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FOREWORD 
 
(Formal clauses to be added later) 
 
This standard was first published in 1953 under the title 'Code of Practice for Plain and 
Reinforced Concrete for General Building Construction' and subsequently revised in 
1957.  The standard was further revised in 1964 and published under modified title 
'Code of Practice for Plain and Reinforced Concrete', thus enlarging the scope of use 
of this standard to structures other than general building construction also. The third 
revision was published in 1978, and it included limit state method of design of 
reinforced concrete (RC) structural members. Thereafter, it was revised in 2000, where 
provisions on acceptance criteria and durability of concrete were included. This is the 
fifth revision of the standard.  
 
This fifth revision of the standard addresses advances made in the state-of-the-art 
internationally and in the state-of-the-practice in India in design and construction of 
structures built with concrete.  In particular, it addresses the significant developments 
that have taken place over the last two decades in the field of concrete technology and 
durability of concrete structures.  Also, over the last four decades, design engineering 
had seen major changes. Hence, this revision attempts to bring in an improved 
understanding of structural behaviour; some of these have been raised regularly 
during structural design, peer review and proof-checking of concrete structures in 
India.  Also, it is envisaged that this standard is used by competent and experienced 
engineers. 
 
This revision incorporates a number of significant changes.  The salient changes in 
this revision are: 
 
1) The title of the standard has been modified to óStructural Concrete ï Code of 
Practiceô, which addresses three types of concretes, namely plain, reinforced 
and prestressed concrete. 

2) The basis of design of concrete structures is elaborated. The standard now 
requires concrete structures to be designed for six design criteria, namely 
strength, serviceability, durability, robustness, integrity and restorability.  Each 
criterion is deemed to have been designed for, if the structural design is 
demonstrated to meet the requirements laid down in the standard.  

3) High strength concretes and reinforcing steels have been considered in this 



Draft Standard for Comments Only   CED 02 (27096) WC 
November 2025 

 

 

 

revision.  
4) In general, the basic principles are maintained.  Axial force and bending 
moment capacities are based on strain, and shear force and torsional moment 
capacities on strength.  But, the method of estimating moment capacities has 
been improved based on principles of mechanics, by considering the limiting 
strain values in steel and concrete, instead of the secondary compression 
failure strain of concrete. 

5) All design strength values of concrete and steel are provided in the form of 
expressions, now showing explicitly the partial safety factor ‎ for material. 

6) In the limit state of strength, the definition of design strength under flexure of a 
concrete member is revised from that corresponding to secondary compression 
failure of the member to that corresponding to reaching limiting strains.  

7) The concepts of design for durability and design service life has been 
introduced quantitatively.  

8) The provisions related to serviceability, blast resistance, impact resistance and 
fire resistance of concrete have been rationalised.  

9) The new expression has been provided for the modulus of elasticity Ec of 
concrete, which is 10 percent higher for M20, 5 percent higher for M25 and up 
to 10 percent lower for higher grades of concrete up to M80. 

10) Method of estimating creep coefficient and making crack width calculations 
have been revised. 

11) Requirements are provided on the need to ensure constructability of concrete 
structures.  

12) Provisions related to ñConstructionò and ñQuality Assuranceò had been 
rationalized based on different levels of quality assurance. 

13) Guidance is provided on the use of special types of concretes under 12.   
 
The provisions of this standard are applicable only to those structures whose global 
stability at the structure level is assured by examining their static and dynamic 
equilibriums, especially against overturning, sliding, subsidence and floatation. It is 
presumed that local instability at the member level will be eliminated by due 
proportioning of the members and through appropriate connections with adjoining 
members.  
 
After the publication of this standard, IS 1343: 2012 óPrestressed Concrete ï Code of 
Practiceô will stand withdrawn. 
 
In the formulation of this standard, assistance has been derived from the following 
publications: 
 
1) BS EN 206:2013+A1:2016, Concrete. Specification, Performance, Production 
and Conformity, European Committee for Standardization (CEN), May 2013/16  

2) EN 1992 (informally, EC 2), 2018, Draft Eurocode 2: Design of Concrete 
Structures, European Committee for Standardization (CEN), May 2018 

3) EN 1992-1-1: 2023, Eurocode 2: Design of Concrete Structures Part 1-1: 
General rules and rules for buildings, bridges and civil engineering structures, 
European Committee for Standardization. 

4) ACI 318: 2019, Building Code Requirements for Reinforced Concrete, 
American Concrete Institute 

5) AS 3600: 2018, Concrete structures, Standards Association of Australia 
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6) DIN 1045, 2012, Concrete, Reinforced and Prestressed Concrete Structures, 
Standard by Deutsches Institute Fur Normung E.V. (German National 
Standard) 

7) CEB FIB Model Code 2020, Comite Euro International Du Beton 
8) ISO 19338 Performance and Assessment Requirements for Design Standards 
on Structural Concrete, International Organization for Standardization, 2007  

 
 
For the purpose of deciding whether a particular requirement of this standard is 
complied with, the final value, observed or calculated, expressing the result of a test 
or analysis shall he rounded off in accordance with IS 2: 2022 'Rules for rounding off 
numerical values (revised)'. The number of significant places retained in the rounded 
off value should be the same as that of the specified value in this standard. 
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1 SCOPE 
 
1.1 The provisions of this standard are applicable for design, construction, 
maintenance and assessment of plain, reinforced and prestressed concrete 
structures.  Also, they are applicable to the concrete part of steel-concrete composite 
structures. 
 
1.2 The provisions of this standard are applicable only to design of concrete structures 
made with normal weight aggregates, and not to structures made with lightweight or 
heavy weight aggregates. Special requirements of structures, such as shells, folded 
plates, arches, bridges, chimneys, blast resisting structures, hydraulic structures, 
liquid retaining structures and earthquake resistant structure, covered in respective 
standards have not been covered in this standard; these standards shall be used in 
conjunction with this standard. 
 
1.3 The provisions of this standard are applicable to the structural concrete being used 
as specified hereunder.  
 
1.3.1 Plain concrete  
 
The provisions of this standard shall be applicable to design of plain concrete (PC) 
elements where reinforcement, if provided, is ignored in the determination of their 
strengths. 
 
1.3.2 Reinforced concrete  
 
The provisions of this standard shall be applicable to design of reinforced concrete 
(RC) elements and structures, including but not limited to buildings, liquid retaining 
structures, bridges, retaining walls, industrial structures, dams and associated 
appurtenant structures, chimneys, bins, silos and bunkers, cooling towers, tunnels and 
foundation systems, and provisions given in 1.3.1.6.  
 
1.3.3 Prestressed concrete  
 
The provisions of this standard are applicable to design of the following prestressed 
concrete elements: 
 
a) Post-tensioned concrete elements, with internal or external prestressing, and 
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b) Pre-tensioned concrete elements.  
 
1.3.4 Precast concrete  
 
The provisions of this standard are applicable only to design individual components of 
precast concrete structures, and not for design of the whole structure.  
 
1.3.5 Steel-concrete composite  
 
The provisions of this standard are applicable only to design the concrete part of the 
members of steel-concrete composite structures, and not for design of the whole 
structure.  The design of all members, joints, connections, and their compatibility with 
the whole composite structure shall be demonstrated based on:  
 
a) the provisions given in the relevant standards, and  
b) the principles laid down in this standard. 

 
1.3.6 Additional requirements for concrete structures 
 
Additional requirements for design, construction, maintenance and assessment of 
concrete structures such as earthquake resistant structures, blast resistant structures, 
liquid retaining structures, cooling towers, bridges, chimneys, bins, silos and bunkers, 
hydraulic structures, coastal structures, shells, folded plates, arches, prefabricated 
concrete elements, precast concrete products (including concrete pipes and poles) 
and composite structures are provided in the most recent revisions of the respective 
standards.  These standards shall be used in conjunction with the provisions of this 
standard. 
 
1.4 Structural Materials 
 
Standard materials shall be used so that the properties of the concrete structures 
constructed are consistent with the assumptions made and requirements laid down in 
this standard during planning, design and construction stages of the structure.  The 
grades of materials for which the provisions of this standard are applicable shall 
conform to the requirements given in 7. 
 
2 REFERENCES 
 
The Indian Standards listed in Annex A contain provisions which through reference in 
this text, constitute provisions of this standard.  At the time of publication, the editions 
indicated were valid.  All standards are subject to revision and parties to agreements 
based on this standard are encouraged to investigate the possibility of applying the 
most recent editions of the standards indicated in Annex A. 
 
3 TERMINOLOGY 
 
For the purpose of this standard, the definitions given in IS 4845 and IS 6461 (Parts 1 
to 12) shall generally apply.  In addition, the terms defined hereunder shall apply. 
 
3.1 Categories of Structures ð Relative priority of structures based on the relative 
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severity of the negative consequences (that is, losses of life and livestock, losses of 
property and harm to natural environment) in the event of failure of a structure 
 
3.1.1 Special structures ï structures whose failure will have international impact, and 
which are required for national security; 

 
3.1.2 Critical structures ï structures whose failure will have national impact, and which 
are required in the aftermath of disasters for servicing the people, and for ensuing 
disaster management, and governance & business continuities; 

 
3.1.3 Important structures ï structures whose failure will have regional impact, and 
which are structures in which large number of people live, function or congregate; and 

 
3.1.4 Normal structures ï structures whose failure will have local impact, and which 
are not listed as special, critical or important structures.  
 
3.2 Characteristic Strength ð The characteristic strength is defined as the strength 
of material below which not more than 5 percent of the test results are expected to fall.  
 
3.3 Competent Authority ð The person or organization that has the legal authority 
to enforce rules and regulations within a specific framework. 
 
3.4 Competent Ground ð Ground on which the structure is to be constructed.  It 
should be free from hazards like liquefaction, slope failure, and vertical bearing failure, 
and can resist safely the loads imposed by the superstructure. 
 
3.5 Design Basis Report (DBR) ð A document prepared by the Structural Engineer 
and should be approved by the Owner, which declares before the start of the process 
of design, all considerations, including design standards to be adopted, field 
investigations at the site of the project, materials, loads, mandatory load combinations, 
methods of analysis, methods of design and detailing, and special considerations. 
 
3.6 Durability ð The ability of a structure or a structural element to maintain its 
performance above a minimum acceptable level during its expected service life when 
exposed to a certain expected environment, with regular maintenance and without the 
need for a significant structural intervention. 
 
3.7 Durability Criteria ð Under the action of design loads specified in this standard, 
capacity of a structure or a part thereof to: 
a) sustain deterioration of materials under (physical, chemical and biological) 
environmental actions within specified limits, and  

b) serve through expected service life without any avoidable disruption. 
 
3.8 Expected Service Life ï The period for which the structure or structural element 
is expected to meet the required performance criteria for its intended purpose with 
anticipated maintenance but no major/substantial repair being necessary 
 
3.9 Integrity Criteria ð Under the action of design loads specified in this standard, 
capacity of a structure or a part thereof to 
a) have redundancy of such type that allows redistribution of loads to adjoining 
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members;  
b) sustain sufficient strength and local deformation capacity in residual structure 
to carry additional loads induced, without exceeding the design limit states of 
inelastic deformability; and 

c) not collapse either globally or locally, if one member or a part of the structure 
exceeds the design limit states of safety 

 
3.10 Restorability Criteria ð Under the action of design loads specified in this 
standard, capacity of a structure or a part thereof to 
a) sustain no damage in such structural elements, which are difficult to be stiffened 
and/or strengthened after damage, 

b) permit stiffening and/or strengthening in the other elements, which are 
amenable for modifications after damage, within a specified limit of inelastic 
deformation,  

c) be brought back to original condition (if not better),  
i)  if damaged (when permitted) under the action of design loads (especially 
under earthquake ground shaking load) considered in design, and 

Ii)  if the design loads are exceeded or when unforeseen conditions are 
imposed on the structure, damage may accrue. 

 
3.11 Robustness Criteria ð Under the action of design loads caused due to fire, 
blast and impact arising out of human errors (or any deliberate acts) specified in this 
standard, capacity of a structure or a part thereof to restrict 
a) internal stress-resultant to within specified strength limits, and 
b) inelastic deformations to within specified deformation limits. 

 
3.12 Strength Criteria ð Under the action of design loads specified in this standard, 
capacity of a structure or a part thereof to 
a) sustain only limited or no damage, including the effects of fatigue loading, 
b) possess sufficient strength to resist effects of lateral loads with sufficient 
margin, and 

c) undergo such deformation that results in neither partial collapse nor complete 
collapse. 

 
3.13 Serviceability Criteria ð Under the action of design loads (other than those 
arising from blast, impact and fire) specified in this standard, capacity of a structure or 
a part thereof to 
a) restrict stresses within the specified limits;  
b) sustain cracks of widths smaller than specified crack width limits; and 
c) undergo deformations (including deflections, rotations and vibrations) smaller 
than specified deformation limits. 

 
3.14 Maintenance ð Process of preserving the condition of the structure such that it 
continues to meet its performance criteria throughout its expected service life 
 
3.15 Performance Criteria ð Requirements that define the minimum expectations of 
a structural element from the standpoints of strength, serviceability, durability, integrity, 
restorability and robustness 
 
3.16 Nominal Cover ð The design depth of concrete cover.  This dimension is used 
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in design and indicated in construction drawings.   
 
3.17 Quality Assurance ð A part of quality management system focused on 
providing confidence that quality requirements of the project will be fulfilled, which in 
turn, prevents defects by ensuring that processes are adequate and effective and 
focuses on the system and processes used in design and construction. 
 
3.18 Quality Control ð A part of quality management system focused on fulfilling 
quality requirements, which in turn, detects and corrects the defects, and on 
monitoring and measuring outputs. 
 
3.19 Quality Manual ð A document that describes the quality management system 
of an organization. 
 
3.20 Quality Assurance Plan ð A document that outlines the procedures, standards 
and responsibilities needed to ensure that a project meets defined quality 
requirements.  
 
3.21 Regular Structure ð A structure that is composed of a regular grid of structural 
elements, which provide definite and direct load paths to transfer the forces (in 
horizontal and vertical planes) to the foundation with the least number of bends, and 
have uniform distributions in plan and elevation of structural system from the point of 
view of mass, stiffness, strength and deformability. 
 
3.22 Reliable ð Consistently good in safety, quality, and performance, which can be 
trusted. 
 
3.23 Repair ð Physical intervention in a structure to prevent further deterioration of 
the materials of the structure and its members, but not to enhance the structural 
characteristics (like structural configuration, overall lateral stiffness, overall lateral 
strength and overall lateral deformability). 
 
3.24 Restore ð Physical intervention in a damaged structure to enhance the 
structural characteristics (like structural configuration, overall lateral stiffness, overall 
lateral strength and overall lateral deformability) of the structure and its members, to 
take them just back to their undamaged states.  
 
