Appendix-E.

6.2 Limit State of Strength
6.2.1 The limit state of strength of the structure or its part shall be assessed from

collapse of critical sections, eastic or plastic instability, and/or overturning.
The resistance to bending, shear, torsion, and axial load at any section shall
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6.2.2

6.2.3

6.24

6.2.5

6.2.6

6.2.7

be less than appropriate value at that section produced by the most

unfavourable combination of loads on the structures using appropriate partial

factor of safety.

(@  All members shall be designed for the individual load described in
cl. 3.4.3 through 3.4.10 and the load combinations givenin cl. 3.4.11
and loads for special case (cl. 3.4.12),

(b)  Inthe above load combinations the effect of prestressing force should
be included, smilar to a dead load.

The partial safety factor ,for materials givenin cl. 3.4.13 shall be used in
the design of prestressed concrete member for limit state of strength.

Limit State of Strength : Flexure

All members shall be designed for the provision of flexure and flexure with
axial load satisfying the provision of section 3.5.

The following condition shall be satisfied to limit prestressing:
(A / bd) (f, / fy) < 0.18, (6.1)

where A isthe area of prestressing tendon and fp is characteristic strength of
prestressing tendon.

Limit State of Strength : Shear
The design shear strength of concrete section shall not be more than
c= o [f#+ 08 fg, fi]” (6.2

where f;is0.15 (fy)* and f, is the compressive stress at centroidal axis due
to prestress taken as positive.

When the induced shear force due to factored shear force and/or factored
torsional moment is more than , shear reinforcement shall be provided.
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628

6.3

6.3.1

6.3.2

6.3.3

6.34

6.3.5

If the shear stress due to factored shear force and torsion is more than
the sectional dimension shall be changed. is defined in cl. 3.6.3.

cmax?

Ccmax

Examination of Stresses

Allowable stresses in concrete immediately after prestress transfer (before
time-dependent prestress losses) shall not exceed the following:

extreme fibre stress in compression - 05 fg,

where 0.5 fy < f < 0.8 fy

extreme fibre stress in tension - 0.4 (f4)*
when permitted.

in which f; is the characteristic strength of concrete at ith day after casting.

Where computed tensile stresses exceed these values, bonded auxiliary
reinforcement (non-prestressed or prestressed) shall be provided in thetensile
zoneto resist thetotal tensile force in concrete computed with the assumption
of an uncracked section.

Allowable stressesin concrete (after allowance for all prestress loss) for all
load combinations of section 4.3 shall not exceed the value calculated from
cl. 4.2.4 through 4.2.7.

Allowable stressesin concrete of cl. 6.3.1 and 6.3.3 may be exceeded if shown
by test or analysis that performance will not be impaired.

Permissible tensile stress in prestressing tendons shall not exceed the
following unless justified otherwise;

(@  immediately after - 0.7f
prestress transfer (fpo,max)

p’

(b) average stress in the cable for all applicable load combinations:
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6.4

64.1

6.4.2

6.4.3

6.4.4

6.5

6.5.1

6.6

6.6.1

normal design conditions - O.6fp,

abnormal design conditions - 0.87 fp.
Limit State of Serviceability

The limit dtate of serviceability to be considered in design class DC3
prestressed concrete structures shall be in accordance with section 3.7.

Limit State of Serviceability : Deflection

Immediate camber and deflection shall be computed by usual methods or
formulas for elagtic deflections, and the moment of inertia of gross concrete
section is used for uncracked sections.

Additional long-time camber and deflection of prestressed concrete members
shall be computed taking into account stressesand strainin concrete and steel
under sustained load and including effects of creep and shrinkage of concrete
and relaxation of steel.

The computed deflection shall not exceed limits stipulated in Table 3.5.
Design for Limit State of Stability

Design for limit state of stability shall be done in accordance with section 3.8.
Special Design Requirements

Redistribution of Negative Moments

Redistribution of negative moments due to gravity loads in continuous
prestressed flexural members allowed for limit state of strength shall not be

more than 10%.

Sab
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66.2

6.6.3

6.6.4

6.6.5

6.6.6

6.6.7

6.6.8

6.7

6.7.1

Design for factored moments and shears in prestressed dab systems
reinforced for flexure in more than one direction shall be carried out in
accordance with provisons of section 5.1 or by more detailed design
procedure.

All serviceability limitations, i.e., including specified limits on deflections, etc.
shall be met.

For normal live loads and loads uniformly distributed, spacing of prestressing
tendons or groups of tendonsin one direction shall not exceed 8 timesthe dab
thickness, nor 1500 mm. Spacing of tendons also shall provide a minimum
average prestress, after allowance for all prestress losses of 0.85 N/sg.mm on
the dab section tributary to the tendon or tendon group. A minimum of two
tendons shall be provided in each direction through the critical shear section
over columns. Special consideration of tendon spacing shall be provided for
dabs with concentrated loads.

Minimum nontension reinforcement to be provided shall be not less than
0.1% in each direction equally distributed at each face.

Tendon Anchorage Zones
Reinforcement shall be provided, where required, in tendon anchorage zones
toresist burgting, splitting, and spalling forcesinduced by tendon anchorages.

Regions of abrupt change in section shall be adequately reinforced.

End blocks shall be provided, where required, for support bearing or for
digtribution of concentrated prestressing forces.

Post-tensioning anchorages and supporting concrete shall be designed to
resist maximum jacking force for strength of concrete during prestressing.

L osses of Prestressing

Prestressing losses due to following phenomena should be considered in the



6.7.2

6.7.3

design:

(& Instantaneous losses due to
- anchorage dip,
- friction, and

- elastic shortening.

(b)  Long term losses due to
- shrinkage of concrete,
- creep of concrete, and

- relaxation of stedl.
Lossof Prestressdue to Anchorage Slip (- fy1)

Prestressing loss due to anchorage dip should be determined from the
experimenal results or from the data supplied by prestressng system
manufacture.

Lossof Prestressdueto Friction ( fy,)

Loss of prestressing due to friction and wobble effect at a distance x from the
operating anchorage device is given by

folz2 [1 e® +Ka, (6.3)

= fpo,max
where,

f = gtress due to maximum jacking force

po,max

= coefficient of friction in curve. In the absence of test data or
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6.7.4

manucfacturer's data, the minimum value of may be taken
as

0.55 for steel moving on smooth concrete,
0.30 for steel moving on sted fixed to duct, and

0.25 for sted moving on lead

In circular congtructions, where circumferential tendons are
tensoned by jacks, the minimum value of p for calculating
friction may be taken as.

0.45 for steel moving on smooth concrete,

0.25 for steel moving on steel bearers fixed to the concrete,
and

0.10 for steel moving on sted rollers.

K = Coefficient of Wobble effect. In the absence of test data, the values of
K may be taken from the range 15 x 10 4 to 50 x 10 4 per meter.

= Total angular displacement over the distance Xx.
Lossof Prestress dueto Elastic Shortening (- f;5)

Such a loss occurs when prestressing tendons upon release from tensioning
devices, cause the concrete to be compressed. This loss is proportional to
modular ratio and intial prestressin concrete and shall be cal cul ated as bel ow:

(@  For pretensioning, the loss of prestress in tendons at transfer shall be
calculated on a modular ratio basis using stress in the concrete
surrounding the tendons, and

(b)  For members with post-tensioned tendons which are not stressed
simultaneoudy, there is a progressive loss of prestress during transfer
due to gradual application of prestressing forces. The loss of prestress
should be computed based on sequence of tensioning.
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6.7.5

6.7.6

6.7.7

In the abscence of detailed analysis and test results, instantaneous
prestressing loss due to elastic shortening may be taken as 1% of fyg gy

Loss of Prestress due to Shrinkage of Concrete (- fy,,)

The loss of prestressng due to shrinkage of concrete shall be the product of
the modulus of eladticity of sted and the shrinkage strain of concrete. The
shrinkage strain of concrete should be calculated in accordance with the
methodology given in Appendix-B.

Loss of Prestress due to Creep of Concrete (- fj5)

Prestressing loss due to creep of concrete under load shall be determined for
all permanent load including the prestress. It should be determied asthe product
of modulus of elasticity of prestressing steel and the ultimate creep strain of
concrete determined in accordance with the methodol ogy givenin Appendix-B.

Loss of Prestress due to Relaxation of Steel (- fp6)

Total percentage relaxation loss at time t hours after stressing of cables is
given as

P(t) = Ky Ky Pigoo K (6.4)
where,
Piooo = 1000 hours relaxation at 20°C for initial stressing of 0.7 f,

k, = correction factor for initial stress which could be determined
from Figure 6.1,

k, = correction factor for temperature
= T/20 but not less than 1.0,

T = average temperature of the structure (°C),



correction factors for time

FS
1

(/1000) (6.5)

0.12 for normal relaxation steel,

0.19 for low relaxation stedl.
Total Prestressing Loss

6.7.8 Total instantaneouslossof prestressing ( fpls)

+ f.,+ f

pl2 pl3.

(6.6)

For calculation of total long termloss, the value of inital prestressing (f;)) shall
be taken as

fpi = fpo,max pls.

(6.7)

Total long term prestressing losses (- fy)
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7.1

711

712

7.13

714

7.2

f fo,+ fp|5+(5/6) pr6.

pll = pl4
(6.8)
Total prestressingloss( )
fp = fpls+ prI.
(6.9

7. LIQUID-RETAINING STRUCTURES
General

The provisions contained herein shall apply mainly to liquid-retaining
structures for storage of liquids. The provisions also apply in designing of
reinforced concrete and prestressed concrete structures for conveyance of
liquids, such as aqueducts.

This chapter does not cover the requirements for reinforced and prestressed
concrete structures for storage of hot liquids and liquids having low viscosity
and high penetrating power, like petrol, diesdl oil, etc. Special problems of
shrinkage, arising from storage of non-aqueous liquids and the measures
necessary where chemical attack is possible, are also not dealt with.

The recommendations generally apply to storage of agueous liquids and
solutions which have no detrimental action on concrete and steel, or where
sufficient precautions are taken to ensure protection of concrete and steel from
damages due to action of such liquids which may have corrosive action.

Testing

Testing of liquid-retaining structures, whenever required, shall be in accord-
ance with provisions of Appendix-G.

Design Basis



721

722

7.2.3

724

7.2.5

Liquid-retaining concrete structures for the containment, treatment or
transmission of water, liquid waste shall be designed and constructed to be
water-tight with near-zero | eak tightness under the required load combinations
determined from the considerations of functional and safety requirements.

Design of liquid-retaining structuresimportant to safety, strength, serviceabil-
ity, stability requires, durability and low permeability all in equal measure. The
concrete of these structure should possess the following qualities:

@ be extremely dense and impermeable to minimise leakage (ingress or

egress);
(b)  provide maximum resistance to corrosion; and

(c)  provide smooth surfaces to minimise flow resistance.

Design shall be carried out for al individual loadings givenin AERB/SS/CSE
and their suitable combinations, such as those described in chapter
3, 4 and 6.

(@  Design shall be carried out using allowable stress design methods as
specified in chapter 4.

(b)  Inaddition, effects arising from doshing of liquid due to seismic or
any other dynamic loading conditions shall be considered inthedesign.

(0  The design shall be checked for limit state of stability.

Steel liner, if provided for functional/safety requirements, shall be designedin
accordance with standard on Design, Fabrication and Erection of Steel
Structures important to safety of Nuclear Facilities, (AERB/SS/CSE-2).
Considerations for Leaktightness

The ability of a structure to retain liquids will be reasonably assured if:

(@  the concrete mixture is well proportioned and the concrete well
consolidated without segregation;



7.2.6

727

7.2.8

729

(b)  crack widthisminimised;
(o) joints are properly spaced, sized, designed and constructed;
(d)  impervious membrane (metallic or non-metallic) is used, and

(8  adequate reinforcing stedl is provided.

Usually it is dependable to resist liquid permeation through the use of quality
concrete, proper design of joint details, and adequate reinforcement rather
than by means of an impervious protective barrier or coating. In addition,
for some concrete structure to retain contaminated liquid (say spent fuel
pooal), impervious membrane of steel is provided.

Minimum permeability of concrete is obtained by using water cement ratios
as low as possible consstent with satisfactory workability and good
compaction. Impermeability increases with age of concrete and is improved
by extended periods of moist curing. Surface treatment is important, and
surface troweling and use of smooth forms give good impermesability.

Air entrainment reduces segregation and bleeding, increases workability, and
provides resistance to the effects of freeze-thaw cycles. Thus the use of an
air-entraining agent results in better compacted concrete and permits use of
alower water cement ratio. Other admixtures, such aswater reducing agents,
and pozzolanas are useful when they lead to increased workability and
compaction with lower water cement ratios. Pozzolanas also reduce
permeability.

Cracking can be kept to a minimum by proper design, reinforcement
digtribution and spacing of joints. Cracking caused by drying shrinkage can
also be minimised by proper use of shrinkage-compensating concrete, but for
the design to be successful, the engineer must recogni se the characteristicsand
properties of shrinkage-compensating concrete. Some shrinkage will always
occur in normal concrete, and joints and reinforcement should be designed to
control the effects of shrinkage.

7.2.10 Joint design should also consider the movement resulting from thermal

dimensional changesand differential settlements. Joints permitting movement



along predetermined control planes that should form a barrier to the passage
of fluids should include water stops. Good placement operations, adequate
consolidation, and proper curing also are essential to control cracking.

7.2.11 For durability refer cl. 2.3.11 through 2.3.15.

7.3

731

732

733

734

735

Design Requirements

When load combinations given in cl. 3.7.3 are used for examining
serviceability, the partial safety factor fi shall be taken as 1.0 for all
individual loads.

Loads

All structures required for retaining liquids should be designed for both full
and empty conditions, and the assumptions regarding arrangement of loading
should be such asto cause the most critical effects. Particular attention should
be paid to possible diding and overturning.

Liquid loads should allow for the actual density of the contained liquid and
possible transient conditions, e.g. suspended or deposited silt or grit where
appropriate. For limit state of strength liquid level should be taken up to the
top of walls assuming that liquid outlets are blocked. For serviceability
examination the liquid level should be taken to the working level or the
overflow level as appropriate to working conditions.

Allowance should be made for adverse effects of any soil pressures on walls,
according to the compaction and/or surcharge of the soil and the condition of
the structure during constructionsand in-service. For normal design condition,
no relief should be given for beneficial soil pressure effects on walls when the
liquid-retaining structure is considered full.

Effect of solar radiation aswell asthat of contained liquid shall be considered.
(An example of a critical adverse loading effect occurs when thermal
expansion of aroof forcesthewalls of an empty structureinto the surrounding
backfill. In this case the passive soil pressure on walls may be limited by
insertion of a thickness of compressible and durable material and/or by
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736

7.3.7

7.38

739

providing a diding joint between the top of the wall and the underside of
the roof. This can be either a temporary free diding joint that is not cast into
a fixed or pinned connection until reflective gravel or other solar protective
material is placed on the roof, or a permanently diding joint of assessed
limiting friction. Movement of a roof may also occur where there are
substantial variations in the temperature of contained liquid. Where a roof
isrigidly connected to a wall this may lead to additional loading in the wall
that should be considered in the design.)

Earth covering on reservoir roofs may be taken as dead load, but due account
should be given to construction loads from plant and heaped earth which may
exceed the intended design load.

Additional Requirements for Allowable Stress Design

Reinforced and prestressed members shall be so proportioned that induced

gress in all #oad coml?inalions induced stresses do not exceed permissible

values. The—%ceqwirem#ﬁs given hereinafter are in addition to those of
fea ba

chapter-4.

In the case of a member subjected to axial load and bending moment (i.e. an
equivalent of an axial forcewith eccentricity) thefollowing interaction equation
isto be satisfied when equivalent eccentricity islessthan 0.3 times the depth
of section (depth of section being considered in the direction of
eccentricity).

(7.1)

where f . is a calculated direct compressive stress in concrete, ., the
permissible direct compressive stress in concrete (ref. 7.3.9 and 7.3.10), fy,.
the calculated bending compressive stressin concrete and fy,, the permissible
bending compressive stress in concrete (ref. cl. 7.3.9 and 7.3.10)

The allowable stress for concrete shall be determined using the provisions of

cl. 4.2.4 through 4.2.7 and that for non-prestressed reinforcing steel shall be
taken from Table 7.1.
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7310 For prestressed concrete cylindrical tanks the following conditions shall be
satisfied.

@

(b)

(©

When the tank is full, there shall be a minimum compressive stress as
follows:

normal design condition : 0.67 N/sg.mm,
abnormal design condition : 0.5 N/sg.mm.

When thetank isempty, thetensile stressat any point shall not be more
than the following:

normal design condition : 0.75 N/sg.mm,
abnormal design condition : 1.0 N/sg.mm.

When atank isto be emptied and filled at frequent intervals, or may
be left empty for a prolonged period, the tank shall be designed such
that there is a residual compression when the tank is either empty or
full. —

Examination of Serviceability: Cracking

7.3.11 Unless otherwise stated, the permissible crack width for non-prestressed
concrete shall not be more than the limiting values given in Table 7.2, when
crack widthiscalculated using methodology givenin Appendix-C. Thelimits
given in the table are applicable when concrete cover is not greater than
100 mm.

7.3.12 Computed tensile stress shall be limited to (0.7 f,) at radioactive
liquid-retaining face, otherwise liner shall be used.

7.3.13 In case of prestressed structures the general basis of design shall be in
accordance with the provisons of chapter 6. The cracking of the
liquid-retaining face, when unlined with a metallic liner, shall be avoided
under all design load combinations.

Examination of Serviceability : Deflection

7.3.14 Theprovisonsof serviceability asdescribedincl. 3.7.4t0 3.7.16 areapplicable
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for horizontal members carrying uniformly distributed load unless

stated otherwise.
7.3.15 For acantilever wall which tapersuniformly away from the support and which
is loaded with a triangular pressure, a net reduction ffactor should be applied
to the ratios given in Table 3.6 if the thickness at |the top is less than 0.6
times the thickness at the base. This reduction fagtor can be assumed tg
varv linaarhvy haobhwioon 1 0O A 079 \whora thao Hﬁiqﬂéﬂ@_ﬁ_nhe_tep%
vary—Hnearhy—between—1-0-and-0-78-where-the-thi
between 0.6 and 0.3 times the thickness at the bottpm.
TFABLE 7 —PERMISSHBLEESTRESSESHNNON-PRESTRESSED
STEEL REINFORCEMENT
Allowable Stfess (N/sglmm)
N f 5 i " High-yield Strength
ature of Stress Mild Bteel Sted @
Normal |Abnormal | Normal | Abnormal
Tensle stress in members
under direct tension 115 175 150 225
Tensle stress in members
in bending:
(& Onliquid-retaining
face of members 115 175 150 225
(b) On face away from liquid
for members less than 115 175 150 225
250 mm
(¢) On face away from liquid
for members 250 mm or
more in thickness 125 190 190 290
Tendle dress in shear reinforcement
(8 For members less than 115 175 150 225



250mm

(b) For members 250 mm or
mere-a-thickness 125 180 175 265

Compressive stress in columns
subject to direct |oad

H
N
a

Note: (1) Round mild sted bars confarming to IS: 2062.

PN Ll o ool oot Ll £ ialCa700
Z/ T E—yrere—Srengm—acrory e S—CoRrorgTto—TorTrToor

FABHE—2——tHHWHTHING VALUES OF ERACKWWHDBIFHFOR
LIQUID RE[TAINING STRUCTURES
Allowablelcrack-width (1)
_ for various exposure types
Type of liquid Design
condition _ Severe
Normal Corrosive .
corrosive
Non-radioactive Normal 0.005¢? 0.004c 0.003c
liquid Abnormal 0.007c 0.006¢ 0.005c
Radioactive Normal 0.004c 0.003c —3
liquid Abnormal 0.006c 0.005c —
Note: (1) Unit of crack width is in mm,
) c is the clear cover,

3 When a liquid retaining structure for radioactive liquid is to be congructed in the
severely corrosive environment, proper precaution has to be taken such that the operative
environment is maintained equivalent to the corrosive environmental condition.

7.3.16 Inaddition, allowance should be made for the significant additional deflection
which occurs at the top of the wall dueto rotation, if the pressure distribution
under the base is triangular or vary asymmetrically trapezoidal. Limits for
deflections will normally be those for non-liquid-retaining structures since



only in exceptional circumstanceswill deflections be more critical with regard
to freeboard, drainage or redistribution of load.

7.3.17 At least 75% of the liquid load should be considered as permanent when
calculating deflections.

7.3.18 Retaining walls should be backfilled in even layers around the structure, the
thickness of the layers being specified by the designer. Overcompaction
adjacent to the wall should be avoided otherwise large differential deflections
(and diding) of the wall may occur.

7.319 Minimum Reinforcement for Temperature and Shrinkage

(@  Thetemperature and shrinkage reinforcement should be not less than
the ratio given in Fig. 7.1,
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Fig.7.1: RATIO OFSHRINKAGEAND TEMPERATURE
REINFORCEMENT FOR CONCRETES

a1



7.4

74.1

8.1

811

8.12

8.2

821

8.2.2

(b)  If section thickness is more than 600 mm, reinforcement should be
provided on both faces. The area of reinforcement at each face should
be determined on the basis of 300 mm thickness,

(3) The reinforcement diameter should not be less than 10 mm and
maximum spacing should be limited to 300 mm c/c on each face.

Limit State of Stability

The design shall comply with the requirements of limit state of stability in
accordance with Section 3.8.
8. PRECAST AND COMPOSITE CONSTRUCTION

General

Provisions of this chapter apply to aspectsrelated to the design and construction
of precast concrete structural elements and composite construction
(related primarily to reinforced concrete portion).

A precast concrete member isdefined as concrete e ement cast at a place other
than its final position in the structure. All provisions of this standard, not
specifically excluded, and not in conflict with provisons herein, shall
apply to precast concrete members.

Precast Concrete Structures

In precast congtruction that does not behave monolithically, effects at all
interconnected and adjoining details shall be considered to assure
proper performance of the structural system.

Design Principles

(@  Designof precast members shall consider all loading and restraint



conditions from initial fabrication to completion of the structure,
including form removal, storage, transportation and erection,

(b)  Effects of initial and long-time deflections shall be considered,
including effects on interconnected elements,

(c0  Design of joints and bearings shall include effects of all forces to be
transmitted, including shrinkage, creep, temperature, elastic deforma-
tion, wind and earthquake,

(d)  All details shall be designed to provide for manufacturing and
erection tolerances and temporary erection stresses.

Detailing

8.2.3 Reinforcement detailing of precast concrete members should be done in
accordance with the relevant requirements of Appendix-E.

8.24 All details of reinforcement, connections, bearing seats, inserts, anchors,
concrete cover, openings, lifting devices, fabrication, and erection tolerances
shall be shown on the shop drawings.

8.25 When approved by the authorised engineer, embedded items (such as dowels
or inserts) that either protrudefrom concrete or remain exposed for inspection
may be embedded while concreteisin a plagtic state, provided the embedded
items are:

(@ not required to be hooked or tied to reinforcement within plastic
concrete;

(b)  maintained in correct position while the concrete remains plastic; and

(c)  properly anchored to develop required factored loads.

Construction Aspects

826 (80 Each precast member or element shall be marked to indicate the
location in the sructure, top or outside surface, and the date of



8.2.7

8.2.8

8.3

831

832

8.33

8.34

8.35

8.3.6

8.3.7

fabrication,
(b)  Identification marks shall correspond to the placing plans.

During curing, form removal, storage, transportation and erection, precast
members shall not be overstressed, warped, or otherwise damaged or have
camber adversely affected.

Precast members shall be adequately braced and supported during erection to
insure proper alignment and structural integrity until permanent connections
are completed.

Composite Structur al Elements

Provisions of this section apply to the design of composite concrete flexural
members defined as cast-in-situ concrete elements constructed in separate
placements but so interconnected that all elements act as a unit.

Analysis and Design Assumptions

An entire composite member or portions thereof may be used in resisting
shear and moment.

Individual elements shall be investigated for all critical stages of loading.
If the specified strength, unit weight or other properties of various elements
aredifferent, propertiesof individual elementsor themost critical values, shall

be used in design.