3.25 Retrofit ð Physical intervention in the structure to enhance the structural 
characteristics (like structural configuration, overall lateral stiffness, overall lateral 
strength and overall lateral deformability) of the structure and its members, to make 
them capable of meeting a demand more than their current capacities. 
 
3.26 Select Structure ð The structure identified in the clause that meets certain 
conditions. 
 
3.27 Hardening Material ï A hardening material is defined as one with a tensile 
strength equal to or greater than 1.1 times the strength of the matrix without fibres and 
taken at a crack opening displacement (COD) of equal to or greater than 0.3 mm.  A 
hardening material is one where multiple cracks can occur prior to crack localization. 
For material hardening to occur, the fibre dosage is typically such that the strength of 
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the SFRC is at least 10 percent greater than the strength of the same concrete mix 
without fibres.  The value of COD of 0.3mm is sufficiently high such that matrix 
contribution to the strength of the composite is minimal and the tension at this point is 
substantially taken by the fibres alone. 
 
4 SYMBOLS AND ABREVIATIONS 
 
4.1 Symbols 
 
For the purpose of this standard, the symbols used in this section shall have the 
following meanings with respect to the structure or member or condition, unless 
otherwise defined elsewhere in this standard: 
 

Symbol Meaning 

ὃ Cross-sectional area of the member 

ὃ  Smallest cross-sectional area along the length of the Strut 

Ag Gross area of cross-section 

ὃ Effective area of the cross-section; 

ὃ  Area of steel in compression 

ὃ  Area of steel in tension  

ὃȟ Area of non-prestressed bottom reinforcement i passing through 
column or in the width of the column capital in the plan direction 
considered 

ὃ  Area of longitudinal prestressing steel  

ὃ ȟ Area of prestressed tendons j passing through column or column 
capital core in each span direction 

ὃ  Cross-sectional area of ties  

ὃ  Area of concrete at the node 

ὃ  Area of transverse bar i along x-direction perpendicular to 
dimension B of a rectangular section 

ὃ  Area of transverse bar i along y-direction perpendicular to 
dimension D of a rectangular section 

ὃ  Area of horizontal stirrups in corbel 

ὃ  Area of cross-section of transverse hoop of a circular section  

ὃ  Area of cross-section transverse link i in a circular section  

ὃ  Total cross-sectional area of transverse steel reinforcement  

ὃ  Area of main tension reinforcement in corbel 

ὃ  Area of primary reinforcement in corbel, Cross-sectional area of 
compression steel along the full length of the Strut 

ὃ  Area of reinforcing steel along the length of the tie 

ὃȟ  Area of shear friction reinforcement 

ὃ Area of the base of the frustum of a cone or pyramid, contained 
wholly within the footing, having column or pedestal as its upper 
area, and having a slope of 1 vertical to 2 horizontal 
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ὃ Area of the column or pedestal 

ὃ  Area of cross-section of prestressing steel 

At Time dependent multiplying factor 

ὃ  Contact area of bearing of the plate in full contact at the anchorage 
end, which if circular in shape, shall be replaced by a square of 
equivalent area 

ὃ  Maximum area of that portion of the prestressed member, which is 
geometrically similar and concentric to the punching area. 

ὥ Width of contact area of concentrated load from nearer support 
measured parallel to supported edge, Centre to centre distance 
between bars or groups of bars perpendicular to the plane of the 
bending,  

ὥ Distance of concentrated load from face of the cantilever support, 
Overall dimension of the critical section for shear in the direction 
perpendicular to the axis about which moment acts 

ὥ Overall dimension of the critical section for shear in the direction of 
the axis about which moment acts  

ὥ Distance of application of factored design vertical force  

B  Overall width of a concrete beam or structural wall 

ὦ Effective width of slab 

ὦ Actual width of the slab; effective width of a concrete beam or 
structural wall; cross-section dimension perpendicular to the minor 
axis; average of the width and depth of the specimen taken at the 
critical section 

ὦ Perimeter of critical section 

ὦ Centre-to-centre distance between corner longitudinal bars in the 
direction of the width 

ὦ Smaller dimension of the rectangular part in the cross-section 

ὦ Nominal cover to column bars parallel to the axis of bending 

ὦ Breadth of the member under compression (Struts) 

ὦ  Breadth of the web of the member 

ὦȟ  Breadth of the effective flange width of the member 

ὦ  Effective slab width 

ὅ Torsional Constant, Carbonation depth, Nominal minimum cover 

ὅd Design concrete nominal cover 

Cm Mean depth of carbonation measured at 70 days exposure to CO2 

ὅ Distance of point of interest from centroidal x-axis of critical section 

ὅ Distance of point of interest from centroidal y-axis of critical section 

ὅ Slenderness Factor  

Cs Surface chloride content 

Ci Initial chloride content 

Csck Characteristic value of surface chloride content  
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ὅ  Design value of surface chloride content 

Cth Threshold chloride content  

CO2ck Characteristic value of CO2 

C(x,t) Chloride content at cover depth x and exposure time t  

Ὀ Cross-section dimension perpendicular to the major axis, Overall 
depth of a concrete beam or slab, or overall dimension of a 
rectangular column in the direction under consideration, Thickness 
of member 

Da Chloride diffusion coefficient 

Da(t0) Initial diffusion coefficient 

Dd(t) Design non-steady-state chloride diffusion coefficient for time t 

Dd(tsl) Design value of chloride diffusion coefficient after exposure period, 
tsl 

Da,m Mean value of chloride diffusion coefficient 

Ὀ  Equivalent thickness of voided slab  

Ὀ 0.25 times length of the member under compression 

Ὀ  Depth of the beam web normal to the axis of bending 

Ὀ,Ὀ  Dimensions of the end members into which the member is framing 
at its ends 

Ὀ Larger dimension of the rectangular part in the cross-section 

Ὠ Effective depth of a concrete beam, Average of effective depths of 
slab in two orthogonal directions 

Ὠ Centre-to-centre distance between corner longitudinal bars in the 
direction of the depth 

Ὠ Nominal cover to column bars perpendicular to the axis of bending 

Ὠ Diameter of the bar 

dg Maximum nominal size of coarse aggregate 

Ὠ ȟ  Minimum diameter of column 

Ὠȟ  Diameter of the largest longitudinal bar of column 

Ὠ ȟ  Diameter of the smallest longitudinal bar 

Ὁ Modulus of elasticity (in MPa) of concrete 

Ὁ Modulus of elasticity (in MPa) of reinforcing steel bars 

Ὁ  Strain hardening modulus of reinforcing steel 

Ὁ Modulus of elasticity (in MPa) of prestressing steel rods, wires or 
strands  

Eck Short-term static characteristic value of modulus of elasticity of 
concrete 

Ecj Modulus of elasticity at the appropriate age of SFRC 

Ὡ Eccentricity of loading 

Ὡȟ  Minimum eccentricity for bending about the X axis  

Ὡȟ  Minimum eccentricity for bending about the Y axis 
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Ὡȟ  additional eccentricity of structural walls due to slenderness effect 
in the out-of-plane direction  

Ὡ  eccentricity of unbonded tendon with respect to the anchorage at 
the end 

erf(z) Error function  

F0 Characteristic strength of tendon 

Ὂ  Bursting tensile force  

Ὂ  Tensile force due to design loads in the bar or group of bars 

Ὂ Design limiting strength of a strut, a tie and a node  

Ὂ Design Load on the strut, tie and node 

Ὂ  Factored sliding shear force demand that causes sliding of the 
structure as a whole  

Ὂ  Sliding shear force demand due to dead load  

Ὂ  Sliding shear force demand due to imposed load  

Ὂ  Sliding shear force demand due to earth pressure load including 
the effects of earthquake shaking 

Ὂ  Sliding shear force demand due to wind load  

Ὂ  Sliding shear force demand due to earthquake load  

Ὂ  Design sliding shear force resistance that helps in resisting  sliding 
of the structure as a whole  

Ὂ  Sliding shear force resistance due to dead load  

Ὂ  Sliding shear force resistance due to characteristic values of 
resistance offered by positive shear keys and positive anchors 
provided in the structure 

Ὂ  Sliding shear force resistance (on horizontal surfaces) due to 
vertical earth pressure load 

Ὂ  Design compressive strength of a strut  

Ὂ  Design tensile strength of a reinforced/prestressed concrete tie  

Ὂ  Design compression strength of a Node  

Ὂ  Actual mean breaking load 

Ὂ  Tendon under the load  

Ὢ  Characteristic compressive strength (in MPa) of concrete, 

Ὢȟ  Target mean strength of concrete 

Ὢ  Mean compressive strength of concrete 

Ὢ Direct tensile strength of concrete 

Ὢȟ  Split tensile strength of concrete 

Ὢȟ ȟ  Mean split tensile strength of concrete 

Ὢ Modulus of rupture of concrete under bending tension by carrying 
out the flexural tension  

Ὢȟ  Mean flexural tensile strength of concrete 

Ὢ  Initial stress in concrete, Cube strength at transfer of prestress 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

10 

Ὢ  design stress in steel corresponding to an axial strain of ‐ȟ  

Ὢ ‐ȟ  Characteristic tensile stress of steel reinforcement bars 

Ὢȟ Compressive stress in reinforcing steel at the layer i 

Ὢ ȟ Compressive stress in concrete at the level of layer i of reinforcing 
steel in compression 

Ὢ  Effective compressive strength of concrete in the Strut  

Ὢ  Characteristic compressive strength of concrete at the Node 

Ὢ Characteristic tensile strength of reinforcing steel bars 

Ὢ   Characteristic tensile strength of prestressing steel 

Ὢ  Characteristic strength of the bars used as stirrups 

Ὢᶻ Actual yield stress of reinforcing steel under uniaxial tension 

Ὢᶻ Actual ultimate stress of reinforcing steel under uniaxial tension 

Ὢ Characteristic tensile strength of prestressing steel wires or 
strands 

Ὢᶻ Stress in prestressing steel after losses 

Ὢᶻ Design Strength of prestressing steel 

Ὢ  Stress in concrete due to prestressing at centroid of prestressing 
steel 

Ὢ  Maximum initial prestress in a prestressing rod, wire or strand 
immediately behind the anchorage 

Ὢ  Proof stress of the prestressing steel at 0.1 percent strain 

Ὢ  Axial stress 

Ὢ  bond stress 

Ὢ  Tendon stress just after release 

Ὢ ὸ Design tensile stress at time of release time t 

Ὢ  Bond strength for anchorage in the ultimate limit state 

Ὢ  Stress in tendon  

Ὢ  Stress in tendon after all losses 

Ὢ Stress induced in bar at the section under the action of design load 
combination related to strength criteria 

Ὢ Bearing stress  

Ὢȟ  Maximum bearing stress  

Ὢ  Design bearing strength of concrete  

Ὢ Design strength of concrete and steels 

Ὢ  Characteristic strength of the material  

Ὢ  Absolute value of tensile stress in concrete under bending tension  

Ὢ  Design axial strength of reinforcing steel 

Ὢ  Limiting design axial strength in axial compression 

Ὢ  Limiting design flexural strength in bending tension 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

11 

Ὢ  Design flexural strength of concrete in compression  

Ὢ  Limiting design flexural strength in bending tension 

Ὢ  Design bearing strength of concrete  

Ὢ  Design bond strength for reinforcing bars  

Ὢ  Stress at point of tangent to post-peak confined „ ‐ curve  

Ὢ Cube strength at time of tensioning 

Ὢ  Characteristic strength of unconfined concrete, Compressive 
stress (taken as positive) at centroidal axis due to prestress 

Ὢ  Peak strength of confined concrete 

Ὢ  Effective prestress after all losses have occurred 

Ὢ  stress in the prestressing steel (including the effect of losses) 
corresponding to an axial strain of ‐ȟ  

Ὢ  Initial stress in the prestressing steel (including the effect of losses) 

Ὢ  stress in the prestressing steel (including the effect of losses) 
corresponding to an axial strain of ‐ȟ  

Ὢ Maximum principal tensile (taken as positive) stress  

Ὃ Shear modulus of concrete  

Ὄ Height of the structural wall, Total height of the building measured 
from its base 

Ὄ  Factored horizontal load 

Ὄ  Unsupported height of the structural wall 

Ὄ  Effective height of a structural wall  

Ὄ  Lateral shear force at top of column c in the storey considered 
along the principal plan direction considered 

Ὤ Height of storey s considered 

hsp Distance between tip of the notch and top of cross-section 

Ὤ Notional size (in mm) of the member  

Ὅ Effective second moment of area of the cross-section 

Ὅ  Equivalent value of moment of inertia  

Ὅ Effective moment of inertia  

Ὅ  Ὅ at left support 

Ὅ  Ὅ at right support 

Ὅ  Ὅ at mid-span 

Ὅ Moment of inertia of the cracked section 

Ὅ Gross moment of inertia  

ὐ  Property of critical section analogous to polar moment of inertia 
about centroidal x-axis of critical section 

ὐ  Property of critical section analogous to polar moment of inertia 
about centroidal y-axis of critical section 

ὑ St. Venant Torsional Constant of the gross plain concrete section, 
Carbonation coefficient 
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Km Mean carbonation resistance coefficient 

Kck Minimum characteristic carbonation coefficient for different binder 
systems 

Kd Design carbonation coefficient 

ὑ  Flexural stiffness of column i meeting at the joint  

ὑ Flexural  stiffness of  the  slab, expressed  as  moment per unit 
rotation 

‖  Factor of safety for material 

k Effective length factor of the column; Coefficient for wave effect; 
Weighting factor  

k1 Three-dimensional orientation factor 

kh Coefficient depending on the notional size h0 

Ὧ Modifier depending on percentages of tension and compression 
steels 

Ὧ Modifier depending on end rotational restraint  

Ὧ  Factor to account for larger thickness of solid slab 

kR4 Reference factor 

ὒ Effective length  

ὒ  Span of the member measured between the centrelines of the end 
members 

ὒ Unsupported length of the member 

ὒ Sum of anchorage beyond the centre of the support and equivalent 
anchorage of any hook or mechanical anchorage at simple support 

ὒ Horizontal distance between centres of lateral restraint of structural 
wall 

ὒ  Basic transmission length  

ὒ  Transmission length 

ὒ  Upper value of design transmission length ὒ  

ὒ  Design transmission length 

ὒ  Dispersion length 

ὒ  Anchorage length 

ὒ  Effective length when bending about the major axis 

ὒ  Effective length when bending about the minor axis 

ὒ  Design load 

ὒ Characteristic load 

ὒ Development length 

ὒ  Reduced development length  

ὒ  Development length in tension 

ὒ  Development length in compression 

ὒ  Length of lap splices 

ὒ  Length of structural wall 
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ὒ Length of the prestressing steel 

ὰ Lengths of shorter spans 

ὰ Lengths of longer spans 

ὰ Effective span  

lf Length of the specimen taken at the critical section 

ὰ  Effective length for bending about an axis perpendicular to the 
dimension Ὀ 

ὰ  Effective length for bending about an axis perpendicular to the 
dimension ὦ 

ὰ  Length of cantilever slab measured parallel to fixed edge 

ὰ Span in the direction moments measured centre to centre of 
supports  

ὰ Span transverse to ὰ measured centre to centre of supports 

ὰ Clear span extending from face to face of columns, capitals, 
brackets or walls 

ὰȟ Unsupported lengths for bending about X-axis 

ὰȟ Unsupported lengths for bending about Y-axis 

ὰȟ  Length available between the face of the vertical member and the 
front of the corbel 

ὓ Maximum unfactored design bending moment 

ὓ  Moments in column 

ὓ  Bending moment demand at the critical section of the member 

ὓ ȟ Fixed end moment (due to DL and IL) at left support 

ὓ ȟ Fixed end moment (due to DL and IL) at right support 

ὓ  Serviceability design bending moment capacity  

ὓ , ὓ  Serviceability design bending moment capacities permissible in a 
member for bending about X- and Y-axes 

ὓ  Bending moment demand, Serviceability design bending moment 
demand at the critical section for shear 

ὓ , ὓ  Design bending moment demands under the action of external 
serviceability loads 

ὓ  Equivalent design bending moment at the critical section of the 
member due to torsional moment Ὕ obtained from structural 
analysis 

ὓ  design bending moment transferred from slab to column or footing 
to column by unsymmetric bending of slab or footing, arising from 
unbalanced gravity, wind, earthquake, blast, lateral impact, or other 
horizontal forces applied on the structure 

ὓ  Total design bending moment acting at the critical section 

ὓ  Total bending moment demands about the X-axis of the cross-
section of the column 

ὓ  Total bending moment demands about the Y-axis of the cross-
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section of the column 

ὓ  Additional bending moment demand owing to lateral sway of the 
structure acting about the X-axis of the cross-section of the column 

ὓ  Additional bending moment demand owing to lateral sway of the 
structure acting about the Y-axis of the cross-section of the column 

ὓ , ὓ  In the design of the slender columns, the additional moments at 
top and bottom acting about X-axis. 

ὓ ,  ὓ  In the design of the slender columns, the additional moments at 
top and bottom acting about Y-axis. 

ὓ ȟ
, ὓ ȟ

 Factored bending moment demands at the top and bottom of the 
vertical member acting about the X-axis of its cross-section 
obtained by linear structural analysis of the structure subjected to 
design loads applied on it 

ὓ ȟ
, ὓ ȟ

 Factored bending moment demands at the top and bottom of the 
vertical member acting about the Y-axis of its cross-section 
obtained by linear structural analysis of the structure subjected to 
design loads applied on it 

ὓ  Overturning moment demand that causes floatation of the 
structure as a whole 

ὓ  Moment demand that cause floatation due to dead load 

ὓ  Moment demand that cause floatation due to imposed load  

ὓ  Moment demand that cause floatation due to wind load  

ὓ  Moment demand that cause floatation due to earthquake load 

ὓ  Restoring moment that helps in resisting floatation of the structure 
as a whole 

ὓ  Restoring moment due to that part of dead load  

ὓ  Restoring moment due to characteristic values of resistance 
offered by positive anchorages provided in the structure 

ὓ  Bending moment induced in a member about X-axis 

ὓ  Bending moment induced in a member about Y-axis 

ὓ  Limiting design bending moment capacity 

ὓ  Limiting design bending moment in a member about X-axis 

ὓ  Limiting design bending moment in a member about Y-axis 

ὓ  Limiting bending moment capacity about the X-axis of the cross-
section of the RC member corresponding under the action of pure 
bending moment (with no axial load on it) 

ὓ  Limiting bending moment capacity about the Y-axis of the cross-
section of the RC member corresponding under the action of pure 
bending moment (with no axial load on it) 

ὓ  Bending moment at right support 

ὓ ȟ Total design bending moment acting at the critical section 

ὓ  Equivalent design bending moment at the critical section of the 
member due to serviceability design torsional moment demand Ὕ  
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on the member 

ὓᶻ Revised bending moment capacity provided after redistribution 

ὓ  Bending moment that produces zero stress in the concrete, total 
design moment  

ὓ  Design negative moment  

ὓ  Design positive moment  

ὓ  Design negative moments in an exterior span 

ὓ  Bending moment induced at the top of the compression member 

ὓ  Bending moments induced at the bottom of the compression 
member 

ὓ  Absolute value of unbalanced column moment about centroidal x-
axis of critical section 

ὓ  Absolute values of unbalanced column moment about centroidal y-
axis of critical section 

m Modular ratio  

ὔ  Number of columns in the storey s considered 

ὔ Number of storey 

ὔ  Number of transverse links in the circular section 

ὔ  Number of legs in transverse reinforcement at each section of the 
member 

ὔ  Number of rectangles that the cross-section is comprised of 

ὲ Total number of time intervals  

ὖ Design axial load on member obtained from factored loads applied 
on the structure 

ὖȟП  Design axial load on column from the floor slab 

ὖ Axial force capacity at serviceability criterion of RC members  

ὖ Axial force induced in a member along Z-axis 

ὖ Limiting design axial force 

ὖ  Limiting axial load capacity of the RC section under the action of 
pure axial load (with no bending moment on it) 

ὖ Prestressing force 

ὖ  Design tendon force  

ὖ  Design axial force in column c in the storey considered 

ὖ Serviceability design axial force capacity 

ὖ  Axial load demand  

ὖ  Design compression axial force demand  

ὖ  Design tensile axial force demand  

ὖ  Design axial load corresponding to the balanced condition of strain 
across the cross-section 

ὖ  Serviceability compressive axial force capacity 

ὖ  or ὖ  Serviceability design tensile axial force capacity permissible in a 
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member in tension 

ὴ Percentage of steel in compression  

ὴ Percentage of tension steel 

ὗ Stability index  

ὗ  Largest value of stability index  

ή Maximum bearing pressure induced in soil underneath the 
pedestal 

 Elastic force reduction factor; Fire resistance of concrete  

RH Relative humidity of the ambient environment (in percent) 

ὶ Internal radius of the bend, radius of gyration 

ὶ  Least radius of gyration 

smax Maximum spacing between adjacent transverse hoops  

ί Spacing (mm) of the transverse stirrups 

Ὕ Normalized translational restraint factor, torsional Moment induced 
in a member, Temperature 

Ὕ Torsional moment carried by concrete  

Ὕ Design torsional moment at the critical section of the member 
obtained from structural analysis 

Ὕ Limiting design torsional moment in a member 

Ὕ Design torsional moment demand at the critical section by 
concrete, transverse reinforcement steel and longitudinal steel 

Ὕ Serviceability design torsional moment capacity  

Ὕ  Serviceability design torsional moment demand  

Ὕ ȟ Total serviceability design torsional moment demand at the critical 
section  

4Ў  temperature (in oC) during the time interval, Ў  

Ὕ Temperature of aggregate 

Ὕ Temperature of cement 

Ὕ  Temperature of mix water  

Ὕ  Temperature of water on aggregate 

ὸ Age of concrete at the time of loading, Initial duration of hydration 
at the time of exposure  

teff Duration (in years) through which reduction in Da will be there  

t Time period 

ti Time for initiation of corrosion  

tp Propagation time of corrosion  

ὸ  Equivalent time 

ts Age of the concrete at the beginning of drying shrinkage, in days; 
normally this is at the end of curing 

ὸ Thickness of the wall 

ὸ Thickness of the footing  

R
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tsl Design service life  

ό Perimeter of the member in contact with the atmosphere 

ὠ Shear force induced in a member when bending about Y-axis 

ὠ Shear force induced in a member when bending about X-axis 

ὠ Factored vertical load 

ὠ Design shear force capacity 

ὠ  z Contribution of concrete to design shear force capacity  

ὠ  Design earthquake base shear of the structure 

ὠ  Shear force carried by concrete  

ὠ Design shear force demand 

ὠ  Total design shear force acting at the critical section  

ὠ  Equivalent design shear force at the critical section of the member 
due to torsional moment Ὕ obtained from structural analysis 

ὠ  Design shear force transferred from slab to column or footing to 
column by symmetric bending of slab or footing 

ὠ Factored design vertical force in corbel 

ὠ Design shear force capacity  

ὠ  Contribution of concrete to ὠ 

ὠ  Contribution of reinforcing steel to ὠ 

ὠ  Design shear force capacity of uncracked section 

ὠ  Design shear force capacity of cracked section 

ὠ ȟ Contribution of compression concrete to ὠ 

ὠ ȟ Contribution of reinforcing steel to ὠ 

ὠ  Limiting design shear force in a member when bending about X-
axis 

ὠ  Limiting design shear force in a member when bending about Y-
axis 

ὠ Shear force in the structure in the storey  

ὠ  Serviceability design shear force demand  

ὠ  Contribution of concrete to ὠ 

ὠ  Contribution of reinforcing steel to ὠ 

ὠ Volume of void per m2 area 

ὠ ȟ Total serviceability design shear force demand acting at the critical 
section  

ὠ  Equivalent design shear force at the critical section of the member 
due to torsional moment Ὕ  

ὠ Shear force at the top of the compression member in the storey  

ὠ Shear force at the bottom of the compression member in the storey  

ὠ  Overstrength lateral force  

ὡ Total design load; Climate coefficient  

ὡ  Masse of aggregate 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

18 

ὡ  Masse of cement 

ὡ  Masse of mix water 

ὡ  Masse of free water on aggregate 

w Uniformly distributed design load per unit area  

ύ Crack width  

ὢ Factor based on grade of concrete  

ὼ Distance of centroid of concentrated load from the nearer support, 
Nominal cover, Constant which depends upon type of binder 

ὼ Smaller dimension of a closed hoop used as torsional shear 
reinforcement 

ὼ  Balanced depth of cross section of concrete 

ὼ Limiting depth of neutral axis  

ώ Distance of centroid of prestressing steel from centroid of concrete 
section 

ὣ  Distance of the concentrated load from the unsupported edge, side 
of end block 

ὣ  Side of loaded area 

ώ  Distance of the concentrated load from the extreme end measured 
in the direction parallel to the fixed edge 

ώ Distance from centroidal axis of gross cross-section (considering 
the Modulus of concrete for the area corresponding to that of steel 
reinforcement) to the extreme face of concrete in tension 

Z Earthquake zone factor  

ὤ  Section Modulus of the gross cross-section corresponding to the 
bottom-most fibre of concrete in compression (considering the 
transformed section) for bending about X-axis 

ὤ  Section Modulus of the gross cross-section corresponding to the 
bottom-most fibre of concrete in compression (considering the 
transformed section) for bending about Y-axis 

ὤ  Section Modulus of the gross cross-section corresponding to the 
bottom-most fibre of concrete in tension (considering the 
transformed section) for bending about X-axis 

ὤ  Section Modulus of the gross cross-section corresponding to the 
bottom-most fibre of concrete in tension (considering the 
transformed section) for bending about Y-axis 

ᾀ Lever arm between the centroid of compression area and extreme 
layer of steel 

‌ Coefficient of thermal expansion 

‌Ὢ  Average compressive stress in concrete 

‌ The ratio of flexural stiffness of exterior columns to that of the slab 
at a joint taken in the direction moments 

‌ Short span bending moment coefficients; Fraction of unbalanced 
column moment  
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‌ Long span bending moment coefficients; Fraction of unbalanced 
column moment  

ρ ‌  Fraction of unbalanced column moment transferred by shear about 
centroidal x-axis of critical section 

ρ ‌  Fraction of unbalanced column moment transferred by shear about 
centroidal y-axis of critical section 

‌ Angle of prestressing steel tendon with the longitudinal horizontal 
axis of the member 

‍ô Ratio of the larger and smaller sizes of the slab panel in plan 

‍ Shear deformation factor, Ratio of the pure flexural lateral 
translational stiffness and pure shear lateral translational stiffness, 
Angle of inclination of the compression surface of the beam in 
tapered beams 

‍ Factor accounting for the geometry and level of confinement of 
concrete in the Strut  

‍ Factor accounting for the level of confinement of concrete at the 
Node 

‍Ø Distance of resultant compressive force in concrete from the top 
fibre 

‍ Ratio of the area of bars cut-off to the total area of bars at the 
section 

‍ Short span shear force coefficients 

‍ Long span shear force coefficients 

‍ ὸ Coefficient describing development of creep with time 

‍Ὢ  Factor accounting for effect of concrete strength on ‰  

‍ὸ  Factor accounting for effect of age of concrete at loading on ‰  

ȹ Chord displacements in a frame member 

ῳ  Lateral deflection at top of column c with respect to its bottom, in 
the storey considered along the principal plan direction considered 

ῳ  Short-term deflection  

ῳ ȟ Long-term deflection due to shrinkage  

ῳ ȟ Long-term deflection due to creep  

ῳ  Deflection due to temperature effects  

ῳὊ Loss of prestress due to creep of concrete  

ῳὊ Loss of prestress due to shrinkage of concrete  

ῳὪ  Integrated and averaged creep stress along the line joining the 
anchorage points 

ῳὊ Loss of prestress due to relaxation in prestressing steel  

ῳὪ Relaxation losses (stress) in prestressing steel, which varies with 
type of steel, initial prestress, age and temperature 

ῳὊ Loss of prestress due to elastic shortening of concrete 

ῳὊ Loss of prestress due to slip of wires during anchoring 
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ῳί Slip in the anchorage of prestressing steel 

ῳὊ ὼ Loss of prestress due to friction in wires 

ЎὪ  Range of forces 

Ў„  Minimum fatigue strength 

ŭ Relative to chord displacements in a frame member 

‗ Aggregate type factor  

‗ Cross-section Size factor 

‗ Cross-section geometry factor  

‐ Strain 

‐ Initial strain in prestressing steel after losses 

‐ Compatibility of strains at a section 

‐ Yield strain of reinforcing steel under uniaxial tension 

‐ ὸ Creep strain at time t>t0 (it does not include the instantaneous 
elastic strain in concrete at the time of loading) 

‐  Strain at point of tangent to post-peak confined „ ‐ curve  

‐  Ultimate strain capacity of confined concrete  

‐ ὸ  Initial elastic strain at loading 

‭  Autogenous shrinkage strain 

‭  Total shrinkage strain 

‭  Drying shrinkage strain 

 ‭ ȟ Final value of the drying shrinkage strain 

‐  Strain in concrete at ultimate strain  

‐  Ultimate Strain of unconfined concrete  

‐ȟ  Limiting strain in concrete  

‐ȟ  Limiting strain in reinforcing steel 

‐ ȟ  Limiting strain in prestressing steel 

‐  Design temperature strain imposed on concrete  

‐  Average strain at the level of the outermost layer of longitudinal bar 

‎ Partial safety factors for loads 

‎  Partial safety factors for material strengths 

‎ Partial factors of safety on CO2ck 

‎ Partial factor of safety for action /effects 

‎, ‎ Normalized rotational restraints factor  

‎  Factor of safety against lateral instability 

‎  Partial safety factor based on level of quality assurance (QA) and 
design service life 