In strength computationsof composite members, no distinction shall be made
between shored and unshored members.

Stress for normal design conditions shall be evaluated for both shored and
unshored members.

All dlements shall be designed to support all loads introduced prior to full
development of design strength of composite members.



8.3.8 Reinforcement shall be provided asrequiredto control cracking and to prevent
separation of individual elements of composite members.

8.3.9 Composite members shall meet therequirements for control of deflections
in accordance with section 8.3.21.

Shoring

8.3.10 When used, shoring shall not be removed until supported elements will have
developed design properties required to support all loads, and to limit
deflections and cracking during removal of shoring.
Vertical Shear Strength

8.3.11 When an entire composite member isassumed to res &t vertical shear, thedesign
shall be in accordance with requirements of chapter 3 as for a monolithically
cast member of the same cross-sectional shape.

8.3.12 Shear reinforcement shall be fully anchored into interconnected el ements.

8.3.13 Extended and anchored shear reinforcement may be included as ties for
horizontal shear.

Horizontal Shear Strength

8.3.14 In a composite member, full transfer of horizontal shear forces shall be
assured at contact surfaces of interconnected elements.

8.3.15 Unlesscalculated in accordancewith cl. 8.3.16 design of cross-sections subject
to horizontal shear shall be based on

Vi < Vins (8.1)

where V,, is the factored shear force at the section considered and V,, is the
factored shear resistance calculated in accordance with the following:

9%



(&  When contact surfaces are clean, free of laitance, and intentionally
roughened, shear strength V, (in Newton), shall not be greater than
0.42 b,d, inwhich b, is the width of cross section at contact surface
being investigated for horizontal shear (in mm), and d is the distance
(in mm) from the extreme compression fibre to the centroid of tension
reinforcement for entire composite section,

(b)  Whenminimum tiesare provided in accordancewith cl. 8.3.18 through
8.3.20 and contact surfaces are clean and free of laitance, but not
intentionally roughened, V,, shall not be taken greater than
0.42 b,d,

(0 Whenminimum tiesare providedin accordancewith cl. 8.3.18 through
8.3.20 and contact surfacesare clean, free of laitance, and intentionally
roughened to a full amplitude of approximately 6 mm,
Vi, shall not be taken greater than 1.8 b, d,

(d)  When factored shear force V,, at section considered exceeds 1.8 b, d,
the design for horizontal shear shall bein accordance with cl. 3.6.11
through 3.6.18.

8.3.16 Horizontal shear may be investigated by computing the actual compressive or
tensile force in any segment, and provisions made to transfer that force as
horizontal shear to the supporting element. Thefactored horizontal shear force
shall not exceed horizontal shear strength as given in cl. 8.3.15.

8.3.17 When tension exists across any contact surface between interconnected
elements, shear transfer by contact may be assumed only when minimum ties
are provided in accordance with cl. 8.3.18 through 8.3.20.
Ties for Horizontal Shear

8.3.18 When ties are provided to transfer horizontal shear, tie area and spacing shall
conform to the requirement of Appendix-E. Tie spacing shall neither exceed

4 times the least dimension of supported element nor 600 mm.

8.3.19 Tiesfor horizontal shear may consist of single bars or multipleleg stirrups,
or vertical legs of welded wire fabric (smooth or deformed).

9%



8.3.20 All ties shall be fully anchored into interconnected elements.

Limiting Deflection Criteria

8.3.21 If composite flexural members are supported during construction so that,

8.4

84.1

84.2

843

after removal of temporary supports, dead load is resisted by full composite
section, the composite member may be considered equivalent to a
monolithically cast member for computation of deflection. For non-
prestressed members considered equivalent to a monolithically cast member,
the values for minimum member thickness given in Tables 3.6 or 3.7 as
appropriate, shall apply. If deflection is computed, account should be taken
for curvaturesresulting from differential shrinkage of cast-in-situ components
and of axial creep effects in a prestressed concrete member.

Composite Construction of Steel and Concrete Elements

Provision of this section appliesto design of flexural composite section having
structural steel and concrete elements so interconnected that all elements act
as a unit.

Flexural Strength of Composite Section

Composite structural elements (with steel and concrete material) shall be
designed satisfying the provisions of this chapter and those stipulated in the
standard on Design, Fabrication and Erection of Steel Structures Important to
Safety of Nuclear Facilities (AERB/SSICSE-2). All requirement of this
standard shall apply to composite concrete flexural members, except as
specifically modified herein.

The strength of a fully composite section shall depend on yield strength and
section properties of steel elements (ref. AERB/SG/CSE-4), concrete element
strength, and the interaction capacity of the shear connectors joining the
concrete and steel elements. The moment of resistance of the composite section
should be determined using allowable stress design method.
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845

8.5

851

8.5.2

8.5.3

854

8.55

In determining the moment capacity, concrete shall be assumed to take only
compressive stress.

The composite section (dlab beam construction) shall be proportioned to ensure
that neutral axisshall liewithin the dab and the steel beam isfully in tension.

Composite Construction with Steel and Concrete for Compression
Members

Composite compression members shall include all such members reinforced
longitudinally with structural steel shapes, pipe or tubing with or without
longitudinal bars.

Strength of a composite member shall be computed for the same limiting
conditions applicable to ordinary reinforced concrete members.

Any axial lodd strength assignéd to concrete of a composite member shall be
transferred tg the concrete by members or brackets in direct bearing on the
composite member concrete.

All axial load strength not assigned to concrete of a composite member shall
be developed by direct connection to the structural steel shape, pipe or tube.

To evaluate denderness effects, radius of gyration of a composite section shall
not be greater than the value given by

(Eclg/5) + Egly %
r= ——— . (82)
(EcAY/5) + EsA

In lieu of a more accurate calculation, El in Eq. (3.14) may be taken either
as Eqg. (3.15) or

(Eclg /5)
+

Ed, . (8.3



8.5.6

8.5.7

8.5.8

1+ d

where A, is the area of structural steel shape, pipe or tubing in a composite
section and I, is the moment of inertia of structural steel shape, pipe or tubing
in a composite member cross-section.

Structural Steel Encased Concrete Core

For a composite member with concrete core encased by structural sted, the
thickness of steel encasement shall not be less than

b (fy I 3E)*, for each face of width b,
nor
h(f, / 8E,)*, for circular sections of diameter h.

Longitudinal bars located within encased concrete core may be considered in
computing A, and |;.

Spiral Reinforcement around Structural Steel Core

A composite member with spirally reinforced concrete around astructural steel
core shall conform to the following:

(@  characteristic strength of concrete f, shall be not less than 20 MPa,

(b)  design yield grength of structural steel core shall be the specified
minimum yield strength for grade of structural steel used but not to
exceed 350 MPa;

(©)  spiral reinforcement shall conform to cl. E.4.8;

(d)  longitudinal bars located within the spiral shall not be less than 0.01
nor more than 0.08 times the net area of concrete section; and

(e longitudinal bars located within the spiral may be considered in
computing A, and |;.

Tie Reinforcement around Structural Steel Core



859 A composite member with laterally tied concrete around a structural steel core
shall conform to the following:

(@  characteristic strength of concrete f shall be not less than 20 MPa,

(b)  design yield drength of structural steel core shall be the specified
minimum yield strength of grade of structural steel used but not to
exceed 350 MPa; and

(o) lateral tiesshall extend completely around the structural steel core and
should satisfy the requirement of cl.E.4.7.

APPENDI X-A

THERMAL CONSIDERATIONS
A.l Genead

A.1.1 Reinforced concrete structuresimportant to safety of nuclear facilities shall
conform to the minimum provisions of this standard and to the special
provisionsgiven herein for structural members subject to temperature variation
of following types:

(@  Postion dependent:

Variation through thickness and along the geometric centre of the
member,

(b)  Time-dependent:
Transient temperature distribution and the final steady-state condition.

These temperature variations are produced by combinations of ambient
temperatures, operating temperatures and accident or abnormal temperatures.

A.1.2 Example of structures important to safety or part of them subjected to
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Al3

A.l4

A2

A2l

A.2.2

A23

significant ambient, operating and/or accident temperatures are major
shielding members, external walls and dabs, pipe supports and restraints and
any structure in the vicinity of high energy piping system.

The provisions herein shall apply to concrete structures which are subjected
to the above mentioned temperature variations and which haverestraint such
that thermal strains would result in thermal stresses.

The provisions herein do not addresstemperature requirementsduring curing,
nor does it address the conventional shrinkage and temperature
reinforcement.

Limiting Value of Concrete Temperatures

Normal Operation

Thefollowing temperature limitations shall be enforced for normal operation
or any other long term period:

(@  temperature shall not exceed 65°C in general; and

(b) inlocal areas, such asaround penetrations, the temperatures shall not
exceed 90°C.

Accident Conditions

The following temperature limitations are for accident or any other short-
term period:

(@  the general surface temperature shall not exceed 175°C; and

(b)  inlocal areasthetemperature may reach 340°C dueto gection of steam
or water jet in the event of pipe failure.

Effect of High Temperature on Design Strength
Temperature higher than that givenincl. A.2.1 and A.2.2 may be allowed for

concrete if tests are provided to evaluate the reduction in strength, and if this
reduction is applied in designing the section.
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A24

A3

A3l

A32

A33

A34

If temperatures higher than that givenincl A.2.1 and A.2.2 are permitted,
evidence shall be provided which verifies that the increased temperatures do
not cause deterioration of the concrete either with or without load, and the
required fixed water for concrete in radiation shield is not removed.

Design Approach
Assumptions

Linear thermal strain shall be assumed to cause stress under conditions
of restraint, and aportion of such stress may be self-relieving. Mechanisms
for such relief are: cracking, yielding, relaxation, creep and other time-
dependent deformations.

Design provisionsherein are based on the limit state design methods acceptable
tothisstandard. The assumptions, principlesand requirements specified in this
standard shall be applicable for both normal design conditionsand abnormal
design conditions defined in cl. 2.1.3.

Serviceability of the structure shall be ensured under steady-state temperature
conditions. Deflection and cracks shall be controlled in accordance with
provisions given in section 3.3.

Design Reguirements (ref. Fig. A1)

(8  The effects of gradient temperature distribution and the difference
between mean temperature distribution (T,) and base temperature
(Ty) during normal operation or accident conditions shall be
considered. Refer Fig. A.1 depicting different temperature
distributions across a structural member,

(b)  The mean temperature distribution T, is defined as

+0.5h
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A35

A.3.6

1

Ty = T (T Tpay, (A3.1)

05h

where, h is the overall thickness of the member; T, the base
temperature and Ty, the nonlinear temperature distribution.

The integral is over the area bounded between Ty and T,,. The Ty - curve
may be replaced by the equivalent linear temperature distribution, T
(Fig. A.1) so that the latter produces uncracked moment about the centre line
of the section same as the Ty, -curve would produce. The equivalent linear
temperature distribution has an average temperature of T, and a gradient T.
For rectangular sections,

1 +0.5h
T=—- Ty vdy. (A3.2)
h?  osh

This integral is the moment of the area under Ty, - curve about the section
centreline.

Time-dependent variations of temperature distributions shall be consideredin
evaluating thermal strains for both normal and abnormal design conditions.

Thermal stressshall be evaluated considering therigidity of the section (which
dependson cracking of cross-section), stiffness of the member (which depends
on variation of cracking along the length of member), and the degree of restraint
of the structure (freedom of the member to move under thermal loads). The
evaluation may be based on cracked section properties, provided thefollowing
conditions are met:

(@  the tensile stress for any section exceeds 0.7 (fy)*, the section is
considered cracked;

(b)  redigribution of internal stresses and strains due to cracking are
included; and
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() all concurrent loads, as specified in chapters 4 and 5 shall be
considered along with thermal loading.

A.3.7 Alternatively, the thermal stress problem may be handled by performing a
structural analysiswherethermal load isassumedto act on amonolithic section
which may be considered to be uncracked. Such an analysis will give
conservative results because it does not account for the self-relieving nature
of thermal stress due to cracking and deformation.