‎  Partial safety factor based on level of quality assurance (QA 

ɋ Earthquake overstrength factor 

   Ultimate overstrength factor for reinforcing steel 
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   Ultimate overstrength factor of prestressing steel 

   Yield overstrength factor of prestressing steel 

‪ Shrinkage curvature  

‪  Temperature curvature  

„   Standard deviation, Stress 

„  In flexural members permissible stress in compression 

„   In flexural members permissible stress in tension  

„  Permissible stress in concrete under bending compression  

„  Permissible stress in concrete under bending tension  

„  Permissible stress when compressive resistance of concrete is 
considered 

„  Permissible bearing strength  

„  Permissible axial strength in axial compression 

„  Permissible axial strength in axial tension 

„  Permissible flexural strength in bending compression  

„  Permissible flexural strength in bending tension 

„  Permissible stress in concrete under axial compression  

„  Permissible stress in concrete under axial tension  

n Poissonôs ratio  

’ Poissonôs ratio of concrete 

‘ Coefficient of friction in curve 

— Rotation at the top of compression member 

— Rotation at the bottom of the compression member 

— Angle subtended by link i from the diametrical cut section in a 
circular section 

• Nominal diameter of rebar, Diameter of the cross-section of a 
circular section, Minimum diameter of mandrel  

•  Size of the bar, or in bundled bars, size of the equivalent area 

‰ȟ ὸ Creep co-efficient 

‰  Notional creep coefficient to which the creep co-efficient reaches 
logarithmically in 75 years 

‰  factor account for effect of relative humidity on notional creep 
coefficient 

•  Diameter of the bar used as transverse reinforcement 

†  Design bond stress 

†  Limiting design bond strength  

†  Design shear strength of concrete  

† ȟ  Design shear strength of concrete in structural wall  

† ȟ  Maximum design shear stress of concrete in structural wall  

†  Design shear strength in punching shear 
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†  Design shear strength in distortional shear 

† Design shear stress demand 

†  Design shear stress transferred from slab to column or footing to 
column by symmetric bending of slab or footing 

†  Design shear stress transferred from slab to column or footing to 
column by unsymmetric bending of slab or footing  

† Nominal shear stress at the face of the support due to factored 
design vertical force 

†   Permissible stress in shear 

†  Nominal design shear stress demand  

† ȟ Total serviceability design shear stress demand at the critical 
section  

†ȟ  Maximum design shear stress of concrete  

† Design shear strength of concrete  

†  Design shear strength of reinforcing steel bars  

†  Design shear strength of prestressing steel 

†  Permissible bond strength  

†  Permissible shear stress strength  

† ȟ  Permissible maximum shear strength  

†  permissible punching shear strength  

† , †  Design distortional shear stress demands acting horizontally along 
principal plan directions X and Y of the beam-to-column joint  

†  Characteristic strength of the bars used as stirrups 

” Coefficient dependent on type of cement/binder; electrical 
resistivity 

”ὸ Stress relaxation at time t (hours) 

” Effective percentage area ratio  

” Strength enhancement factor  

” Strain enhancement factor  

”  Area ratio of transverse reinforcement along x-direction of a 
rectangular section 

”  Area ratio of transverse reinforcements along y-direction of a 
rectangular section  

” Area ratio of transverse reinforcements at any section of a circular 
section  

” Ὕ Variation in density with temperature 

– Eccentricity factor to reduce the axial force capacity in view of the 
requirement to design for a minimum eccentricity of 5 percent of 
dimension of the member perpendicular to the axial of bending 

– Anchorage efficiency 

– Coefficient accounting for type of tendon and bond with concrete  

– Coefficient accounting for quality of bond with concrete 
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‘ Factors based on area of bottom tension steel  

‘ Factors based on area of compression steel 

‘ Factors based on aspect ratio 

‘ Factors based on area of effective width of flange of the member 

 
4.2 Abbreviations 
 

ACR Alkali carbonate reactivity  

ASR Alkali silica reactivity  

BL Blast load 

CL Construction load 

CRCA Cold rolled cold annealed 

C3A Tri-calcium aluminate  

C4AF Tetra calcium alumino ferrete 

CMOD Crack mouth opening displacement  

COD Crack opening displacement  

DBR Design basis report 

DEF Delayed ettringite formation 

DL Dead load 

EPL Earth pressure load 

ESL Elastic shortening load 

EIFS Exterior insulation finish systems  

FEM Finite element method 

FRP Fibre reinforced polymer 

FSL Foundation settlement load 

GGBF Ground granulated blast furnace 

GGBS Ground granulated blast furnace slag 

HDPE High density polyethylene 

IL Imposed load 

LMC Latex modified concrete  

LPL Liquid pressure load 

LR Load ratio 

MVL Machine vibration load 

NDT Non destructive test 

OMC Optimum moisture content 

PC Plain concrete 

PCE Polycarboxylate ethers 

PL Prestress load 

PMC Project management consultant 

PMC Polymer modified concrete 

PPC Portland pozzolana cement 
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PPCC Polymer Portland-cement concrete  

PSC Portland slag cement 

PRAN Permeability reducing admixture non-hydrostatic condition 

PRAH Permeability reducing admixture hydrostatic condition 

PVC Poly vinyl chloride 

QA Quality assurance  

QC Quality control 

QAP Quality assurance plan 

RC Reinforced concrete 

RCC  Reinforced cement concrete 

RCPT Rapid chloride permeability test 

RH Relative humidity 

RHPC Rapid hardening Portland cement 

RMC Ready mix concrete 

SBR Styrene butadiene rubber  

SCC Self compacting concrete 

SCM Supplementary cementitious material 

SFRC Steel fibre reinforced concrete 

SL Snow load 

SR Slenderness ratio 

SR Segregation ratio  

SRC Sulphate resisting cement 

TAL Temperature ï ambient air load 

TDS Total dissolved solids 

TFL Temperature ï fire load 

UFGBS Ultra fine ground granulated blast furnace slag 

UPV Ultrasonic pulse velocity 

UTS Ultimate tensile strength 

VEOVA Vinyl ester of versatic acid 

WL Wind load 

 

5 BASES FOR DESIGN 
 
The bases for design of concrete structures specified herein shall be applicable only 
to structures that are constructed on competent ground, and are stable under the 
action of the design loads.  
 
5.1 Concrete Structures  
 
Concrete structures shall be built with either reinforced concrete (RC) or prestressed 
concrete (PSC). 
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5.1.1 Reinforced Concrete Structures 
 
5.1.1.1 Reinforced concrete structures may be composed of any of the following basic 
structural systems: 
 
a) Moment frame system, 
b) Structural wall system,  
c) Braced frame system, and 
d) Advanced systems (such as tube and frame-tube), 

 
or a combination thereof. 
 
5.1.1.2 While selecting a structural system for a RC structure, the following shall be 
considered: 
 
a) Structural wall systems perform better than moment frame systems; 
b) Extreme caution shall be exercised when adopting flat slab type flooring 
systems in concrete structures, as specified in IS 1893 (Part 1) and IS 1893 
(Part 5); 

c) Connections and joints shall not fail or enter inelastic behaviour, even though 
members may fail; 

d) Reasonable parity shall be ensured between the grades of concrete and 
reinforcing steel employed.  Combinations of high grade steel with low grade 
concrete shall not be admissible, while combinations of low grade steel and 
high grade concrete may be wasteful; and 

e) Construction technology employed shall be sensitive to the mass, age of 
loading on creep and shrinkage deflections and method of erection of the 
structure. 

 
5.1.2 Prestressed Concrete Structures 
 
Prestressed concrete structures perform best when the reversal of stresses does not 
negate the effect of prestressing. Design shall ensure that all possible stress reversal 
are carefully examined and such structures shall be permitted in earthquake-prone 
areas only when quantitative evidence of satisfactory behaviour is available and after 
due diligence by the statutory authority.  
 
5.1.2.1 Methods of prestressing 
 
a) Pre-tensioning and post-tensioning are permitted.  But, when post-tensioning is 
undertaken using proprietary items, the efficacy shall be demonstrated through 
testing of these systems at a recognized laboratory approved by the competent 
authority.  

b) Prestressing may be achieved by either of the following methods: 
1) External prestressing method, and  
2) Bonded internal prestressing method. 
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5.1.2.2 Direction of prestressing 
 
a)  Prestressing of straight or curved members can be performed in the horizontal, 
vertical or any other direction depending on the configuration of the structure. 

b)  Prestressed members may be combined with non-prestressed members, like 
in: 
1) bridges with superstructures prestressed and the other components not 
prestressed, and  

2) buildings with slabs prestressed and the rest of it are not prestressed. 
 
5.1.2.3 Effects of prestressing 
 
When choosing to prestress select components of concrete structures: 
 
a) Prestressing method employed shall be commensurate with strength of 
concrete on the day of prestressing, and its implications on construction 
sequence; and 

b) Differential deformations between prestressed and non-prestressed members 
shall be duly considered in design.  Owing to the higher stiffness and strength 
of the prestressed members , compatibility of deformations at the interface of 
prestressed and non-prestressed members shall be ensured. 

 
5.2 Materials 
 
Concrete structures shall be designed with available construction materials, whose 
engineering properties are obtained as characteristic material properties as per the 
relevant Indian Standards, and design material properties as per 7. 
 
5.3 Loads  

 
Concrete structures shall be designed to resist the effects of the applicable loads, 
which shall be identified by the owner and documented in the Design Basis Report 
(DBR).  The loads shall be: 
 
a) represented by their characteristic loads considered as per 6.3, and 
b) combined as per the load combinations specified in 6.4 to get the design loads. 

 
5.4 Basics of Design Process 
 
The design of concrete structures shall begin with: 
 
a)  performing the conceptual design, which involves choosing: 
1)  the overall form like overall shape and overall geometric sizes, 
2)  the structural system like the structural grid along the three cartesian 
directions, the type of structural elements, and 

3)  the material of construction; and 
b)  preparing the Design Basis Report (DBR), which is prepared by the structural 
engineer and approved by the owner before the start of the design for all 
considerations, including: 
1)  the design standards to be adopted,  
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2) the field investigations at the site of the project,  
3) the materials suggested to be used,  
4)  the loads to be considered,  
5) the essential load combinations to be considered,  
6)  the method of analysis to be adopted,  
7) the methods of design and detailing proposed to be adopted, and  
8) any other special considerations. 

 
5.5 Methods of Analysis 
 
5.5.1 Static and Dynamic Analysis 
 
The stress-resultants in members, reactions at supports, and deformations in 
members and structure shall be obtained by the methods of structural analysis 
specified hereunder, unless otherwise stated. 
 
a) Static analysis shall be deemed to be sufficient when it is acceptable to 
represent all loads by equivalent static loads and when inertia forces are not 
significant. The following methods of static analysis shall be admissible: 
1) Three-dimensional linear static analysis in all structures; 
2) Two-dimensional linear static analysis may suffice in regular structures, with 
direct load paths in the form of regular structural grid along all three 
directions; and 

3) Simplified estimates provided in 8.4 may be used in limited cases, as 
specified therein.  

b) Dynamic analysis shall be employed when the applied loads are vibratory in 
nature and inertia forces are significant. The following methods of dynamic 
analysis shall be admissible: 
1) Three-dimensional linear dynamic analysis in all structures for estimating 
the effects for examining the strength and serviceability criteria (5.7.2.1 and 
5.7.2.2); and 

2) Three-dimensional nonlinear dynamic analysis in select structures (see 
5.7.2.4 and 5.7.2.5) for estimating the effects for examining the additional 
robustness and integrity criteria.  Both material and geometric nonlinearities 
shall be considered.  The characteristics of nonlinear member models 
assumed therein (such as initial & degrading stiffnesses, cracking, yield & 
ultimate strengths, and cyclic hysteresis rules) shall be consistent with those 
of the materials used.  These may be estimated analytically based on the 
properties of constituent materials, or ascertained experimentally.  

 
5.5.2 Governing Equations 
 
Concrete structures resting on competent ground shall be analysed such that the 
following three sets of governing conditions are complied with:  
 
a) Equilibrium Equations ð The structure as a whole or in parts shall satisfy six 
equilibrium equations, namely three force equilibrium equations and three 
moment equilibriums; 

b) Constitutive Laws of Materials ð The stress-strain relation specified in this 
standard shall be applicable at each material point in the structure; and 
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d) Geometric Compatibility Conditions ð The geometric compatibility shall be 
upheld between the following: 
1) the structure and the supports, and  
2) the adjoining members within the structure.  

 
5.6 Structural Design  
 
5.6.1 Categories of Structures  
 
5.6.1.1 Based on the relative severity of the negative consequences (that is, losses of 
life and livestock, losses of property and harm to natural environment) in the event of 
failure of a structure, structures shall be classified into four categories, namely: 
 
a)  Special structures ð structures whose failure will have international impact, 
and which are required for national security; 

b)  Critical structures ð structures whose failure will have national impact, and 
which are required in the aftermath of disasters for servicing the people, and 
for ensuing disaster management, and governance & business continuities; 

c)  Important structures ð structures whose failure will have regional impact, and 
which are structures in which large number of people live, function or 
congregate; and 

d)  Normal structures ð structures whose failure will have local impact, and which 
are not listed as special, critical or important structures.  

 
5.6.1.2 The select structures shall be designed for higher effects of loads, and provide 
higher performance under the action of the expected loads on it. 
 
All critical and special structures shall be termed as select structures.  In addition, the 
owner and/or a competent authority may identify a normal or important structure as a 
select structure; in such a case, it shall be stated in the DBR.  
 
5.6.2 Design Quantities  
 
The design of concrete structures shall comply with the following: 
 
a) Under the action of the most unfavourable combination of force and 
displacement loads (with partial safety factor ‎ for loads taken as per the load 
combinations specified in 6.4), the following shall be evaluated by linear 
structural analysis: 
1) Stresses (namely normal and shear stresses) induced at critical cross-
sections of the structure, 

2) Vibrations (namely relative displacements, relative velocities and absolute 
accelerations) induced at critical locations of the structure, and 

3) Deformations (namely translations and rotations) induced at critical sections 
of members and critical locations in the structure. 

 
These shall be under the action of the loads specified in 6.  When doing so, the 
modulus of concrete shall be taken as the tangent of the design stress-strain 
curve at a stress of πȢτὪȾ‎. 
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b) The design stress-resultant capacities of members (namely limiting design axial 
force ὖ, shear force ὠ   and ὠ , bending moment ὓ  and ὓ  and torsional 
moment Ὕ capacities either individually or in combination) shall be estimated 
by the limit state method using principles of mechanics and the appropriate 
partial safety factors ‎ for materials specified in this standard. 

 
c) The stress-resultants demands at any section estimated in (a) above shall be 
less than the design stress-resultant capacities of members estimated in (b) 
above. 