A.3.8 Thermal stress shall be combined with stress due to other oads to determine
design stress. The magnitude of design stress shall not be less than the
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B.1

B.1.1

B.2

B.2.1

magnitude of stress due to other loadings alone unless the following are
considered:

(@  the effect of cracking in the tensile zone of flexural members on
reduction of flexural rigidity and on redistribution of stress;

(b)  thereduction of long-term stresses due to creep, and shrinkage; and

(o  stress combinations that reduce the magnitude of stress due to other
loads utilizing actual temperatures and temperature distributions
which act concurrently with other loads.

APPENDI X-B
ESTIMATION OF CREEP AND SHRINKAGE
General

The creep strain and shrinkage strain of concrete depends on several aspects
and site-specific data. I n the absence of site-specific data and detailed studies,
the creep strain and shrinkage strain may be predicted as given below. These
predictions consider only those parameters that are normally known to the
designer. These are valid for ordinary structural concrete (15 MPa<fy <100
MPa) subjected to a compressive stress of magnitude less than 40% of the
mean compressive strength at the age of loading and exposed to mean relative
humidities in the range of 40% to 100% at mean temperatures from 5°C to
30°C with seasonal variations between approx 20°C and +40°C.

Creep Strain
Creep is the increase in strain under sustained stress.  Within the range of

service compressive stresses of magnitude less than 40% of the mean
compressive strength of concrete, creep is assumed to be linearly related to
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B.2.2

B.2.3

stress. At any age t, the creep strain . of a concrete member under a
constant compressive stress applied at time t, may be calculated as

CC: Cr ( C/ E()’ (Bl)
where t,, is the age of concrete at loading (days), t the age of concrete (days)
at the moment considered (t > t,), E; is the short-term static modulus of
eladticity of concrete, C is the creep coefficient and  the compressive
stress, applied at time t,, to which the concrete member under consideration

is subjected.

To take the effect of creep in design, the value of modulus of eladticity of
concrete may be modified as follows:

E = E./(1+C), (B.2)
where E; is the modified modulus of elasticity of concrete.
The creep coefficient may be calculated as

G=C (B.3)

where C,, isthe notional creep coefficient, and . isthe coefficient to describe
development of creep with time after loading.

The notional creep coefficient may be estimated as

C, =Cry (g (i) (B.4)
with
co =14 L (RHI0O) (B5)
RH 0.46(h/100) V3’ '
5.3
(fem)=——— (B.6)
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(0.1 fem)05

1

(ty = ®7)

0.1 + (to)02

where,
RH = relative humidity of the ambient environment (%),

h notional sizelof member (mm),

=| 2AJu, wherg A is the cross-section and u the perimeter of the
area of the member in contact with the atmosphere,

f.y = mMean compressive strength of concrete at the age of 28 days
(MPa)

= 08fy+ f wherefyisthecharacteristiccompressivestrength
(cube) of concreteat theageof 28 days(MPa)and  f=8MPa.

B.2.4 The development of creep with time is given by

~ (t to) 0.3
vy ()

with,

b =15h{1+ [1F(RH/100)]18} +1250 < 1500. (B.9)

Effect of Type of Cement and Curing Temperature
B.2.5 Theseeffectsmay beaccounted for by modifying the age at loadingt, asshown

below:

ty=toy —————+1 >05 day, (B.10)
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2+ (to,T) 12

with

tor= t, exp 13.65 4000

B.11
i—1 273+T (84D

= temperature adjusted age of concrete at loading (days). This

accounts for deviations from a mean concrete temperature of

20°C for the range of approximately 0°C to 80°C (maximum),
1 for dow hardening cements,

—
o
p|

|

0 for normal or rapid hardening cements,

1 for rapid hardening high-strength cements,

t = number of days when a temperature T prevails, and

T = temperature (°C) during the time period t;.
Effect of High Stresses
B.2.6 For stresslevels exceeding 40% but within 60% of mean compressive strength
of concrete at the age of loading, the nonlinearity of creep may be taken into
account as given below:
Cok=Coexpl (k04 (B.12)

where,

Chk = Nonlinear notional creep coefficient which replaces C, in
equation (B.3),

k = ratio of stress-to-mean strength at the age t,, and
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= 1.5. For mass concrete and at very high humidities, may be
as low as 0.5.

B.3 Shrinkage Strain
B.3.1 The shrinkage strain 4 may be calculated as
£~ n s (B.13)

where | isthenotional shrinkage coefficient and 4the coefficient to describe
the development of shrinkage with time.

B.3.2 The notional shrinkage coefficient may be estimated as.

n — s RH

with

s =[160+ 10 (9 0.1 fg,)] 106, (B.14)
where,

fon = as defined in B.2.3,

« = 4 for dowly hardening cements,
=5 for normal or rapid hardening cements,

=8 for rapid hardening high-strength cements,

ru=[ 155 gy for 40% < RH < 99%, (B.153)
Riy= b+ 0.25 for RH > 9995, (B.15b)
with

wu =1 (RH/A00)3, (B.16)
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RH is as defined in B.2.3.

B.3.3 The development of shrinkage with time is given by

C1l

C1l1

C2

C21

05
= 1 , (B.17)
350(h/100)2+(t t

where h is as defined in B.2.3, t is the age of concrete (days), and tg is the
age of concrete (days) at the beginning of shrinkagei.e. curing period (days).
APPENDIX-C

ESTIMATION OF CRACK WIDTH
One-Way Congtruction

The crack widthw, dueto flexural tension should be calculated using Gergely-
Lutz formula

W, = 0076 (hy/hy) fg (d, A)¥3x10 3, (C.1)

where w, is the maximum probabl e crack width (inches), h, isthedistancefrom
neutral axis to the tension fibre (inches), h, is the distance from neutral axis
to the reinforcing steel (inches), fgisthereinforcing steel stress (ksi), d. isthe
thickness of cover from tension fibre to centre of bar closest thereto (inches),
A = 2d, s= areaof concrete symmetric with reinforcement divided by number
of bars (sq.in.), and s is the spacing of bar (inches).

Two-Way Construction
There are limitations in correct estimation of crack width for two-way dabs/

walls. However, based on the present state-of-art the following expression may
be used,

m



=
I

K g (M), (C.2)

=
[

NEWY (C3)

—h
1]

40% of design yield strength fy (ks),

diameter of bar in direction x to the concrete outer fibres
(inches).

§ = reinforcement spacing in perpendicular directiony,
x = direction for which the crack control check isto be made,

P = Asc/Ay

A, = areaof tensle reinforcement per unit width in direction x
(s9. inches),

Ay = concrete stress area in direction x
= 122 c,+ ) (s9. inches), and (C4)
c, = clear cover to sted bar in direction x (inches).

C.2.2 Thevalue of coefficient K in equation (C.2) could be taken as 2.8 x 10 5 for
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C23

D.1

D.11

D.2

D.21

fixed dab with uniformly distributed loading. For simply supported dab it is
448 x 105 For partia fixity, K is taken between 2.8 x 10° and
4.48 x 10 5, but closer to the lower value.

Thevalueof ' variesfrom 1.20 to 1.35. To smplify calculations ' may be
taken as 1.30.

APPENDIX-D

EFFECTIVE LENGTH OF COLUMNS
General

The effective height, | of a column in a given plane may be obtained from
the following equation:

(D.1)

Valuesof k aregivenin TablesD.1 and D.2 for braced and unbraced columns
respectively as a function of end conditions of the column. Formulae of cl.
D.3 may be used to obtain a more rigorous assessment of effective length,
if desired. It should be noted that the effective height of a column in the two
plan directions may be different.

In TablesD.1 and D.2 the end conditions are defined in terms of a scale from
1 to 4. Increase in this scale corresponds to a decrease in end fixity. An
appropriate value can be assessed from D.2.1.

End Conditions

The four end conditions are as follows:
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(b)

Condition 1: The end of the column is connected monoalithically to
beams on either sidewhich are at |east as deep asthe overall dimension
of the columnin the plane considered. Where the column is connected
to afoundation structure, this should be of aform specifically designed

to carry moment,

Condition 2: The end of the column is connected monoalithically to
beams or dabs on either side which are shallower than the overall
dimension of the column in the plane considered,

(©

Condition 3: Theen

d of the column is connected to members which,

while not specificall
column will, neverth

ydesigrnedtop

eless, provide S

ovide Testraimt

ome nominal r

toTotationmof th
raint,

()

Condition4: Theen

of thecolumni

unrestrained g

gainst both |aterall

movement and rotati

on (e.g. the free

end of a cantil

ever column in an

unbraced structure).

TABLE D.1: VALUES OF k FOR BRACED COLUMNS

End condition at bottom

End condition at top

2 3
1 0.75 0.80 0.90
2 0.80 0.85 0.95
3 0.90 0.95 1.00

TABLE D.2: VALUES OF k

FOR UNBRA(

[ED COLUMNS

End condition at top

1.
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End condition at bottom

2
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D.3

D31

D32

D.33

D.34

2 13 15 18
3 16 18 —
4 22 — —

Rigorous Assessment of Effective Column Length

Simplified recommendationsaregivenin D.1.1 for the assessment of effective

column heights for common situations. Where a more accurate assessment

is desired, the equations given hereinafter may be used.

Braced columns. Effective Height for Framed Structures

The effective height for framed structures may be taken as the lesser of:
le= 1c[0.7+ 005 ( o1+ (] <l (D.2)
le = 1. [0.85 + 0.05 ( ¢pin)] < ¢ (D.3)

Unbraced columns : Effective Height for Framed Structures

The effective height for framed structures may be taken as the lesser of:

I [LO+015 (o1 + ), (D.4)

g (20 + 03 ¢pmin)- (D.5)

In equations (D.2) to (D.5) following symbols are used.

effective height of a column in the plane of bending considered,

clear height between end restraints,

ratio of the sum of the column stiffness to the sum of beam stiffness
at the lower end of a column,

c,1
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- ratio of the sum of column stiffness to the sum of beam stiffness
at the upper end of a column, and

c,2

c.min - lesser of ol and c2

D.3.5 In the calculation of . only members properly framed into the end of the
column in the appropriate plane of bending should be considered. For
computation of stiffness of members, unsupported length of the membersis
to be considered.

Relative Stiffness

D.3.6 Inspecific casesof relative gtiffnessthe following simplifying assumptions may
be used:
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E13
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(@  flat dab construction: the beam gtiffness is based on an equivalent
beam of the width and thickness of the dab forming the column strip;

()  simply supported beams framing into a column: . to be taken as 10;

(c)  connection between column and base designed to resist only nominal
moment: . to be taken as 10;

(d)  connection between column and base designed to resist column
moment: . to be taken as 1.0.

APPENDIX-E

DETAILING OF REINFORCEMENTS
General Requirements

(8 Reinforcing steel, conforming to the requirements of AERB/SG/CSE-4,
shall be used asreinforcement in astructural member,

(b) Barsmay bearranged singly or in pairsin contact or in groups of three
or four bars bundled in contact.

All gructures shall be detailed for achieving ductility.

Diameter

Thediameter of round bar isitsnominal diameter, and in the case of barswhich
are not round or in the case of deformed bars the diameter is taken as the
diameter of a circle giving an equivalent effective area. For bundled bars, the
equivalent diameter shall be considered.

Minimum Spacing

The minimum clear distance between two parallel main reinforcing bars shall
be not less than the greatest of the following:

(@  the diameter of the largest bar if the diameters are unequal; and
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E.16

E.17

E18

E.1.9

(b) 5 mm more than the nominal maximum size of coarse aggregate.

The size of aggregates may be reduced around congested reinforcement to
comply with this provision.

When needlevibratorsare used the horizontal distance between groups of bars
may be reduced to two-thirds the nominal maximum size of coarse aggregate,
provided that sufficient space is left between groups of bars to enable the
vibrator to be immersed.

Where parallel reinforcement is placed in two or more layers, bars in upper
layersshall be placed directly above barsin the bottom layer with clear distance
between layersnot lessthan 25 mm, nor lessthan the space, givenincl. E.1.4.

(@  Clear distance limitation between bars shall also apply to the clear
distance between a contact lap splice and adjacent splices of bars,

(b)  Clear distance between pretensioning tendonsat each end of amember
shall be not less than 4 times the wire diameter or 3 times the strand
diameter whichever is applicable.

Maximum Distance Between Bars

(@  For barsin beams refer section E.2,
(b)  For barsin dab, shells and folded plate refer section E.3,
(©)  For barsin columns and walls refer section E.4,

(d)  For barsin foundation refer section E.5.
Clear Cover
The minimum requirements for clear concrete cover to reinforcement is

given in cl. E.1.11 to E.1.13 for cast-in-situ concrete (non-prestressed),
precast concrete, and prestressed concrete respectively. Increased cover
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thicknesses are required when surfaces of concrete members are exposed
to the action of harmful chemicals (asin the case of concrete in contact
with earth faces contaminated with such chemicals), acid vapour, saline
atmosphere, sulphurous smoke, etc. Clear concrete cover to reinforcement
shall not exceed 80 mm.

E.1.9.1 For the purpose of cover thickness, the following environmental conditions
(exposure type) are considered:

(& Normal: ordinary conditions both outdoor and indoor,
(b)  Corrosive

(0] As compared to normal exposure, reinforcement subject to
severe weather, detrimental influences such as alternate wetting
and drying, chemicals, etc.

(i)  Structures exposed to soil or rock and structures below
underground water containing harmful substances.

(iii)  Structuressubmerged in seawater and structuresexposed to mild
marine environment, etc.

(c)  Severe Corrosive Environment:
0] Reinforcement subjected to considerable detrimental influence.

(ii)  Structures exposed to tides, splashes, severe, ocean winds, etc.
Cagt-in-Situ Concrete (Non-prestressed)
E.1.10 The minimum concrete cover shall be provided in accordance with Table E.1
for reinforcement. In no case cover shall be less than the largest diameter
of bars used.

Precast Concrete

E.1.11 The minimum concrete cover should be provided in accordancewith Table E.2
for reinforcement. In no case the cover shall belessthan diameters of bars.
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Prestressed Concrete

E.1.12(a)  Thefollowing minimum concrete cover shall be provided in accordanc
with Taﬁ)le E.3 for prestressed reinforcement, ducts and end fittings.
(b)  For pregtressed concrete Imembers exposed lo earth, weather o
corrosive environments, and in which permissible tensile stress of cl|
6.3.3 is exceeded, minimunp cover shall be increased by 50%.
(O—Forpresiressedconcretememnbersmanufacturediuncder-prant condition;
minimum concrete cover for non-prestressed rei pforcement shall be ag
required|in E.1.11.
TABLE E.1: [MINIMUM CONCRETE COVER KFOR
NON-PRESTRESSED-CASTF-HN-SHIU-CONCRETE
Mjinimum Cover (mm)
Member Type Normal Corrosive Severe
Environment Environment Corrosive
Environment
Slabs, walls, 25 or diameter 50 75
and joints. of bar whichever
islarger.
Beams and columns
- Main reinforcement 40 50 75
- Tiedstirrup/spiral 25 30 40
Shellsand 150 @ 40 —
folded plates whichever is
greater.
Note: (1) is diameter of bars

@

For concrete cast againgt soil/rock, the covers specified for severe corrosive environment



should be adopted.

Clear Cover Requirement for Fire Protection

E.1.13 The member sizes and reinforcement coversthat shall be designed to provide
for fire resistance for different fire-ratingisgiven-inFable E4-When-cover
is more than 40 mm, wire mesh|shall be used for protection agaipst spalling.
IRC fabrit as per 1S:498 is suggested. Typical wire mesh which cpuld be used
5100 X 100X 2T diet

TABLEE[2: MINIMUM CONCRETE COVER FORPRECAST
CONCRETE MEMBERS
i\VI“IIiIIIUIII CUVU (III II)
(for different|diameter jof bar)
Member type Exposure type
10 and 12-16 32 and | 40 and
smaller smaller | above

Bemmsanfbints | Normal — 15 15 30

columns Corrosive _ 30 40 50

- Tiedtirrup/

Yladdl panel s Normal — 15 15 30

Corrosive — 20 30 40

Beams and

Normal — 35 35 35
columns

- Main reinf.

Corrosive _ 45 45 45
Normal T 15 15 15
Corrosive — 20 20 20



Shells and Normal 10 15
folded plate
Corrosive — 35 45 45 or
whichever
is greater

E.1.14 In case of beam, when

the width is great

er than minimy

m value as given in

FabteE4themmm
the correction given
be less than specified

A

1T COVEL UfIU.IIfUI
in Table E.5. In
for dab.

cementmay be

no case the r

oD fasud = i

actitstecHby—apptyin

esulting cover shall

ADI C A
ADLTLC.O. VI

Yo
FURTRESTRR

CGONCRETEMEMBERS
Minijmum Cover (mm)
Member Type Normal Carrosive Severe
Environment |Environment Corrosive
Environment

Slabs, walls, 20 30 75
and joints.
Beams and columns
- Main reinf. 40 40 75
- Tieddtirrup/spiral 25 25 40
Shellsand 15 for bar dia 40 75
folded plates up to 12 mm.

20 for bar dia

above 12 mm.

E.2

Reinfor cement Requirements for Beams



Flexure Reinforcement

E.2.1 Minimum Re nforcement

@

At any section of a flexural member, except as provided in (b) below
where positive reinforcement is required by analysis, the ratio p
provided shall not be less than that given by

Prin =

In T-beams an

14171,

(E.1)

d joints where the web isin tension, p shall be computed

(b)

for this purpo
Alternatively,

paditiveor n

e using the width of web,

the area of
five shall be

reinforcement
atleast one-thin

greater than

rovidedat ey

ey Section,
hat required

(©

by analysis,

The minimum|
total area of t

eweb _inclu

area of comﬂr

on reinfor
ing the portion

inthedab or (

cement shall be

0.2% of the|
1/3)rd of the

TABLE E

tensile reinfor
is greatey.

cement (requ

red by analysis

5 at that section

) whichever

4 : FIRE PRO

TECTION H

REQUIREM EN

NTS OF R.C. |

MEMBERS

Element

Parameter

Dime
co\

Son and corT
er (mm) for R

esponding mi
esistance Per

imum
od

1 hour

2 hour

3 hour

4 hour

Column

Side

200

300

400

450

L oad-
bearing
wall

Sab

Cover

Thickness

Cover

Thickness

25

125

25

100

35

150

25

125

35

200

25

150

40

250

25
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Cover 20 25 35 55
Beam Width 125 200 250 275
Cover 30 60 70 80

Note:  Coyers indicated relate to main reinforcement bars.

E22 M J}\iIIIUIIITUId-UII Rc;llfuu,unult

ThHe_area of tension reinforcemen

shall not exceed 0.04 b h,infjwhich by,

isthe width of the web for flanged

beams and the beam width for ré¢ctangular

beams.

TABLE E.5: VARIATION OF COVER TO MAIN REINFORCEMENT

WITH MEMBER WI

Minimum increase
in width (mm)

25
50

100
150

DTH

Decrease in cover
(mm)
5
10
15
15

E.2.3 Maximum Compression Reinforcement

The maximum area of compression reinforcement shall not exceed 0.04
b,h. The compression reinforcement shall be enclosed by tirrups for

effective lateral restraint. The sti

rrup shall meet the requirements for both

tiesin columns and stirrups in beams.

E.2.4 Maximum Spacing of Tenson Rei

nforcement

The distance between parallel reinforcement bars or groups near the tension
face of a beam shall not be greater than 300 mm for fy = 250 and 200 mm

for fy, = 415 grade stedl.
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E25 Side Face Reinforcement

E2.6

E2.7

@

(b)

(©

When the depth of web of the beam exceeds 750 mm, side face
reinforcement shall be provided (to control cracking) along the two
faces. Such longitudinal bars on each face of the web shall not be less
than 0.001 times the gross area of the web,

The gpacing of bars should neither exceed 250 mm nor the
horizontal distance between the side face reinforcing bars,

The reinforcement should be provided at each face between the lower
most layer of top reinforcement or soffit of dab (in case of flanged
beam) and the upper most layer of bottom reinforcement.

Shear Reinforcement

@

(b)

(©

Shear reinforcement in beams should be taken around the outermost
tension and compression bars. In T-beams, L-beamsand |-beams, such
reinforcement should pass around the longitudinal barslocated closeto
the outer face of the flange,

Lateral reinforcement for flexural framing members subject to stress
reversalsor totorsion at supports consists of closed ties, closed stirrups
or spirals extending around the flexural reinforcement,

Closed ties or stirrups may be formed in one piece by overlapping
standard stirrupsor tiesand hooksaround alongitudinal bar, or formed
in one or two pieces lap-spliced with a splice lap of 1.3 L, in which L
is the development length.

Minimum Shear Reinforcement

Minimum shear reinforcement in the form of stirrups shall be provided such

that:

(Ag, !/ bs) > (0.4 /0.87),

where fy < 415 N/mm?, A, is the total cross-sectional area of stirrup legs
effective in shear, s, isthe stirrup spacing along the length of the member, and



b the breadth of the beam or breadth of the web of flanged beam.
E.2.8 Maximum Spacing of Shear Reinforcement

(@  Spacing of shear reinforcement placed perpendicular to the axis of
member shall not exceed 0.5 d or 300 mm whichever is lower,

()  When V, the nominal shear strength provided by shear reinforcement,
exceeds 0.35b,,d (f)*, the maximum spacing, given in the preceeding,
shall be reduced by 50%,

(c)  The following requirement of stirrup spacing is applicable up to a

distance equal to twice the member depth from the face of support
towards mid-span:

(0] The first stirrup shall be located not more than 500 mm from

the face of supporting member,
(i)  Themaximum spacing of stirrup shall not exceed the minimum
of the following:
(@ 0.254d,
(b) 8 times the diameter of the smallest longitudinal bar,
(©) 24 times the diameter of stirrup, and
(d) 300 mm.

E.2.9 Hoops in flexura members are allowed to be made up of two pieces of
reinforcement: a U-gtirrup having hooks not less than 135° with six diameter
(but not lessthan 75 mm) extension anchored in the confined core and a cross
tie to make a closed hoop. Consecutive cross ties engaging the same
longitudinal bar shall havetheir 90° hooks at opposite sides of flexural member.
If the longitudinal reinforcing bars secured by the cross ties are confined by
a dab only on one side of the flexural frame member, the 90° hooks of the
cross ties shall all be placed on that side.

Torsion Reinforcement

E.2.10 When amember is designed for torsion, both transverse and longitudinal
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torsion reinforcement shall be provided to meet the following requirements.
The longitudinal reinforcement, when placed together with tension and
compression reinforcement, shall be in addition to tension and compression
reinforcement, aswill be required for forces other than torsion. Thetransverse
reinforcement shall be in addition to stirrups, ties or spirals, required for
transverse shear forces.

E.2.11 Thetransversereinforcement for torsion shall berectangular or circular closed

stirrups placed along the axis of member. The spacing of stirrups shall not
exceed theleast of x,, (x, +y,)/4, and 300 mmwherex, andy, are respectively
the short and long dimensions of the stirrup. The stirrups shall also meet the
requirements provided in ¢l E.2.8 and E.2.9.

E2.12 Torsion reinforcement shall be provided at least a distance (b + d) beyond

the point theoretically required, in which b isthewidth of that part of member
cross-section containing the closed stirrups resisting torsion.

E.2.13 Longitudinal reinforcement should be placed as close as is practicable to

E.3

the corners of cross-section and in all cases, these shall be at least one
longitudinal bar in each corner of the ties. When the cross-sectional
dimension of the member exceeds 450 mm, additional longitudinal bars shall
be provided to satisfy the requirements of minimum reinforcement (cl. E.2.1)
and spacing given in cl. E.2.5 and shall not exceed 300 mm.

Reinforcement Requirements of Slabs, Plates and Shells

Minimum Reinforcement

E.3.1 All exposed concrete surfaces shall be provided with reinforcement placed in

two approximately perpendicular directions. Concrete surfaces shall be
considered to be exposed if they are not cast against existing concrete or against
rock. Thereinforcement shall be developed for itsspecified yield strength. The
minimum area of such reinforcement shall bein accordance with requirements
given hereinafter. This requirement may be met in total or in part by
reinforcement otherwise required to resist design loads. Reinforcement shall
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E33

E34

E.35

E.3.6

E3.7

be spaced not farther apart than 450 mm or specified otherwise.