 
5.7 Design Criteria 
 
5.7.1 Six Design Criteria 
 
5.7.1.1 Six criteria shall be considered in the design of concrete structures, namely: 
  
a)  Strength criteria, 
b)  Serviceability criteria, 
c)  Durability criteria, 
d)  Robustness criteria, 
e)  Integrity criteria, and  
f)  Restorability criteria. 

 
5.7.1.2 Concrete structures shall be designed to meet the six criteria as specified 
hereunder. 
 
a) The structure shall be designed on the basis of the quantitative strength criteria 
specified in 5.7.2.1, and 
 

b) shall be checked to meet: 
 
1) All structures ï the remaining two quantitative criteria, namely serviceability 
criteria (as per 5.7.2.2) and durability criteria (as per 5.7.2.3), and 

2)  Select structures ï the remaining three quantitative criteria, namely 
serviceability criteria (as per 5.7.2.2), durability criteria (as per 5.7.2.3), 
robustness criteria (as per 5.7.2.4), the remaining two qualitative criteria, 
namely integrity criteria (as per 5.7.2.5) and restorability criteria (as per 
5.7.2.6).  

 
The sequence of design involving the six criteria is given in Fig. 1.  
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FIG. 1 SEQUENCE OF MEETING THE SIX CRITERIA FOR STRUCTURAL DESIGN OF  
CONCRETE STRUCTURES  
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5.7.2 Performance and Design Requirements  
 
The performance expectations (related to structural behaviour) and the design 
requirements (related to quantitative calculations) of concrete structures shall be taken 
as specified hereunder corresponding to each of the six design criteria. 
 
5.7.2.1 Strength Criteria 
 
a)  Performance requirements 

 
The structure (or a part thereof) shall possess sufficient capacity as specified 
hereunder under the action of loads applied as per the load combinations 
specified in Table 2 for the strength design of members:  
 
1) All structures   

 
i)  Strength to sustain only limited or no damage, under the effects of basic 
load combinations, and 

 
2) Select structures   

 
i)  Strength to resist inelastic effects, under the effects of accidental load 
combinations, and 

 
ii)  Deformation capacity that results in no collapse of the structure, either 
partially or completely, under the effects of extreme load combinations. 

 
b)  Design requirements 

 
The requirements given at 9.3 shall apply.  In particular, all structures (or a part 
thereof) shall comply with the following under the load combinations specified 
in 6.4: 
 
1)  Strains at a point in concrete and reinforcing steel at the critical cross-
sections of members shall be within the limiting values specified in 9.3.2.3, 
when estimating ὖ, ὓ  and ὓ  capacities, or a combination thereof, and 

 
2)  Stresses at a point in concrete and reinforcing steel at the critical cross-
sections of members shall be within the limiting values specified in: 

 
i)  9.3.2.5, when estimating ὠ  and ὠ  capacities, and  
ii)  9.3.2.6, when estimating  Ὕ capacity. 

 
5.7.2.2 Serviceability Criteria 
 
a) Performance requirements 

 
All structures (or a part thereof) shall possess sufficient stiffness to ensure that 
under the action of loads applied as per the load combinations specified in   
Table 3 for the serviceability design of members: 
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1) Stresses induced at the critical sections do not result in significant 
nonlinearities in concrete and steel, or initiate cracking at a material point 
level under fatigue loading, 

2) Crack widths do not expose reinforcement bars resulting in excessive 
corrosion, and 

3) Deformations do not damage the architectural elements and utilities, 
 
b) Design requirements 

 
The requirements given at 9.4 shall apply.  In particular, all structures (or a part 
thereof) shall comply with the following: 
 
1)  Deformations (namely relative translation, relative rotation and 
accelerations) at the critical locations of members shall be within the limiting 
values specified in 9.4.1, 

2) Crack widths shall be within the permissible values specified in 9.4.1.3, and 
3) Stresses in concrete and steel at a point at the critical cross-sections of 
members shall be within the permissible values specified in 9.4.2 when 
estimating ὖ, ὓ  and ὓ  capacities, or a combination thereof. 

 
5.7.2.3 Durability Criteria 
 
a) Performance requirements 

 
All structures (or a part thereof) shall sustain such deterioration of the materials 
under environmental actions (that is, physical, chemical and biological actions), 
which does not jeopardize its expected service life, under the action of loads 
applied as per basic load combinations given in Table 3 for serviceability design 
of members. 

 
b) Design requirements 

 
The requirements given at 9.5 shall apply.  In particular, all structures shall be 
designed such that the materials (types and grades), cover to reinforcement, 
minimum cement content and maximum water cement ratios adopted meet the 
durability requirements corresponding to the expected service life and to the 
prevailing environment conditions. 

 
5.7.2.4 Robustness Criteria 
 
a) Performance requirements 

 
All select structures (or a part thereof) shall sustain the following, under the 
action of loads applied as per accidental load combinations specified in         
Table 4: 
1) Inelastic stress-resultants induced in it without losing its equilibrium, and 
without global collapse or local collapse without or with progressive 
collapse, and 

2) Deformation demands without fracture in steel or crushing of concrete. 
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b) Design requirements 
 
The requirements given at 9.6 shall apply.  In particular, all select structures 
shall comply with the following: 
 
1) Blast Resistance 

 
The requirements of IS 4991 (Part 1) shall be complied with for explosions 
above ground, and of IS 6922 for underground blasts while designing 
concrete structures. 
  

2)  Fire Resistance 
 
Flame penetration and heat transmission without demands such that: 
 
i) Transmission time of heat to steel reinforcement bars in the interior of 
the structural elements shall be within the limits specified in 9.6.1; 

ii) Inelastic strength demands (namely ὖ, ὓ , ὠ and Ὕ, or their 
combinations thereof at all sections of members) shall be less than the 
corresponding reduced inelastic design capacities at elevated 
temperatures estimated as per 9.6.1; 

iii) Inelastic deformation demands (namely relative inelastic translation at a 
location in the structure or relative inelastic rotation in a member) shall 
be less than the corresponding deformation capacities of members 
estimated as per 9.6.1; and 

iv) Overall response does not result in collapse of the structure, including 
the progressive collapse requirement specified in 8.2.3.4(b). 

 
2) Impact Resistance 

 
Impact of the projectile on the structure shall be such that: 
 
i) Inelastic strength demands (namely ὖ, ὓ , ὠ and Ὕ, or their 
combinations thereof at all sections of members) are less than the 
corresponding inelastic design capacities estimated as specified in 
9.6.3. 

ii) Inelastic deformation demands (namely relative inelastic translation at a 
location in the structure or relative inelastic rotation in a member) shall 
be less than the corresponding deformation capacities of members 
estimated as per 9.6.4; and 

iii) Overall response does not result in collapse of the structure, including 
the progressive collapse requirement specified in 8.2.3.4(b). 

 
5.7.2.5 Integrity Criteria 
 
a) Performance requirements 

 
All select structures (or a part thereof) shall possess such virtues of structural 
behaviour that it sustains the following, under the action of loads applied as per 
integrity load combinations specified in Table 5: 
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1) No collapse in Normal Structures,  
2) No crushing of core concrete in Important Structures,  
3) No yielding of longitudinal bars in Critical Structures, and 
4) No spalling of cover concrete in Special Structures, 
 
where the said four categories of structures shall be taken as per 5.6.1.1. 

 
b) Design requirements 

 
The requirements given at 9.7 shall apply.  In particular, all select structures 
shall comply with the following: 
 
1) The structural system shall be simple with sufficient alternate load paths to 
safely transmit the inertia forces induced during ground shaking or ground 
settlement to the ground, without the irregularities specified in                            
IS 1893 (Part 1) and the corresponding other part of IS 1893 depending on 
the type of the structure; 

2) The vertical members shall be of large cross-sectional area to provide at 
least a minimum initial lateral stiffness as specified in IS 1893 (Part 1); 

3) The members shall be designed such that the overall lateral strength shall 
be as specified in IS 1893 (Part 1); and 

4) Select members shall possess deformation capacities (namely relative 
inelastic rotation at their critical cross-sections) such that the overall lateral 
deformability of the structure (relative inelastic displacement in it) meets the 
lateral deformation demand estimated as per IS 1893 (Part 1). 

 
5.7.2.6 Restorability Criteria 
 
a) Performance requirements 

 
1) All select structures shall be designed such that, when they are damaged 
under the action of loads applied as per extreme load combinations 
specified in Table 5, it should be possible to bring them back conveniently 
and quickly to original condition (if not to a better condition) by structural 
retrofitting. Hence, all select structures (or a part thereof) shall be designed 
such that they sustain damage: 
 
i) in select members as per capacity design requirements specified in               
IS 13920,  

ii) at accessible critical locations within these select members, 
iii) of the inelastic and ductile type as per capacity design requirements 
specified in IS 13920, 

iv) of limited extent that can be retrofitted, and 
v) that can be retrofitted by techniques and materials available at the time 
of design. 

 
2) All select structures shall be designed such that, when they deteriorate 
under the action of aggressive environment, it should be possible to bring 
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them back to original condition (if not to a better condition) by structural 
repair.  Therefore, a structure (or a part thereof) shall be: 

 
1) Designed to sustain such levels of deterioration in materials, which can 
be subjected to structural repairs by the techniques and materials 
available at the time of design to undertake the needed structural repair 
in a timely manner, and 

2) Provided at the design stage itself with a maintenance schedule to 
undertake timely structural repairs on the structure, 

 
such that the deterioration controlled to within acceptable levels. 

 
b) Design requirements 

 
The requirements given at 9.8 shall apply.  In particular, all select structures 
shall comply with the following: 
 
1) Members which are not intended for damage shall sustain only nominal 
structural repair (without any structural retrofit of the members) under the 
action of design loads; and 

2) The location of possible damage under design earthquake ground shaking 
shall be pre-determined to be at such locations that are accessible, during 
design through:  

 
i) proportioning the stiffness and strength of members, when designing a 
new structure, and  

ii) proportioning the stiffness and strength of existing members being 
modified and/or of new structural members being added to the structure, 
when retrofitting an existing structure; 

 
c) The environment at the site of the structure shall be identified realistically, and 
the effects of environment shall be considered duly in design for durability as 
per 9.5; and 

  
d) A maintenance schedule shall be provided at the time of design, which 
estimates the condition of the structure during its life based on measurements 
made on it and its constituent materials. 

 
5.7.2.7 Inelasticity in prestressed members 
 
No inelasticity shall be permitted in prestressed members under the design load 
actions considered as per 5.3. 
 
5.7.3 Resistance 
 
5.7.3.1 The internal resistance capacities (namely strength and deformation 
capacities) of members of concrete structures shall be estimated based on accepted 
theories, experimental evidences, professional experience and need for durability. 
Unless required otherwise, 
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a) Strengths of members shall be estimated as per the limit state method specified 
in 9.3; 
 

b) Serviceability level stresses and deformations in a structure and its members 
shall be estimated as per the permissible stress method specified in 9.4, and 
the deflections and rotations as specified in 9.4.1;  
 

c) Durability of members of a structure shall be examined as per the empirical 
method specified in 9.5; and 
 

d) Robustness, integrity and restorability of a structure and its members shall be 
addressed as per the procedure specified in 9.6, 9.7 and 9.8 respectively. 

 
5.7.3.2 Concrete structures designed and detailed as per this standard shall possess 
(throughout its expected service life) margins specified hereunder.  
 
a) All concrete structures shall possess: 

 
1)  the strength corresponding to the stress-resultants at cross-sections of 
members, when the structure is subjected to the design loads as per the 
load combinations specified in Table 2,  

2)  the serviceability corresponding to the deformations induced in members 
and in the structure, when the structure is subjected to the design loads as 
per the load combinations specified in Table 3, and 

3)  the durability of the members and hence the structure corresponding to the 
environment at the site of the structure; and 

 
b) Select concrete structures shall possess: 
  
1)  the strength, the serviceability and the durability as per 5.7.2,   
2)  the robustness corresponding to the stress-resultants at cross-sections of 
members, when the structure is subjected to the design loads (namely fire, 
impact and blast loads) as per the load combinations specified in Table 4, 
and examined to not sustain progressive collapse,  

3)  the integrity corresponding to the deformations induced in members and in 
the structure, when the structure is subjected to the design loads as per the 
load combinations specified in Table 5, and  

4)  the restorability of the members and hence the structure, corresponding to 
the forces and deformations induced in members, when the structure is 
subjected to design earthquake loads as per the load combinations 
specified in IS 1893 (Part 1) and the additional load combinations specified 
in the respective part of IS 1893 depending on the type of the structure. 

 
5.7.3.3 Joints and Connections 
 
a)  Both cast in-situ and precast concrete structures shall be designed such that 
all member joints and connections shall remain elastic (under the action of the 
forces and moments transmitted through them under the action of design loads 
combined as per Table 2), except when stated otherwise in other relevant Indian 
Standards. 
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b)  When joints and connections sustain inelasticity even after being designed for 
the design loads, the structure shall be provided with additional lateral restraint 
in the form of braces or structural walls made-by adequate moment connections 
or by a system of bracings. 

 
5.7.3.4 Effect of fatigue shall be considered in design through modified design 
strengths of the constituent materials, when the vibrating force imposes large number 
of cycles of oscillating stresses, including in case of: 
 
a)  vehicular loads as specified in IS 875 (Part 5), and 
b)  machine vibrations.   
 

5.7.3.5 Effects of fluctuations in creep, shrinkage and temperature (ambient air) in RC 
structures shall be estimated, and expansion joints be provided, if the largest plan 
dimension of the structure exceeds 45m, unless detailed calculations show otherwise. 
This effect may be ignored in the design of multi-storey RC buildings up to 15m in 
height, if the largest dimension exceeds 45m in plan.  

 
5.7.4 New Technologies 
 
Strength design and serviceability check for concrete structures using new 
technologies and systems may be accepted based on experimental studies also in 
case design and detailing are based on: 
 
a) Results from experimental investigations on prototype model(s) and 
appropriate analytical studies and satisfy the strength and serviceability 
requirements laid down in this standard, and 
 

b) The said experimental investigations and appropriate analytical studies 
mentioned in (a) above are duly approved by a technical committee of subject 
experts appointed by the competent authority. 

 
5.8 Process of Design 
 
Structures shall be designed by: 
 
a) Prescriptive process, when the design basis report specifies that the structure 
shall satisfy the requirements of strength, serviceability and durability; and  

 
b) Closed-loop process, when the design basis report specifies that the structure 
shall satisfies the requirements of strength, serviceability, durability, robustness, 
integrity and restorability. 

5.8.1 Prescriptive Process  
 
This consists of a set of quantitative experience-based requirements specified in 9.1 
to 9.5. The designer shall comply with the steps in this process and render implicitly 
the structure as deemed to meet the intent of the standard.  
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5.8.2 Closed-Loop Process  
 
This consists of a set of: 
 
a) Quantitative experience-based requirements specified in 9.1 to 9.5, and  
b) Qualitative performance requirements specified in 9.6 to 9.8 in the form of 
procedures, complying with which establishes explicitly that the structure has 
met the intent of the standard. 