For concrete sectionslessthan 1200 mm thick such reinforcement shall provide
at least a ratio of area of reinforcement to gross concrete area of 0.0012 in
each direction at each face.

For concrete sections having a thickness of 1200 mm or more, such reinforce-
ment shall provide an area A, in each direction at each face given by

Agnin = [0.7(f4)* 1 £] A, but need not exceed A/100.

The minimum reinforcement size shall be 20 mm. In lieu of computation,
fs may be taken as 60% of yield strength fy.

For concrete sections having a thickness of 1800 mm or more, no minimum
reinforcement isrequired for memberswhich are constructed by the principles
and practice for non-reinforced massive concrete structures.

On a tension face of a structural dab, plate or shell, where a calculated
reinforcement requirement exists, the ratio of reinforcement area provided at
the tension face to gross concrete area shall be not less than 0.0018
unitsunlessthe reinforcement area provided at thetension faceisat least one-
third greater than that required by analysis. All exposed faces of structural
dab, wall or shell shall be reinforced to meet the minimum requirements of
sections E.3.1, E.3.2, E.3.3.

Minimum Distribution Reinforcement

In addition to satisfying the requirements in cl. E.3.1, the distribution
reinforcement per unit width of dab shall also be not less than one-quarter
of the main reinforcement in the perpendicular direction.

Minimum Reinforcement for Liquid Retaining Structures

(@  The amount of shrinkage and temperature reinforcement to be
provided is dependent on the distance between joints that will dissipate



E38

E39

E.4

E4.1

E4.2

shrinkage and temperature stress in the direction of reinforcement.
The shrinkage and temperature reinforcement should not be less than
the coefficient given in Fig. E.1,

(b)  Concrete section having thickness more than 600 mm may have
minimum reinforcement at each face based on 300 mm thickness,

(o)  The spacing of reinforcement should not be more than 300 and they
are divided equally between two surfaces.

Maximum Size of Reinforcement

The diameter of reinforcing bars shall not exceed one-eighth of the total
dab thickness.

Spacing of Reinforcement

The spacing of main reinforcement shall not exceed 2 h or 300 mm,
whichever is smaller.

The spacing of the distribution reinforcement in one-way dabs shall not
exceed 3d or 400 mm whichever is smaller.

Reinforcement Requirements of Columns

Longitudinal Reinforcement

The cross-sectional area of longitudinal reinforcement shall neither be
less than 1% nor more than 5% of the gross cross-sectional area of the
scolumn. However, in the zone where bars are lapped the percentage of

reinforcement should not be more than 8% of the gross area.

In the case of pedestals in which longitudinal reinforcement is not taken
into account in strength calculations, nominal longitudinal reinforcement



EA3

E44

EA45

E.4.6

not less than 0.15% of the cross-sectional area shall be provided.

(@  The minimum number of longitudinal bars provided in a column
shall be four in rectangular columns and six in circular columns,

(b) A reinforced concrete column having helical reinforcement shall
have at least six bars of longitudinal reinforcement within the helical
reinforcement,

(¢  Thelongitudinal bars shall be not less than 12 mm in diameter.

Clear spacing of longitudinal bars of the column shall not exceed 10 times
the dia of bar or 250 mm whichever is greater. It shall also not be less than
3 times the dia of bar or 50 mm whichever is higher.

Transverse Reinforcement (Ties)

General Requirements

A reinforced concrete compression member shall have transverse or helical
reinforcement so disposed that every longitudinal bar nearest to the
compression face has effective lateral support against buckling subject to
provisonsin E.4.6 below. The effective lateral support is given by transverse
reinforcement either in the form of circular rings capable of taking up
circumferential tension or by polygonal links (lateral ties) with internal angles
not exceeding 135°. The ends of transverse reinforcement shall be
properly anchored.

Arrangement of Transverse Reinforcement (Ref. Fig. E.1)

(@  If longitudinal bars are not spaced more than 75 mm on either side,
transverse reinforcement need only to go round the corner and
alternate bars for providing effective lateral supports,

(b)  If longitudinal bars spaced at a distance of not exceeding 48 times the
tie diameter, are effectively tied in two directions, additional



S
S
S

Q@ %) IR
] 1
<150 ;51501
mm m
@
_—
@
INDIVIDUAL
L= |-— GROUPS
i TRANS\/ERSE
\ REI NFORCEM ENT
= | B
] i “DIAMETER
>3 '
= (© (d)
3 N ™
1 2 3 4

C

Fig. E.1: ARRANGEMENT OF TRANSVERSE REINFORCEMENT
INCOLUMNS

131



()

(d)

longitudinal bars between these bars need to be tied in one direction
by open ties,

Where longitudinal reinforcing bars in a compresson member are
placed in morethan onerow, the effectivelateral support to longitudinal
bars in the inner rows may be assumed to have been provided if:

0] transverse reinforcement is provided for the outermost row in
accordance with this clause, and if

(i)  nobar of theinner row iscloser to the nearest compression face
than three times the diameter of the largest bar in the inner
row,

Where longitudinal bars in a compression member are grouped (not
in contact) and each group adequately tied with transverse reinforce-
ment in accordance with this clause, the transverse reinforcement for
compression member as a whole may be provided assuming that each
group is a single longitudinal bar for determining the pitch and
diameter of the transverse reinforcement in accordance with this
clause. The diameter of such transverse reinforcement need not,
however, exceed 20 mm.

E.4.7 Pitch and Diameter of Lateral Ties

@

(b)

Pitch: The pitch of transverse reinforcement shall be not more than the
least of the following distances:

0] theleast lateral dimension of the compression member; in case
of composite section (refer chapter-8), half the least side
dimension of the composite member,

(i) dxteen times the smallest diameter of the longitudinal
reinforcement bar to be tied,

(iii) forty eight timesthe diameter of the transverse reinforcement
and

(iv) for one-sixth length or twicethelarger lateral dimension or 300
mm, whichever is greater, at each end of columns, the spacing
shall be halved, but it shall not exceed 100 mm.

Diameter:
0] The diameter of polygonal links or lateral ties shall be not less
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E4.9

than one-fourth the diameter of the largest longitudinal bar,
and in no case less than 8 mm,

(i)  Incaseof composite section (ref. chapter-8) the lateral ties shall
have a diameter not less than 1/50 times the greatest side
dimension of composite member, except that ties shall not be
smaller than 8 mm diameter bar, and need not be larger than
16 mm. Welded wire fabric of equivalent area may be used.

Helical or Spiral Reinforcement

(@  Pitch: Helical or spiral reinforcement shall be of regular formation
with the turns of helix spaced evenly and its ends anchored properly
by providing one and a half extra turns of the spiral bar. Where an
increased load on the column with helical reinforcement is allowed
for, the pitch of helical turns shall be not more than 75 mm, nor more
than one-sixth of the core diameter of the column, nor less than
25 mm, nor less than three times the diameter of the steel bar forming
the helix. In other cases, the requirements of E.4.5 and E.4.6 shall
be complied with.

(b)  Diameter: Thediameter of helical reinforcement shall bein accordance
with cl. E.4.7.

Offset at Splice

In columnswhere longitudinal barsare offset at a splice, the dope of inclined
portion of the bar with column axis shall not exceed 1 in 6, and the portions
of the bar above and below the offset shall be parallel to the column axis.
Adequate horizontal support at the offset bends shall be treated as a matter
of design, and shall be provided by metal ties, spirals, or parts of the floor
construction. Metal ties or spirals so designed shall be placed near (not more
than eight-bar diameters from) the point of bend. The horizontal thrust to
be resisted shall be assumed as 1.5 times the horizontal components of the
nominal stress in the inclined portion of the bar. Offset bars shall be bent
before being placed in the forms. Where column faces are offset 75 mm
or more, splices of vertical bars adjacent to offset face shall be made by



separate dowels overlapped as required.

E.4.10 At beam column connections the ties of column shall be continued.

E.5 Reinforcement Requirements of Walls

E.5.1 The requirement of minimum reinforcement of cl. E.3.1 to E.3.5 should be
satisfied in addition to the requirements given hereinafter.

E.5.2 Vertical Reinforcement

@

(b)

()

In the case of load-bearing walls the minimum reinforcement in
vertical direction shall be 0.4% of the gross cross-sectional area of the
concrete on any unit length, and shall be equally divided between two
faces of the wall,

The maximum area of vertical reinforcement shall not exceed 4% of
the gross cross-sectional area of the concrete in a metre length,

Vertical reinforcement need not be enclosed by lateral ties or where
vertical reinforcement is not required as compression reinforcement,
if wvertical reinforcement area is not greater than 1.0% of the gross
concrete area. When vertical reinforcement resisting compression
exceedsthisvalue, links at least 6 mm or quarter the size of the largest
compression bar should be provided through the thickness of the wall.
The spacing of these links should not exceed twice the wall thickness
in either the horizontal or vertical directions and in the vertical
direction should not be greater than 16 timesthe diameter of bars. Any
vertical compression bar not enclosed by a link should be within 200
mm of a restrained bar.

E.5.3 Horizontal Reinforcement

@

(b)

The minimum area of horizontal reinforcement, when expressed as a
percentage of gross cross-sectional area, shall be 0.25% and this shall
be equally divided between the two faces,

On the face and in the direction of tension, the minimum percentage
of reinforcement shall be 0.18.
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ES55

E.6

E6.1

E.6.2

Themaximum spacing of vertical and horizontal barsshall not exceed 300 mm.

Reinforcement Around Opening

In addition to the minimum reinforcement in cl. E.5.2and E.5.3, a minimum
of two numbers of 16 mm dia bars or equivalent shall be provided around

all openings.

Footings and Pile Caps

The requirement of minimum reinforcements given in cl. E3.1 to E3.5 is
also applicable for pile caps,

@

(b)

(©

The

acing between reinforcement centres shall not exceed

200 mm for Fe415, and 300 mm for Fe250 grade reinforcement,

In one-way footings and two-way square fogtings, reinforcement shall
be distributed uniformly across the entire width of the footing,

In two-way rectangular footings, reinforcement shall be distributed as
follows:

(i)

(i)

Reinforcement in long direction shall be distributed uniformly
across the entire width of footing,

For reinforcement in short direction, a portion of the total
reinforcement given by Equation (E.2) shall be distributed
uniformly over abandwidth (centred onthe centrelineof column
or pedestal) equal to the length of short side of footing. The
remainder of reinforcement required in short direction shall be
distributed uniformly outside the centre band width of footing.

Reinforcement in band width 2 E2)
Total reinforcement in shorter +1 '
direction

inwhich istheratio of the long side to the short side of the



footing.

E.6. Inpilecaps, fully lapped, circumferential horizontal reinforcement consisting
of bars not less than 12 mm diameter at a spacing not exceeding 250 mm,
shall be provided.

E6.4 (a)

(b)

All reinforcement in rectangular isolated, combined and dtrip
footings shall extend the full width of the footing;

All reinforcement shall be fully developed beyond the critical section
for its yield strength.

E.7 Curtailment of Bars

E71 (3

(b)

Except at end supportsof smple spansor freeends of cantilevers every
bar shall extend beyond the point at which it is no longer
needed, for a distance at least equal to the greater of:

(0] the effective depth of the member; or
(i) 12 timesthe bar diameter.

In addition, for a bar in the tension zone, one of the following
requirementsfor all arrangements of the design limit state loads should
be complied with:

0] Shear at the cut-off point does not exceed two thirds that
permitted, including shear strength of shear reinforcement
provided,

(if)  Stirrup area in excess of that required for shear and torsion is
provided along each terminated bar over a distance from the
termination point equal to three-fourths the effective depth of
member. Excess dirrup area A, shall not be less than
0.4b,,s/fy. Spacingsshall not exceed d/8 |, where istheratio
of area of reinforcement cut-off to total area of tension
reinforcement at the section,

(iii) For 36 and smaller bars, continuing reinforcement provides
doublethearearequired for flexure at the cut-off point and shear
does not exceed three-fourths that permitted.
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Development of Positive Moment Reinforcement

E72 (3

(b)

Atleast one-third the positive moment reinforcement in simple members
and one-fourth the positive moment reinforcement in continuous
membersshall extend along the same face of member into the support
to bealength1,/3.0. Inbeams, such reinforcement shall extend into
the support at least 150 mm,

When a flexural member is part of a primary lateral load resisting
system, the positive moment reinforcement required to be extended into
the support asstated above, be anchoredto devel op thedesign strength
ie fy/fs in tension at the face of support,
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(o0 At smple supports and at points of inflection, positive moment
tension reinforcement shall be limited to a diameter such that
development length | ; computed for f, satisfies Eq. (E.3); except, Eq.
(E.3) need not be satisfied for reinforcement terminating beyond the
c e n t e r I i n e
of simple supports by a standard hook, or a mechanical anchorage at
least equivalent to a standard hook.

lg< My / V) + 1y, (E3)

where M, isthe nominal moment strength assuming all reinforcement
at the section to be stressed to the design strength i.e. fy/s V, is
factored shear force at the section, and |, at the support shall be the
embedment length beyond the centre of support. The value of M, /V,,
may beincreased by 30% when the ends of reinforcement are confined
by a compressive reaction.

APPENDIX-F

REQUIREMENTS FOR CONSTRUCTION AND EXPANSION JOINTS,

F1

EMBEDDED PIPES AND PARTS

Construction Joints

F.1.1 Concreting should be carried out continuoudy up to the construction joints.

F.12

Straight vertical joints should be avoided asfar as practicable. Provision shall
be made for transfer of shear and other forcesthrough construction joints. The
position of construction joints shall be indicated on the design drawings.
Otherwise they should be permitted only at locations approved by the
authorised engineer. The construction joints should be avoided at critical
locations of moments and shear.

Congtruction joint should not be provided just below the soffit of a dab or
beam. Such joints should be located at a depth at least equal to the smaller
lateral dimension of the supporting column or at least equal to half thethickness
of the supporting wall, but not less than 250 mm.



F.13

F.14

F.15

F.16

F.2

F21

Condtruction joints, when essential in floors, may be located at a distance of
(1/3) to (1/5) times the span from support unless a beam intersects a girder
at the same location. In such a case joints should be offset at a distance equal
to twice the beam width.

(8  Beams, girders or dabs supported by columns or walls should not be
cast or erected within 48 hours of concreting the vertical support
members,

(b)  Beams, girders, column capitalsand haunches should be considered as
part of a dab system and should be cast simultaneoudly.

At the construction joint, the interface for shear transfer should be
thoroughly cleaned and laitance removed. The value of coefficient of friction
to be considered in case of design for shear friction is given in cl. 3.6.17.
Even if full shear transfer isnot required, all construction joints should be
roughened, thoroughly wetted and standing water removed immediately before
new concrete is placed.

In cases where concrete has not fully hardened, all laitance should be
removed by scrubbing the wet surface with wire or bristle brushes, care
being taken to avoid didodgment of particles of aggregate. The surface
should be wetted and all free water removed. The surface should then be
coated with neat cement durry. On this surface, a layer of concrete not
exceeding 150 mm in thickness isfirst placed and iswell rammed against old
work, particular attention being placed to corners; work thereafter should
proceed in the normal manner.

Movement Joints

(@ Location and nature of movement joints, when provided, shall be
indicated on design drawings,

(b)  No movement joint shall be provided in concrete structures containing
liquids, except that in the case of pipes, such joints may be provided



F.2.2

F.3

F3.1

©

(d)

@

(b)

(©

at their extremities,

Movement joints may be provided at locations where abrupt changes
in magnitude and direction of plan dimensions, height of structure and
type of foundation take place,

When provided, movement joints shall permit structures on both sides
to move with a minimum of resistance.

Structures adjacent to the joint should be supported on separate
columns or walls but not necessarily on separate foundations if not
required by other considerations. The structure should preferably be
framed on both sides of the joint. The movement joint should pass
through the whole structure above ground level,

Reinforcement should not extend across the movement joint and the
break between sectionsin the structure above foundation level should
be complete,

It should be ensured that movement joints areincorporated in finishes
and in the cladding at the joint locations.

Embedded Conduits and Pipes

General

@

(b)

(©

(d)

Conduits, pipesand deeves of any material not harmful to concrete
may be embedded in concrete, provided they are not considered to
replace structurally the displaced concrete,

Conduits and pipesof aluminium shall not be embedded in structural
concrete unless effectively coated or covered to prevent aluminium-
concrete reaction or electrolytic action between aluminium and sted!,

Conduits, pipes, and deeves passing through adab, wall or beam shall
not impair significantly the strength of the construction,

Conduitsand pipes, with their fittings, embedded within a column shall
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not displace more than 4% of the area of cross-section on which
strength is calculated or which is required for fire protection.

F.3.2 Except when plans for conduitsand pipes are approved by the authorised
engineer, conduits and pipes embedded within a dab, wall or beam (other
than those merely passing through) shall satisfy the following, unless
otherwise engineered properly.

F.3.3

@

(b)
()

not larger in outside dimension than 1/3 times the overall thickness
of dab, wall or beam in which they are embedded,

not be spaced closer than 3 diameters or widths on centre, and

not resulting in impairment of the strength of construction by more
than 5%. Conduits, pipes and deeves may be considered as replacing
gructurally in compression the displaced concrete provided they are
not exposed to rusting or undergo other deterioration.

Pipe Containing Fluids

Pipes that contain liquid, gas or vapour not exceeding temperature 65°C and
under pressure not more than 1.5 N/sg.mm may be embedded in structural
concrete under the following conditions:

@

(b)

Pipes and fittings shall be designed to resist the effects of contained
material, pressure and temperature to which they will be subjected,

All piping and fittings except as provided in (c) below shall be tested
asaunit for leaks before concrete placement. Pressure tests shall be
in accordance with applicabl e piping code or standard. Where pressure
testing requirementsare not specified in acode or standard, pressure
testing shall meet the following reguirements:

0] Thetesting pressure shall be 50% in excessof pressuretowhich
piping and fittings may be subjected, but minimum testing
pressure shall be not less than 1.0 N/sg.mm above atmospheric
pressure,
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(©)

(d)

(€

(f)

(¢)]

(h)

(i)

(i)  The pressure test shall be held for 4 hours with no drop in
pressure except that which may be caused by air temperature,

Drain pipes and other piping designed for pressures of not more than
0.1 N/sg.mm need not be tested as required in (b) above,

Pipes carrying liquid, gas or vapour that is explosive or injurious to
health shall again be tested as specified in (b) after concrete has
hardened,

No liquid, gas or vapour, except water not exceeding 32°C nor 0.35
N/sg. mm pressure, shall be placed in pipesuntil the concrete will have
attained a compressive strength in excess of 7.0 N/sg. mm,

Insolid dabs, the piping, unlessit isfor radiant heating or snow melting,
shall be placed between top and bottom reinforcement,

Concrete cover for pipes and fittings shall be not less than 40 mm for
concrete exposed to earth or weather, or 20 mm for concrete not exposed
to weather or in contact with ground,

Reinforcement with an area not less than 0.002 times the area of
concrete section shall be provided normal to the piping,

Piping and fittings shall be assembled according to construction
specifications. Screw connections shall be prohibited. Piping shall be
so fabricated and installed that it will not require any cutting, bending,
or displacement of the reinforcement from its proper location unless
otherwise specified by the authorised engineer.

Pipes under High Temperature and Pressure

F.3.4 All piping containing liquid, gasor vapour pressurein excessof 1.5 N/sg. mm
or temperature in excess of 65°C shall be deeved, insulated, or otherwise
separated from the concrete and/or cooled to limit concrete stressesto design
allowables, and to limit concrete temperatures to the following:

@

For normal operation or any other long-term period, the temperatures
shall not exceed 65°C except for local areaswhich are allowed to have
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F4

F4.1

G.1

G1l1

G1l2

G.2

G22

increased temperatures not to exceed 90°C,

(b)  For accident or any other short-term period, the temperatures shall not
exceed 175°C for interior surface. However, local areas are allowed to
reach 340°C from fluid jets in the event of a pipe failure,

(c0  Temperatures higher than those given in (a) and (b) above may be
allowed in the concrete if tests are provided to evaluate the reduction
in strength and thisreduction isapplied to design allowabl es. Evidence,
which verifiesthat theincreased temperaturesdo not cause deterioration
of concrete either with or without load, shall also be provided.

Embedded Parts

Design, fabrication and erection of embedded parts shall bein accordancewith
AERB safety standard on Design, Fabrication and Erection of Embedded
Parts and Penetrations Important to Safety of Nuclear Facilities,
(AERB/SS/CSE-4).

APPENDI X-G

TEST FOR LIQUID-RETAINING STRUCTURES

General

The testing procedure, acceptance criteria and other related aspects furnished
in this Appendix apply for liquid-retaining structures only.

Thetechnical specification shall be devel oped before undertaking the testing.
The technical specification shall contain the objective of test, detailed test
procedure, acceptance criteria, etc. which shall be formulated in line with the
safety function of structures.

Test Procedure
Leak tightnesstest shall be carried out; after initial grouting work, raft water-

proofing, and prior to water-proofing treatment on the external surface of walls
(if any) and metal lining on the inside surface.
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G.z21

G.2.3

G.24

For site, where water table is high and the spent fuel/tank system is not designed
on the concept of tank inside tank, test for ingress of ground water should be

carried out.

Test for ingress of ground water will be conducted first by allowing water table to
rise slowly to a stable level by stopping dewatering system. All leakage spots and
wet surfaces on the inner face of the wall and raft surfaces will be marked
accurately. Water table outside the pool will be lowered by starting dewatering
system and corrective treatment such as various types of injection grouting,
surface coatings, repairs to the concrete etc. carried out. After satisfactory
completion of the corrective measures, water level outside the pool will be
allowed to rise again. Corrective treatment can be undertaken in presence of
water, if performance of repair material in such condition is established. For
grouts made of cement or similar material which cannot perform in presence of
water, corrective treatment should be taken up only after emptying.

If any wet surfaces persist the procedure will be repeated until the acceptance

criteria is satisfied.

Test for Egress of Stored Water

G.2.5 The test will be conducted by filling the storage pool with water. The filling will be

in stages to properly identify the leakage spots and leakage paths if any. All wet
patches and leak spots on external surfaces will be properly demarcated. After
emptying the pool, corrective treatments such as various types of injection
grouting, surface coating, repairs to concrete etc. shall be completed. Corrective
treatment can be undertaken in presence of water, if performance of repair
material in such conditions is established. For grouts made of cement or similar
material which cannot perform in presence of water, corrective treatment should
be taken up only after emptying. The pool will be filled again and external surfaces
observed. In case wet patches appear, the above procedure will be repeated till
the acceptance criteria is satisfied.

G.2.6 After satisfactory repairs, the pool will be filled with water. A period of seven days

will be allowed for absorption of water and saturation of concrete. The exposed
water surface of pool, may be protected by covering it with polythene sheets or

suitable thin oil film to minimise evaporation losses. After initial fill of 7 days, the
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G.2.7

G.3
G31

G.3.2

G.3.3

G.3.4

G4

water level shall be recorded every 24 hours for a further 7 days. Water loss will
be to the extent of losses accountable due to evaporation only since the process

of absorption by concrete would be completed by then.

After successful completion of testing for acceptance as detailed above, the pool
shall be emptied and water proof treatment will be carried out on the exterior
faces of walls and metal lining will be provided on the inside surface. Backfilling
around the storage bay will also be allowed only after satisfactory testing of the

pool.

Acceptance Criteria
The test aims at achieving nearly zero leakage giving due allowance for

evaporation and absorption losses as specified.

For water retaining structures following tank-in-tank concepts, the procedure of
filling the tank and repairing shall be repeated for leak tightness test of stored
water until total area of wet patches is less than 0.1% of surface area of each
wall. Even in case where acceptance criteria is met, large single patch or multiple
patches in a localized area should be further repaired.

For other water retaining structures ‘The procedure of filling the tank and repairing
shall be repeated both for test for ingress of ground water (where required) and
leak tightness test for stored water until no wet patches appear on the surface

opposite to liquid facing’.
A drop in water level at the rate of 6 mm or 12 mm for 24 hours may be allowed
as evaporation losses for covered or open pool condition respectively as the case

may be.