 
5.9 Assessment and Strengthening of Existing Concrete Structures 
 
When required, the safety of an existing structure shall be assessed quantitatively as 
per the relevant Indian Standards.  In case the structure is found to be structurally 
deficient, it shall be strengthened with least disturbance to the existing structure, 
towards enhancing the structural characteristics for which it is deficient, and 
demonstrated quantitatively that the strengthening intervention recommended is 
effective in eliminating the structural deficiency. 
 
5.10 Quality Control and Quality Assurance 
 
5.10.1 Relevant Indian Standards shall be complied with for materials, production, 
workmanship, maintenance and use of structure to realize the design objectives. 
Constructability, maintainability and usability (during design service life) shall be 
integral part of the process of design along with the usual activities of choosing 
materials, selecting suitable structural system, preparing accurate analytical models, 
performing structural design, and providing reinforcement detail. 
 
5.10.2 The owner shall ensure that quality systems are in place to build safe, 
serviceable, sustainable, aesthetic and economical structures to adopt quality control 
and assurance. 
 
5.11 Maintenance 
 
5.11.1 Types of Maintenance in Focus 
 
Maintenance of concrete structures shall be ensured to: 
 
a)  prevent deterioration of structural members through the nominal structural 
repairs, and  

b)  stop further deterioration of structural members through the detailed structural 
repairs, when required. 

 
The owners shall ensure that systems are in place to undertake maintenance of 
structures throughout the expected service life of the structures. 
5.11.2 Actions of Maintenance  
 
The designer shall identify the actions to be taken during the expected service life of 
the structure, to prevent its undue deterioration. 
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6 LOADS AND ITS EFFECTS  
 
Two types of loads shall be considered in the structural design of concrete structures, 
namely force loads and deformation loads, which are specified as characteristic loads 
in 6.1 and 6.2. The applicable loads shall be specified explicitly in the design basis 
report. 
 
6.1 Force Loads 
 
The force loads to be considered in the design of concrete structures, as applicable 
shall be: 
 
a)  Dead load,  

 
b)  Imposed load, including maintenance specific imposed load,  
 
c)  Wind load,  
 
d)  Machine vibration load, 
 
e)  Earth pressure load,  
 
f)  Snow load, including avalanches,  
 
g)  Liquid pressure load, including hydrostatic, hydrodynamic and other liquid 
pressures, 

 
h)  Prestress load, 
 
i)  Blast load,  
 
j)  Impact load, and 
 
k)  Construction load. 

 
6.1.1 Dead Load 
 
6.1.1.1 Dead load shall be considered as specified in IS 875 (Part 1) as a downward 
static force acting on the structure.  These include provisional dead loads appearing 
on the structure during construction.  The unit weights of concretes shall be taken as 
per IS 383 and of other materials as per IS 875 (Part 1). 
 
6.1.1.2 When the materials being used are different from those listed IS 875 (Part 1), 
the dead load of a structure shall be estimated using unit weights of the materials used 
in its construction, finishes, architectural treatment and add-ons.  
 
6.1.2 Imposed Load 
 
Imposed load shall be considered as specified in IS 875 (Part 2) for buildings, and for 
highway, railway, aqueducts or pipeline bridges, specialist literature shall be referred.  
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This shall be considered as a downward force, unless modified otherwise by the said 
standards.  
 
6.1.2.1 Critical positioning of imposed load 
 
Imposed load shall be placed on the structure at such locations that give the most 
unfavourable effect on it, with respect to the stress-resultant in focus. In the absence 
of detailed estimate of this effect, this standard requires consideration with respect to 
imposed load arrangement at least of the following: 
 
a) When design imposed load is more than 0.75 times the design dead load, then: 

 
1) Maximum positive bending moment near mid-span of a slab panel shall be 
assumed to occur when the full design imposed load is on the slab panel 
and on alternate slab panels; and  

2) Maximum negative bending moment in the slab at a support shall be 
assumed to occur when the full design imposed load is on the entire slab 
system; and 

 
b) When design imposed load is less than 0.75 times the design dead load, then:  

 
1) Maximum positive bending moment near mid-span of a slab panel shall be 
assumed to occur when 75 percent of the full design imposed load is on the 
slab panel and on alternate slab panels; and 

2) Maximum negative bending moment in the slab at a support shall be 
assumed to occur when 75 percent of the full design imposed load is on the 
adjacent panels. 

 
In no case, design bending moments shall be taken less than those occurring with full 
design imposed load on all slab panels. 
 
The above considerations shall be valid for design of continuous beams also.  
 
6.1.2.2 Reduction in imposed load 
 
The imposed load can be reduced up to 50 percent for the purposes of design; such 
reductions shall not be permitted in the design of the following structures:  
 
a) Structures related to garages and places of public assembly, and  
b) Structures on whom the imposed load is 5 kN/m2 or more. 

 
The reduction in the column axial load arising from imposed load, shall be applicable 
depending on the number of storeys in the column, specified in 3.2 of IS 875 (Part 2), 
except when the load combination being considered includes earthquake load in it. 
 
6.1.2.3 Imposed load in estimation of deflection owing to creep 
 
When computing the deflections due to creep, only that portion of the imposed load 
shall be considered, which are present for extended duration during the expected 
service life of the structure. 
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6.1.3 Wind Load 
 
Wind Load shall be considered as specified in IS 875 (Part 3) as force applied normal 
to the surface of the structure arising from natural wind acting on it.  It shall be 
considered along such direction(s), which produces the worst effect on the structure. 
 
6.1.4 Machine Vibration Load 
 
6.1.4.1 Machine vibrations shall be considered as specified in IS 875 (Part 5) as 
concentrated forces applied at the location of the anchors of the machines, such that 
the worst effect is accounted for on the structure. 
 
6.1.4.2 The load arising from machine vibrations shall be considered as: 
 
a)  1.5 times the peak load as impact allowance, when equivalent static analysis is 
performed, unless detailed analyses show otherwise, and 

b)  Actual temporal history of the vibrating load, when dynamic analysis is 
performed. 

  
6.1.5 Earth Pressure Load 
 
Earth pressure load shall be considered as specified in IS 875 (Part 5) for static actions 
and in IS 1893 (Part 1 to Part 8) for dynamic actions arising from effects of earthquake 
ground shaking, as vertical and horizontal forces acting on the structure.  

 
6.1.6 Snow Load 
 
Snow load shall be considered as specified in IS 875 (Part 4) as a downward force 
acting on the structure arising from natural snow acting on it.  
 
6.1.7 Liquid Pressure Load 
 
Liquid pressure load shall be considered as specified in IS 875 (Part 5) as a force 
applied normal to the surfaces of the structure arising from water or any other fluid 
acting on it statically or dynamically, as applicable, either from within or outside the 
structure. 
 
6.1.8 Prestress Load 
 
Prestress force in prestress steel shall be considered as a concentrated force applied 
at the locations where the strands are anchored on the member being prestressed. 
When doing so, both short-term and long-term losses in prestress force as specified 
in 9.3.4.4 shall be considered. 
 
6.1.9 Blast Load 
 
Blast load shall be considered as a force imposed on the structure arising from a 
denotation above ground as specified in IS 4991 (Part 1), on ground or underground 
as specified in IS 6922, and as the consequent oscillations of the ground arising from 
it. 
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6.1.10 Impact Load 
 
Impact load shall be considered as specified in IS 875 (Part 5) as a force applied in 
the direction of the impact on the structure arising from manmade action of: 
 
a) collision or sudden braking of a vehicle moving either on land or in water, or a 
crane moving on gantry inside the structure; and 

b) projectile impinging on it.  
 
6.1.11 Construction Load 
 
6.1.11.1 Construction load shall be considered as specified in IS 875 (Part 2) as a 
force applied on the structure during the construction stage, including considerations 
in design of: 
 
a) the structure in its unfinished states also,  
b) the changes in properties of concrete with age,  
c)  the some loads being temporary, and 
d) the sequence of construction in multi-storey buildings (where additional loads 
appear on already deformed state of the partially constructed structure), 

  
which can be considerable. 
 
6.1.11.2 The construction loads to be considered in the design of concrete structures 
include: 
 
a) enabling works (such as formwork), 
b)  construction equipment (such as floor polishing grinder) and plant (such as 
construction water purifier),  

c)  construction material (such as floor tiles stacked on a limited floor area), and 
d) people congregating on floors.  

 
on the partially or fully constructed structure during construction. 
 
6.2 Deformation Loads 
 
The deformation loads to be considered in the design of concrete structures are: 
 
a) Creep,  
 
b) Shrinkage,  
 
c) Elastic shortening, 
 
d) Temperature ï ambient air,  
 
e) Temperature ï fire,  
 
g) Foundation settlement, and 
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f) Earthquake ground shaking, including effects of tsunamis, 
 

which shall be taken as described hereunder.  
 
6.2.1 Creep  
 
Creep shall be considered as specified in 7.1.4.4 as a time-dependant strain induced 
in the members of concrete structures.  
 
6.2.2 Shrinkage  
 
Shrinkage shall be considered as specified in 7.1.4.5 as a time-dependent strain 
induced in the members of concrete structures.  
 
6.2.3 Elastic shortening  
 
Elastic shortening shall be considered as axial compressive strain, which arise in the 
members of concrete structures from axial compression: 
 

a) Prestressed concrete members estimated on the adjoining members that are 
cast in-situ with them, and 

 

b) Vertical members of buildings that are 50m or more tall imposed as 
displacement on all adjoining members.  The storey-wise construction of such 
buildings shall be considered in structural analysis.  

 
6.2.4 Temperature ï Ambient Air 
 
6.2.4.1 Temperature (ambient air) effects shall be considered as specified in IS 875 
(Part 5).  The elongation, contraction and bending of members subjected to differential 
temperature, gradient temperature and total increase in temperature across the depth 
of the cross-sections of the member estimated as per 8.10.3.  
 
6.2.4.2 The effects of these member deformations on stress-resultants of adjoining 
members shall be estimated through structural analysis, and considered in structural 
design. Shortening of members of the supporting structure and their flexibility are the 
bases of structural analysis.  
 
6.2.5 Temperature ï Fire 
 
Temperature (Fire) effects shall be considered as strains imposed on members. The 
prescriptive requirements of fire protection specified in 9.6 shall be met with. In the 
absence of this compliance, the effects of flames imposed on concrete members shall 
be estimated using time-dependant stress-strain curve considered suitably in 
nonlinear structural analysis.  
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6.2.6 Foundation Settlement 
 
Foundation settlement shall be considered as specified in IS 1904 as flexibility of the 
soil and time-dependant soil consolidation related settlements in the stability 
calculations and safety-related structural analysis. 
 
The settlement of foundations need not be considered, when the total instantaneous 
and time-dependant settlements (namely total and relative vertical deflections and 
rotations) do not exceed the permissible values specified in 9.4.1.6.  
 
6.2.7 Earthquake Ground Shaking 
 
Earthquake ground shaking shall be considered as per IS 1893 (Part 1) as a time-
dependent displacement imposed at the base of structures along the three cartesian 
directions. 
 
6.3 Design Loads 
 
6.3.1 Characteristic Loads 
 
The force loads and the deformation loads described in 6.1 and 6.2 shall be considered 
as characteristic force loads and characteristic deformation loads, respectively. 
 
6.3.2 Design Loads 
 
The design load ὒ shall be estimated as: 
 
 ὒ ὒ‎,  
 
where  
 
ὒ = Characteristic load specified in 6.3.1, and 
‎ = Partial safety factor appropriate for the load type and the design criteria being 

considered specified in Table 2 to Table 5. 
 
6.3.3 Partial Safety Factors ‎ for Loads 
 
The partial safety factor ‎ for different design loads shall be as specified in Table 2 to 
Table 5 for five design criteria.  Where the consequences (such as loss of life and 
disruption of economy) of a structure is considered to be more serious under the action 
of a certain design load than those considered in this standard through ‎, higher 
values of ‎ than those given in Table 2 to Table 5 may be adopted in the design of the 

structure; the same shall be documented in the design basis report.  
 
 
6.3.4 Other Loads 
 
Loads that cause more severe effects on concrete structures than those specified in 
6.1 and 6.2 can be adopted in the design at the discretion of the owner.  
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a)  Special Considerations 
 

Special considerations shall be given to design and detailing of structures that 
are subjected to stress concentrations and fatigue, as applicable, arising out of 
all or a few of them. 

 
b)  Design Basis Report 

 
All loads applicable to the design of concrete structures shall be declared in the 
design basis report.  

 
6.4 Load Combinations 
 
6.4.1 Structures shall be designed for the worst effects of three sets of load 
combinations specified in Table 1, namely: 
 
a)  Set 1 Basic load combinations in all structures,  
 
b)  Set 2 Accidental load combinations in select structures as declared in the DBR, 
and 

 
c) Set 3 Extreme load combinations related to foundation settlement in structures 
whose geotechnical report states that the foundation is likely to settle, and 
earthquake shaking in structures as per IS 1893 (Part 1) and the respective part 
of IS 1893 depending on the type of structure.  

 
Table 1 Loads to be Considered in the Three Sets of Load Combinations 

(Clause 6.4.1)  
 

Sl 
No. 

Load Load Combinations 

Set 1 
Basic 

Combinations 

Set 2 
Accidental 
Combinations 

Set 3 
Extreme 

Combinations 

A. FORCE LOADS 

1 Dead Load (DL) Yes Yes Yes 

2 Imposed Load (IL) Yes Yes Yes 

3 Wind Load (WL) Yes No No 

4 Machine Vibration Load (ML) Where 
applicable 5 Earth Pressure Load (EPL) Where 

applicable 
Where 
applicable 6 Snow Load (SL) 

7 Liquid Pressure Load (LPL) 

8 Prestress Load (PL) 

9 Blast Load (BL) No Yes No 

10 Impact Load (IPL) Yes 

11 Construction Load (CL) Yes 

B. DISPLACEMENT LOADS 

1 Creep (CL) Yes No No 

2 Shrinkage (SHL) Yes 

3 Elastic Shortening (ESL) Yes 
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4 Temperature ï Ambient Air (TL) Yes 

5 Temperature ï Fire (TFL) No Yes 

6 Foundation Settlement (FL) No Yes 

7 Earthquake Shaking (EL) Yes 

 
6.4.2 The load combinations specified in 6.4.1 are the minimum combinations that 
need to be considered.  Further: 
 
a) All load combinations are considered in design, which are likely to cause 
maximum effect on the structure. If new combinations are more critical than the 
minimum combinations specified in Tables 2 to 5, the same shall be considered; 
and 

 
b) Additional load combinations may be specified by other Indian Standards when 
designing specific structures; even those shall be considered when designing 
those structures.  

 
6.4.3 The structure shall be examined under the action of loads arising from combining 
the design loads (as stated in 6.3) as per: 
 
a) Table 2, when designing to meet the strength criteria specified in 5.7.2.1;  
 
b) Table 3, when checking compliance of the serviceability criteria specified in 
5.7.2.2, and when checking compliance of the durability criteria specified in 
5.7.2.3; 

 
c) Table 4, when checking compliance of the robustness criteria specified in 
5.7.2.4; 

 
d) Table 5, when checking compliance of the integrity criteria specified in 5.7.2.5, 
wherein the earthquake overstrength factor ɱ shall be taken as per the relevant 
part of IS 1893 depending on the type of the structure, and 

 
e) Table 2 to Table 5 (as applicable), when checking compliance of the restorability 
criteria specified in 5.7.2.6, unless stated otherwise in other relevant standards, 
like IS 13935 (Part 5) for earthquake retrofit of buildings.  
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Table 2 Partial Safety Factors ♬╛ to be applied on Characteristic Loads when 
Designing Members of Concrete Structures to meet the Strength Criteria 

(Clauses 5.7.2.1, 5.7.3.2, 5.7.3.3, 6.4.2 and 6.4.3) 
 

Sl No. Load Set 1 
Basic  

Combinations 

Set 2 
Accidental 
Combinations 

Set 3 
Extreme 

Combinations 

11 12 13 14 15 16 17 21 22 23 24 31 32 33 34 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

 A. Force Loads 

1 Dead Load (DL) 1.5 1.5 1.2 0.9 1.5 1.2 1.2 1.0 1.2 1.2 1.2 0.9 1.5 1.2 1.2 

2 Imposed Load (IL) 1.5  1.2  1.5 1.2 1.2 0.25  1.2  1.2   1.2 1.2 

3 Wind Load (WL)  1.5 1.2 1.5            

4 Machine Vibration Load (ML)      1.2          

5 Earth Pressure Load (EPL) 1.5 1.5 1.2 1.2 1.5 1.2 1.2 1.0 1.2 1.2 1.2 1.2 1.5 1.2 1.2 

6 Snow Load (SL)       1.2         

7 Liquid Pressure Load (LPL)                

(a) Static  a    1.5 1.5           

(b) Dynamic  a     1.5           

8 Prestress Load (PL)  
in prestressed structures 
only 

       1.0        

(a) Bonded Tendons                

(1) Minimum 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

(2) Maximum 1 1.0 1.3 1.0 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.0 

(b) Unbonded Tendons                

(1) Minimum 1 1.0 0.8 1.0 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8 1.0 0.8 1.0 

(2) Maximum 1 1.0 1.25 1.0 1.25 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.25 1.0 1.25 1.0 

9 Blast Load (BL)        1.0        

10 Impact Load (IML)         1.2       

11 Construction Load (CL)                

 B. Deformation Loads 

1 Creep (CL) 1.0 1.0 1.0 1.0 1.0 1.0 1.0         

2 Shrinkage (ShL) 1.0 1.0 1.0 1.0 1.0 1.0 1.0         

3 
 
Elastic Shortening (ESL)                

(a) Dead Load 1.3 1.3 1.3 1.3 1.3 1.3 1.3         

(b) Live Load 1.3 1.3 1.3 1.3 1.3 1.3 1.3         

(c) Prestress  
     in PSC structures only 

1.3 1.3 1.3 1.3 1.3 1.3 1.3         

4 Temperature ï Ambient Air 
(TL) 

1.2 1.2 1.2 1.2  1.2          

5 Temperature ï Fire (TFL)                

6 Foundation Settlement (FL) 1.0 1.0 1.0 1.0 1.0 1.0 1.0        1.0 

7 Earthquake Shaking (EL)            1.0 1.0 1.0  
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Table 3 Partial Safety Factors ♬╛ to be applied on Characteristic Loads When 
Designing Members of Concrete Structures to meet the Serviceability and 

Durability Criteria 
(Clauses 5.7.2.2, 5.7.2.3, 5.7.3.2, 6.4.2 and 6.4.3) 

 
Sl 
No. 

Load Set 1 
Basic  

Combinations 

Set 2 
Accidental 
Combinations 

Set 3 
Extreme 

Combinations 

11 12 13 14 15 16 17 21 22 23 24 31 32 33 34 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

 A. Force Loads 
1 Dead Load (DL) 1.0 1.0 1.0 0.9 1.0 1.0 1.0         

2 Imposed Load (IL) 1.0 0.8 0.5  1.0 1.0 1.0         

3 Wind Load (WL)  0.8 0.2 1.0            

4 Machine Vibration Load 
(MVL) 

     1.0          

5 Earth Pressure Load (EPL) 1.0 1.0 1.0 1.0 1.0 1.0 1.0         

6 Snow Load (SL)       1.0         

7 Liquid Pressure Load 
(LPL) 

               

(a) Static  a    1.0 1.0           

(b) Dynamic  a     1.0           

8 Prestress Load (PL)  
in prestressed 
structures only 

               

(a) Bonded Tendons                

(1) Minimum 1 0.9 0.9 0.9 0.9 0.9 0.9 0.9         

(2) Maximum 1 1.1 1.1 1.1 1.1 1.1 1.1 1.1         

(b) Unbonded Tendons                

(1) Minimum 1 0.95 0.95 0.95 0.95 0.95 0.95 0.95         

(2) Maximum 1 1.05 1.05 1.05 1.05 1.05 1.05 1.05         

9 Blast Load (BL)                

10 Impact Load (ImL)                

11 Construction Load (CNL)                

 B. Deformation Loads 
1 Creep (CL) 1.0  1.0 1.0 1.0 1.0 1.0         

2 Shrinkage (ShL) 1.0  1.0 1.0 1.0 1.0 1.0         

3 
 
Elastic Shortening (ESL)                

(a) Dead Load 1.0 1.0 1.0 1.0 1.0 1.0 1.0         

(b) Live Load 1.0 1.0 1.0 1.0 1.0 1.0 1.0         

(c) Prestress  
     in PSC structures 
only 

1.0 1.0 1.0 1.0 1.0 1.0 1.0         

4 Temperature ï Ambient 
Air (TL) 

1.2 1.2 1.2 1.2  1.2          

5 Temperature ï Fire 
(TFL) 

               

6 Foundation Settlement 
(FL) 

1.0 1.0 1.0 1.0 1.0 1.0 1.0         

7 Earthquake Shaking 
(EL) 
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Table 4 Partial Safety Factors ♬╛ to be applied on Characteristic Loads when 
Designing Members of Concrete Structures to meet the Robustness Criteria 

(Clauses 5.7.2.4, 5.7.3.2, 6.4.2 and 6.4.3) 
 

Sl 
No. 

Load Set 1 
Basic  

Combinations 

Set 2 
Accidental 
Combinations 

Set 3 
Extreme 

Combinations 

11 12 13 14 15 16 17 21 22 23 24 31 32 33 34 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

A. Force Loads 

1 Dead Load (DL)        1.0 1.2 0.9 1.2     

2 Imposed Load (IL)        0.2 1.0 0.5 0.5     

3 Wind Load (WL)                

4 Machine Vibration Load 
(ML) 

               

5 Earth Pressure Load (EPL)        1.0 1.0 1.0 1.0     

6 Snow Load (SL)          0.5      

7 Liquid Pressure Load 
(LPL) 

               

 (a) Static  a        1.0 1.0 1.0 1.0     

 (b) Dynamic  a                

8 Prestress Load (PL)  
in prestressed structures 
only 

               

 (a) Bonded Tendons                

 (1) Minimum 1        1.0 1.0 1.0 1.0     

 (2) Maximum 1        1.0 1.0 1.0 1.0     

 (b) Unbonded Tendons                

 (1) Minimum 1        1.0 1.0 1.0 1.0     

 (2) Maximum 1        1.0 1.0 1.0 1.0     

9 Blast Load (BL)        1.0        

10 Impact Load (IML)         1.0 1.0      

11 Construction Load (CL)                

B. Deformation Loads 

1 Creep (CL)                

2 Shrinkage (ShL)                

3 
 

Elastic Shortening (ESL)                

 (a) Dead Load                

 (b) Live Load                

 (c) Prestress  
     in PSC structures only 

               

4 Temperature ï Ambient Air 
(TL) 

               

5 Temperature ï Fire (TFL)           1.0     

6 Foundation Settlement 
(FL) 

               

7 Earthquake Shaking (EL)                
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Table 5 Partial Safety Factors ♬╛ to be applied on Characteristic Loads When 
Designing Members of Concrete Structures to meet the Integrity and 

Restorability Criteria 
(Clauses 5.7.2.5, 5.7.2.6, 5.7.3.2, 6.4.2 and 6.4.3) 

 
Sl No. Load Set 1 

Basic  
Combinations 

Set 2 
Accidental 
Combinations 

Set 3 
Extreme Combinations 

11 12 13 14 15 16 17 21 22 23 24 31 32 33 34 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11
) 
(12) (13) (14) (15) (16) (17) 

A. Force Loads 

1 Dead Load (DL)            1.2   1.2 

2 Imposed Load (IL)            1.2   1.2 

3 Wind Load (WL)                

4 Machine Vibration 
Load (ML) 

               

5 Earth Pressure 
Load (EPL) 

           1.2   1.2 

6 Snow Load (SL)                

7 Liquid Pressure 
Load (LPL) 

               

 (a) Static  a            1.0   1.0 

 (b) Dynamic  a            1.0   1.0 

8 Prestress Load (PL)  
in prestressed 
structures only 

               

 (a) Bonded 
Tendons 

               

 (1) Minimum 1            1.0   1.0 

 (2) Maximum 1            1.0   1.0 

 (b) Unbonded 
Tendons 

               

 (1) Minimum 1            0.8   0.8 

 (2) Maximum 1            1.2
5 

  1.25 

9 Blast Load (BL)                

10 Impact Load (ImL)                

11 Construction Load 
(CL) 

               

B. Deformation Loads 

1 Creep (CL)                

2 Shrinkage (ShL)                

3 
 
Elastic Shortening 
(ESL) 

               

 (a) Dead Load                

 (b) Live Load                

 (c) Prestress  
     in PSC 
structures only 

               

4 Temperature ï 
Ambient Air (TL) 

               

5 Temperature ï Fire 
(TFL) 

               

6 Foundation 
Settlement (FSL) 

              1.0 
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7 Earthquake 
Shaking (EL) 

           ɱ    

 
7 STRUCTURAL MATERIALS 
 
The minimum requirements given hereunder shall be achieved on site by ingredients, 
grades, testing, physical properties, mix proportions, composition, reinforcing steel 
and prestressing steel so as to meet requirements of design and detailing specified in 
this standard. 
 
Structural materials shall comply with the requirements laid down in this standard and 
in other relevant national standards, so that the required performance of the structure 
is assured as envisaged throughout the design service life of structures built using 
these structural materials. 
 
7.1 Concrete 
 
The ingredients, grades, methods of testing, physical properties and mix proportions 
of concrete shall comply with the requirements given hereunder.  
 
7.1.1 Ingredients of Concrete 
 
The basic ingredients of concrete shall be chosen based on the specifications 
specified hereunder. 
 
7.1.1.1 Aggregates  
 
Structural concrete members shall be constructed using concrete made with normal 
weight aggregates complying with requirements laid in IS 383.  
 
7.1.1.2 Cement 
 
a) For general use in plain, reinforced and prestressed concrete construction, cement 
used shall be any of the following and the type selected should be appropriate for the 
intended use: 
1) Ordinary Portland cement conforming to IS 269. 

2) Portland slag cement conforming to IS 455. 

3) Portland pozzolana cement (fly ash based) conforming to IS 1489 (Part 1). 

4) Portland pozzolana cement (calcined clay based), conforming to                             
IS 1489 (Part 2). 

5) Composite cement conforming to IS 16415.  Composite cement conforming to 
IS 16415 and containing a declared clinker content not less than 45 percent, fly 
ash content not more than 25 percent and a minimum 28-day compressive 
strength of 43 MPa can be used for reinforced concrete construction.   

6) Portland limestone calcined clay cement conforming to IS 18189. 
 
b) Other cements as given below can be used for specific applications [7.1.1.2(c) to 
7.1.1.2(k)]: 

 
1) Sulphate resisting Portland cement conforming to IS 12330,   
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2) Microfine ordinary Portland cement conforming to IS 16993, 

3) Hydrophobic cement conforming to IS 8043, 

4) Low heat Portland cement conforming to IS 12600, 

5) Rapid-hardening Portland cement conforming to IS 8041, 

6) High alumina cement conforming to IS 6452, 

7) Supersulphated cement conforming to IS 6909, and 

8) White Cement conforming to IS 8042.  

 
The attention of the users of cement is drawn to the fact that quality of various cements 
mentioned in 7.1.1.2 is to be determined on the basis of its conformity to the 
performance characteristics given in the respective Indian Standard Specification for 
that cement.  Any trade-mark or any trade name indicating any special features not 
covered in the standard or any qualification or other special performance 
characteristics sometimes claimed/ indicated on the bags or containers or in 
advertisements alongside the óStatutory Quality Markingô or otherwise have no relation 
whatsoever with the characteristics guaranteed by the Quality Marking as relevant to 
that cement.  Consumers are, therefore, advised to go by the characteristics as given 
in the corresponding Indian Standard Specification or seek specialist advise to avoid 
any problem in concrete making and construction. 
 
c) Sulphate resisting Portland cement is a type of Portland Cement in which the 
amount of tri-calcium aluminate (C3A) is restricted to lower than 5 percent and (C3A 
+C4AF) lower than 25 percent.  

 
d) Composite cement conforming to IS 16415 is a mixture of Portland cement clinker 

(IS 16353), fly ash [IS 3812 (Part 1)], ground granulated slag (IS 16714) and 
gypsum.  

 
e) Low heat Portland cement conforming to IS 12600 shall be used with adequate 
precautions with regard to removal of formwork, etc.  

 
f) High alumina cement conforming to IS 6452 is suitable for use only under special 
circumstances with the prior approval of the engineer-in-charge.  Specialist 
literature may be consulted for guidance regarding the use of these types of 
cements.  But in some cold regions, this cement may find use as a structural 
material taking advantage of high heat of hydration and high early strength 
development.   

 
g) Supersulphated cement is used where concrete is likely to be attacked by sulphate. 
It is a product of granulated blast furnace slag, calcium sulphate and a small 
quantity of Portland cement or Portland cement clinker or any other suitable source 
of lime. This cement has chemical resistance to most of the aggressive conditions 
generally encountered in construction and to the attack of sulphates in particular.  It 
is used generally for marine works, mass concrete jobs to resist the attack by 
aggressive waters, reinforced concrete pipes in ground waters, concrete 
construction in sulphate-bearing soils, in chemical works involving exposure to high 
concentration of sulphates of weak solutions of mineral acids, underside of bridges, 
over railways (steam driven locos) and for concrete sewers carrying industrial 
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effluents. Its use is not recommended by IS 6909, when the prevailing temperature 
is above 40ÁC.  It should not be used for steam cured concrete products. 

 
h) Microfine ordinary Portland cement conforming to IS 16993 is suitable for special 
applications like rock grouting, grouting concrete structures and underground 
construction for leak prevention, soil stabilization, etc. 

 
j) Hydrophobic Portland cement is manufactured on special requirement for high 
rainfall areas to improve the shelf life of the cement.  

 
k) Rapid hardening Portland cement (RHPC) has similar properties to that of ordinary 
Portland cement except that RHPC is more finely ground with slightly altered 
chemical composition.  