Test Report

G.4.1 The test report shall contain at least the following information:

(a) description of test set-up;
(b) total number of tests undertaken;
(c) time spent on one test:
(i) time spent after filling water;

(ii) time required for repairing, and
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G4.2

H.1

H.1.1

H.2

H21

H.3

(iii) time spent after repairing and before filling of water;
(d)  the time gap between starting of two consecutive tests;

(&  repairing:
(i) description of repairing work, and
(ii) whether repairing work was undertaken after complete drying of
pool walls following the test;

)] whether walls were completely dried after a test and prior to next test;

(o) environmental conditions (for each day): temperature, humidity and
wind velocity;

(h)  realts
(i) drop in water every day (24 hours) for each test.

Test resultsshall be properly analysed and eval uated to confirm that acceptance
criteria have been satisfied.
APPENDIX-H

STRENGTH EVALUATION OF EXISTING STRUCTURES
General
If any doubt arises concerning the safety of a structure or member, the
authorised engineer shall order a structural strength investigation by analysis
or by load tests, or by a combination of both.
Analytical Investigations
If strength evaluation is by analysis, a thorough field investigation shall be
made of dimensions and details of members, properties of materials and other

pertinent conditions of the structure as actually built.

Load Tests
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H3.1

H.3.2

H.3.3

H.3.4

H.3.5

If strength evaluation is by load tests, the authorised engineer shall control
and supervise such tests.

Load test shall not be made until that portion of the structure to be subject
to load is at least 56 days old, or unless agreed upon for an earlier age by
AERB.

When only a portion of the structure is to be load-tested, the portion in
guestion shall be load-tested such as to adequately test the suspected source
of weakness.

Forty-eight hours before application of test load, a load to smulate effect of
that portion of dead loads not already acting shall be applied and shall remain
in place until all testing has been completed.

Load Tests of Flexural Members

When flexural members, including beams and dabs, are load-tested, the
additional provisions herein shall apply as follows:

(@  Base readings (datum for deflection measurements) shall be made
immediately before test load is applied,

(b)  That portion of the structure selected for loading shall be subject to a
total load, including dead loads already acting, equivalent to 0.85
(1L4DL + 16 LL + 1.6 Ey). Determination of LL shall include live
load reductions as permitted for calculation of seismic forces,

(0 Ted load shall be applied in not less than four approximately equal
increments and without shock to the structure and in such a manner as
to avoid arching of loading materials,

(d)  After the test load has been in position for 24 hours initial deflection
readings shall be taken,

(60 Tet load shall be removed immediately after initial deflection
readings and final deflection readings taken 24 hours after removal
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of the test load.

H.3.6 If the portion of tested structure showsvisible evidence of failure, the portion
tested shall be considered to have failed the test and no retesting of the
previoudy tested portion shall be permitted.

H.3.7 (1) If the portion of tested structure shows no visible evidence of
failure, the following criteria shall be taken as indication of
satisfactory performance.

(@ If measured maximum deflection of a beam, floor or roof
(in mm) is less than LZ/(800 h) where L is the effective span
of beam or one-way dab (mm) and h is the overall depth or
thickness of member (mm),

(b)  If the measured maximum deflection of abeam, floor or roof
exceeds L2/(800h), deflection recovery within 24 hours after
removal of test load shall be at least 75% of the maximum
deflection for non-prestressed concrete, or 80% for prestressed
concrete,

(2)  Insub-para (1) (a) above L for cantilevers shall be taken astwice the
distance from support to cantilever end, and deflection adjusted for any
support movement.

H.3.8 Non-prestressed concrete construction failing to show 75% recovery of
deflection as required by cl. H.3.7(2) above may be retested not earlier than
72 hours after removal of the first test load. The portion of structure
tested shall be considered satisfactory if:

(@ it shows no visible evidence of failure in the retest;

(b)  Deflection recovery caused by second test load is at least 80% of the
maximum deflection in the second test; and

(c)  prestressed concrete construction shall not be retested.

Non-Flexural Members
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H.3.9 Members other than flexural members preferably shall be investigated by
analysis.

Provision for Lower Load Rating

H.3.101f the structure under investigation does not satisfy conditions or criteria of
c. H.2.1, H.3.7(1) or H.3.7(2), AERB may approve a lower load rating for
that structure based on results of load test or analysis.

Safety

H.3.11(a) Load testsshall be conducted such asto provide for safety of life and
structure during the test,

(b)  No safety measures shall interfere with load test procedures or affect
results.

ANNEXURE-I
CONSIDERATION OF IMPULSIVE AND IMPACTIVE EFFECTS

.1 General

[.1.1 Concrete structures important to safety of nuclear facilities shall be designed
for impulsve and impactive loads (ref. cl. A.4 of AERB/SS/CSE). This
annexure provides some useful information for this purpose. For detailed
information reference may be made to Code Requirements for Nuclear Safety
Related Concrete Structures (ACI349-90) and commentry (ACI349R-90).

[.1.2 Impactiveand impulsiveloadsare considered concurrent with other loads(e.g.
dead and live load) in determining the required resistance of structural
elements.

.2 Design Approach

[.2.1 In Appendix-A of AERB/SS/CSE, the impulsive and impactive loads are
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1.2.2

2.3

1.2.4

defined as dynamic class of loading. Table A.1 of Appendix-A contains
various individual loads that fall under the category of impulsive and
impactive loading. It is also identified in this Appendix that the effect of
which individual loads should be considered as static type for the design of
structures though the structural response for thisloading could be determined
considering the dynamic behaviour of the structures. For all other impulsive
and impactive load, the structure should be designed using energy balance
concept or elasto-plastic method unless specified otherwise.

If deformation under the effect of impulsive and impactive loading is within
elagtic limit, impulsive loading should be combined with other loading as
required by provisions of this standard. The strain energy capacity available
for resisting impulsive loads must then be reduced by the amount of work done
by other load (factored, if limit state method is used, during maximum

response).

In case of impactive and impulsive loading where a structural element
deforms beyond its eastic limit, the provisons of load combinations as
specified in this standard may not be applicable. In such cases either of the
following approach may be adopted:

(@  If energy balance method isused, proper care shall betaken to consider
the work done by static load such as dead load, live load, etc. (refer
Fig. 1.2),

(b) If an dagtoplagtic analysisis performed, the effective ductility ratio to
be used in the design which is given by:

Xy X X, X
- m”s _ d Ny s, (.1)
X, Xs Xy Xs

where ' is the effective ductility ratio, 4 the displacement ductility
ratio, Xy the displacement at yielding of material, X the static
displacement and X, the maximum acceptable displacement.

The ductility ratio 4 is defined as the ratio of maximum acceptable
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1.2.5

1.2.6

1.2.7

displacement X, to the displacement at effective yield point of the structural
elements (ref. Fig. 1.1). Thisis known as displacement ductility.

Dynamic Strength Increase

Due to the effect of impulsive and impactive loading the rate of increase of
gtrain is rapid, as a result of which the member exhibits high strength under
this loading. The increase in strength should be considered in design by
means of dynamic increase factor (DIF). DIF istheratio of dynamic and static
yield strength/stress.  The values of DIF for different materials are given
bel ow:

Concrete

(i) axial compression [0.9+0.1 (log '+5.0)] < 1.25, (1.2)
and flexure

(i) shear [0.9+0.1 (log '+5.0)]*< 1.10, (1.3)

(iii) sted (for fy < 415) [1.05+0.08 (log '+3.0)] < 1.15, (1.4)

where 'isthe strain rate (mm/mm/sec).

Design Requirement

Ductility ratio is calculated from deformations considering both shear and
flexure displacement.

Ductility ratio used in design shall be such that the maximum deformation
satisfies the following:

0] does not exceed the limiting values stipulated in this standard,

(i)  doesnot result in loss of intended function of the structural element,
and

(iii) does not impair the functions of other structures, systems and
components important to safety.
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[.2.8 The minimum structural resistance available for impulsive load shall be at
least 20% greater than the magnitude of any portion of the impulsive loading
which is approximately constant for a time equal or greater than the first
fundamental period of the structural component.

.31

1.3.2

Effects of Impulsive and Impactive Loading

Effects of Impulsive Load

When structural elements or systems of elements are subjected to impulsive
loads, the structural response is determined by one of the following methods:

@

(b)

(©

Dynamic effects of impulsive loads may be considered by calculating
a dynamic load factor (DLF). The resistance available for impulsive
load is at least equal to the peak of impulsive load transient multiplied
by DLF. DLF is calculated based on ductility criteria and the dynamic
characteristics of the structure and impulsive load transient,

Dynamic effects of impulsive loads may be considered using impulse,
momentum, and energy balance techniques. Strain energy capacity is
limited by ductility criteria,

Dynamic effects of impulsive loads may be considered by performing a
time-history dynamicanalysis. Massandinertial propertiesareincluded
along withthenonlinear stiffnessesof structural elementsunder consid-
eration. Simplified bilinear definitions of stiffness may also be used.
Maximum predicted responseis governed by ductility criteria.

Effects of Impactive Loading

In designing impactive effects, the following are considered.

@

(b)

Design for impactiveloads shall satisfy the criteriafor both local effects
and for overall structural response,

Local impact effects may include penetration and perforation. For
concrete structures, the considerationsfor local effectsshall alsoinclude
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(d)

©

(f)

scabbing and punching shear,

Penetration depth and required thickness to prevent perforation are
based on applicable formulae or pertinent test data. When perforation
of gtructural elements is precluded, the element thickness is at least
20% greater than that required to prevent perforation,

Concrete structural e ements protecting required system or equipment
which could be damaged by secondary missiles (fragments of scabbed
concrete) shall be designed to prevent scabbing, or provided with a
scab shield, designed on the basis of applicable formulae or pertinent
test data. In the absence of scab shields, the concrete thickness shall
be at least 20% greater than that required to prevent scabbing,

For concrete dabs or walls subject to missile impact effects where
concrete thickness is less than twice that required to prevent
perforation, the minimum reinforcement shall be 0.2% each way, each
face, but not less than the requirement of minimum thickness given
in this standard,

When structural elements or systems of elements are subject to
impactive loads, the structural response may be determined using the
approach givenin 1.3.1.

.4  Limiting Values of Ductility Ratio

I.4.1 For beams, walls, and dabs where flexure control design, the limiting value
of ductility ratio is given by

0.05/((p py) < 10.0 (15)

but not less than
31 17p <10 (1.6)

[.4.2 The permissible ductility ratio in flexure shall be given by

04/(p pJ) <80 (1.7)

but not less than
08(3.1 1.7p)> 10 (1.8)
for loads generated by missiles.
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In the design of flexure controls the rotational capacity r in radians of any
yield hinge shall be limited to 0.0065 (d/x) but not exceeding 0.07 radians
where X, is the depth of neutral axis.

For flexure to control the design, thus allowing ductility ratios or rotational
capacities given in clause 1.4.1, 1.4.2 and 1.4.3 to be used, the load capacity
of a gtructural element in shear shall be at least 20% greater than the load
capacity in flexure, otherwise, the ductility ratiosgivenin pointsl.4.5 or 1.4.7
shall be used.

For beams, walls and dabs where shear controls design, the permissible
ductility ratio shall be by the following, but not to exceed the available
ductility ratio in flexure.

(@  for shear carried by concrete alone the permissible ductility ratio shall
be 1.3;

(b)  for shear carried by concrete and stirrups or bent bars, the permissible
ductility ratio shall be 1.6; and

(c)  for shear carried completely by stirrups, the permissible ductility ratio



1.4.6

1.4.7

shall be 3.0.

For beam-columns, walls and dabs carrying axial compression loads and
subject to impulsive or impactive loads producing flexure, the permissible
ductility ratio in flexure shall be as follows:

(& when compression controls the design, as defined by an interaction
diagram, the permissible ductility ratio shall be 1.3,

(b)  when compression load does not exceed 0.1 kaAg or one-third of that
which would produce balanced conditions, whichever is smaller, the
permissible ductility ratio shall be as givenin 1.4.1 or 1.4.3, and

(c)  thepermissible ductility ratio shall vary linearly from 1.3 to that given
in point 1.4.1 or 1.4.2 for conditions between those specified in (a) or

(b).

For axial compressive impulsive or impactive loads, the permissible axial
ductility ratio shall be 1.3.
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