 
7.1.1.3 Water 
 
Water used for mixing and curing shall be clean and free from excessive amounts of 
total dissolved solids (TDS), oils, acids, alkalis, salts, sugar, organic materials or other 
substances that may be deleterious to steel and setting and strength development of 
concrete.  
 
a)  Types of water 

 
In general, the suitability of water for the production of concrete depends upon 
its origin.  Water to be used for mixing and curing of concrete shall be any of 
the types described below.  Any type of water to be used for mixing and curing 
shall be tested as per stated procedures and shall meet all the requirements 
given in 7.1.1.3(b).  

 
1) Potable water 

 
This water is considered as suitable for use in concrete if meeting the 
requirements of IS 10500 wherein the chloride content shall be limited to 500 
PPM and alkalinity is less than or equal to 25 ml [7.1.1.3(b)].  Such water 
needs no further testing.  In case of any doubt, it shall be tested for conformity 
according to 7.1.1.3(b). 
 

2) Natural surface water 
 
This water, if found suitable, can be used in concrete but shall satisfy the 
requirements of 7.1.1.3(b).  

 
3) Treated water  

 
Appropriately treated water from industrial, municipal and other sources can 
be used in concrete. 
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4)  Water recovered from processes in the concrete industry  
 
This includes water that was part of surplus concrete, or water used to clean 
the inside of the stationery mixers, mixing drums of truck mixer or agitators 
and concrete pumps, or process water from sawing, grinding and water 
blasting of hardened concrete.  This water may be obtained from basins 
provided with suitable equipment that distributes the solid matter evenly 
throughout the water or sedimentation basins or similar installations, 
provided the water is left in the basin for a sufficient amount of time to allow 
the solids to settle properly. 
 
Water recovered from process in the concrete industry contains varying 
concentrations of very fine particles, the size of which is generally less than 
0.25 mm. Water recovered from processes in the concrete industry or 
combined water can be used provided the following requirements are met: 

 
i) The additional mass of solid material in the concrete resulting from 
the use of water recovered from processes in the concrete industry 
shall be less than 1 percent mass fraction of the total mass of 
aggregates present in the concrete. 

ii) The amount of recovered water shall be spread as evenly as possible 
over a day's production. 

 
5)  Water from underground sources and Recycled water  

 
i) Recycled water  

 
Water recovered from concrete production operation or water generated 
from sewage, greywater or storm water systems and treated to a standard 
that is appropriate for its intended use.  

 
ii) Desalinated water  

 
Desalinated water conforming to 7.1.1.3(b) can be used.  However sea 
water or brackish water shall not be used for mixing and curing of concrete 
due to presence of harmful salts. 

 
b)  Testing and requirements of water  
 

1) Preliminary testing and Inspection 
 

The water shall be examined for oil and fats, detergents, colour, suspended 
matter, odour and humic matter shall meet the requirements given in Table 
6 in accordance with test procedures stated below. 

 
A small subsample shall be assessed as soon as possible after sampling. 
Bring any material that has settled back into suspension by shaking the 
sample. Pour 80 ml of the sample into a 100 ml measuring cylinder.  Seal 
with a suitable stopper and shake the cylinder vigorously for 30 sec. Smell 
the sample for any odours other than those of clean water.  If in doubt about 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

55 

the odour, test the water for its odour level in accordance with national 
regulations for potable water. The odour level of the water shall be lower than 
the maximum level accepted for potable water.  Observe the surface for 
foam. Set the cylinder in a place free from vibration and allow to stand for 30 
minutes. After 2 minutes, check the sample for the continuing presence of 
foam and signs of any oils or fats.  After 30 minutes have elapsed, observe 
the apparent volume of the settled solids and the colour of the water. 
Measure the pH using indicator paper or a pH meter.  Then, add 0.5 ml 
hydrochloric acid, mix and then smell or test for the presence of hydrogen 
sulphide. 

 
Put 5 ml of the sample into a test tube. Bring it to a temperature between 15 
ÁC and 25ÁC by allowing it to stand indoors.  Add 5 ml of 3 % sodium 
hydroxide solution, shake and leave for 1 hour, then observe the colour. 

 
Table 6 Requirements for Preliminary Inspection of Mixing and Curing Water 

[Clause 7.1.1.3(b)(1)] 
 

Sl 

No. 
Parameter Requirements 

(1) (2) (3) 
i) Oils and 

fats 
Not more than visible traces 

ii) Detergents Any foam should disappear within 2 minutes. 
iii) Colour Water not from sources classified as potable:  

the colour shall be assessed qualitatively as pale yellow or pale 
iv) Odour Water from sources classified as potable:  

no smell, except the odour allowed for potable water and a slight smell 
of cement; where blast-furnace slag is present in the water, a slight 
smell of hydrogen sulphide 
Water from other sources: no smell, except the odour allowed for 
potable water; no smell of hydrogen sulphide after addition of 
Hydrochloric Acid 

v) pH value  Not less than 6 

vi) Humic 
Matter 

The colour shall be assessed qualitatively as yellowish / brown or paler 
after addition of NaOH 

 
2) Permissible limits for solids shall be as given in Table 7. 

 
Table 7 Maximum Permissible Limit for Solids for Mixing and Curing Water 

[Clauses 7.1.1.3(b)(2) and 7.1.1.3(c)] 
 

Sl 

No. 
Parameter Tested as 

per 
Maximum Permissible Limit 

 For mixing water For curing water 
(1) (2) (3) (4) (5) 
i) Organic IS 3025 (Part 

18) 

200 mg/l 200 mg/l 

ii) Inorganic IS 3025 (Part 
18) 

3000 mg/l 3000 mg/l 
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iii) Sulphate 
 (as SO3

-) 
IS 3025 (Part 
24/Sec 1) 
and IS 3025 
(Part 24/Sec 

2) 

400 mg/l 800 mg/l 

iv) Chloride 
 ( as Cl-) 

IS 3025 (Part 
32) 

2000 mg/l for concrete 
not containing 
embedded steel and 
500 mg/l for reinforced 
concrete work*.  

500* mg/l for reinforced 
concrete or prestressed 
concrete work and 2000 
mg/l for concrete not 
containing embedded steel. 

v) Suspended 
Matter 

IS 3025 (Part 
17) 

2000 mg/l 2000 mg/l 

NOTE · 1000 mg/l chloride in water for reinforced concrete work (but not for prestressed concrete) 
can be permitted provided the chloride content of hardened concrete is checked at the time of concrete 
mix design and conform to requirement of total chloride content in the concrete as given in Table 71. 

 

 
3) The pH value of water shall be not less than 6. 

 
4) Higher alkalinity or acidity can affect strength and setting of concrete.  The 

following concentrations give the maximum permissible values: 
 

i) To neutralize 100 ml sample of water, using mixed indicator, it should not 
require more than 25 ml of 0.02 normal H2SO4. The details of test shall be 
as given in IS 3025 (Part 23). 

ii) To neutralize 100 ml sample of water, using phenolphthalein as an 
indicator, it should not require more than 5 ml of 0.02 normal NaOH.  The 
details of test are given in IS 3025 (Part 22). 

  
However, in case of doubt regarding development of strength and setting of 
concrete due to alkalinity/acidity or higher organic matter, the suitability of water 
for making concrete shall be ascertained by the compressive strength and initial 
setting time tests specified below: 

 
i) Average 28 days compressive strength of at least three 150 mm concrete 
cubes prepared with water proposed to be used shall not be less than 90 
percent of the average of strength of three similar concrete cubes 
prepared with distilled water. The cubes shall be prepared, cured and 
tested in accordance with the requirements of IS 516. 

 
ii) The initial setting time of test block made with the appropriate cement and 
the water proposed to be used shall not be less than 30 min and shall not 
differ by Ñ 30 min from the initial setting time of control test block prepared 
with the same cement and distilled water. The test blocks shall be 
prepared and tested in accordance with the requirements of IS 4031 (Part 
5). 

 
In addition to the requirement for the alkalinity/acidity or higher organic matter 
tests mentioned above, the same water with higher alkalinity /acidity or higher 
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organic matter shall be used for concrete mix design in the laboratory for 
adoption at construction site. 

 
5) A suitable means of ensuring uniform distribution of the solid material in 

recovered water with a density greater than 1.01 kg/l shall be provided.  
Water with a density less than or equal to 1.01 kg/l may be assumed to 
contain negligible amounts of solid material. 

 
6) If it is expected to use potential alkali aggregate reactive aggregates in 

concrete by adopting appropriate measures and exposure conditions can 
promote deleterious reaction, the water shall be tested for its alkali content.  
The equivalent sodium oxide content shall not exceed 1500 mg/l. If these 
limits are exceeded, the water may be used only if it can be shown that 
actions have been taken to prevent deleterious alkali-silica reactions. 
 

c)  Testing and requirements of curing water 
 
Permissible limits for solids shall be as given in Table 7.  Water used for curing 
should not produce any objectionable stain or unsightly deposition on the concrete 
surface. The presence of tannic acid or iron compounds is objectionable. 

 
d)  Sampling of water for concrete making and curing 
 
A sample of water not less than 5 litres shall be taken.  The sample of water taken 
for testing shall represent the water proposed to be used for concreting with due 
account being paid to seasonal variation.  The sample shall be stored in a clean 
container previously rinsed out with similar water. 

 
7.1.1.4 Admixtures 
 
Admixtures can be used to alter the composition of concrete by replacing some of the 
cement in the concrete by pozzolanic and hydraulic reaction (and are called mineral 
admixtures or supplementary cementitious materials) and to enhance a certain 
function of concrete (and are called chemical admixtures).  The following types of 
admixtures can be used in production of concrete. 
 
a)   Mineral admixtures/Supplementary cementitious materials (SCMs) 

 
1) SCMs as given below may be used as part replacement of cement.  They 
can be pozzolanic material or reactive mineral admixture or combination of 
both. 

 
i)  Fly ash (pulverized fuel ash) 

 
Fly ash conforming to IS 3812 (Part 1) may be used as part replacement 
of ordinary Portland cement.  For concrete having steel, the replacement 
level of fly ash shall be restricted to 35 percent by weight of cementitious 
material wherein fly ash shall have a minimum fineness of 280 m2/kg and 
lime reactivity of 4.5 N/mm2 or more.  However, fly ash more than 35 
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percent may be used in concretes of grade M 40 and higher having w/c 
ratio Ò 0.4 subject to meeting durability requirements given in 9.5. 

 
ii) Silica fume 

 
Silica fume conforming to IS 15388 may be used as part replacement of 
cement.  It is usually used in proportion of 3 to 10 percent of the 
cementitious content of a mix.  

 
iii) Metakaolin 

 
Metakaolin conforming to IS 16354 may be used as pozzolanic material 
in concrete as part replacement of ordinary Portland cement only.  The 
replacement level shall be up to 15 percent (maximum).  

 
iv) Ground Granulated Blast Furnace Slag (GGBS) 

 
GGBS conforming to IS 16714 may be used as part replacement of 
ordinary Portland cement.  For concrete having embedded steel, the 
replacement level of GGBS shall be restricted to 50 percent by weight of 
cementitious materials.  For resistance to sulphate and alkali aggregate 
reaction (see 9.5.7), GGBS up to 60 percent can be used.  In such cases, 
w/c ratio should be further reduced by 0.05 than that required for 
durability considerations.  

 
v) Ultrafine Ground Granulated Blast Furnace Slag (UFGBS) 

 
UFGBS conforming to IS 16715 may be used as part replacement of 
cement.  The replacement level shall be up to 20 percent.  

 
vi) Ultrafine Fly ash 

 
Ultrafine fly ash produced through classification route and conforming to     
IS 19058 may be used as part replacement of ordinary Portland cement.  
The replacement level shall be up to 20 percent. 

 
2)  In general, more than one type of mineral admixtures will not be used in same 
batch of concrete at site.  However, wherever felt necessary like for mass 
concrete, structures below ground (not exposed to atmosphere), higher grades 
of concrete and for plain concrete, the use of more than one type of mineral 
admixture that is fly ash and silica fume with ordinary Portland cement can be 
permitted subject to limits mentioned below.  However, silica fume may be used 
as an additional mineral admixture in reinforced concrete subjected to limits 
specified above.  Uniform blending of the mineral admixtures with the cement 
should be ensured.  In such cases, fly ash and GGBS together may be used 
within following limits: 
 

Total replacement 
(Max)  

= 45 percent of total cementitious 
content  

Fly ash (Max)  = 20 percent 
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GGBS (Max)  = 25 percent 

 
3) Combination of ultrafine materials with fly ash and GGBS 

 
Concrete mix designs for high performance requirements often necessitate the 
use of a mineral admixture such as fly ash or GGBS in combination with an 
ultrafine admixture such as silica fume, metakaolin, ultrafine fly ash or ultrafine 
slag.  In such cases, the recommendations given below should be followed. 

 

Mineral 
admixture 

Ultrafine 
material 

Maximum 
combined 
replacement 
level (in 
percent) 

Suggested 
maximum level 
of ultrafine 
additive (in 
percent) 

(1) (2) (3) (4) 

Fly ash Silica fume 35 10 

Ultrafine fly 
ash 

35 20 

Ultrafine 
GGBS 

35 20 

GGBS (max 
50 percent) 

Silica fume 60 10 

Ultrafine 
GGBS 

60 20 

 
These limits shall also apply where PPC or PSC is used.  The fly ash or slag 
content mentioned on the bag shall be considered.  The combined limit of 35 
percent (for fly ash and silica fume) will not be applicable to concretes of grade 
M40 and higher having w/c ratio Ò 0.4. 

 
b)  Chemical admixtures  
 

1) Chemical admixtures, as mentioned in Table 8 if used, shall comply with         
IS 9103.  Previous experience with and data on such materials should be 
considered in relation to the likely standards of supervision and workmanship 
to the work being specified. 

 
2) Chemical admixtures can be achieved by a spectrum of materials and 
manufacturing processes, but shall comply with IS 9103.  Further, 

 
i)    The workability, compressive strength and the slump loss of concrete 
with and without the use of admixtures shall be established during the 
trial mixes before use of admixtures. 

ii) The relative density of liquid admixtures shall be checked for each 
drum containing admixtures and compared with the specified value 
before acceptance. 

iii) If two or more admixtures are used simultaneously in the same 
concrete mix, data shall be obtained to assess their interaction and to 
ensure their compatibility. 
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iv) Admixtures shall neither impair durability of concrete nor combine with 
the constituent to form harmful compounds nor increase the risk of 
corrosion of reinforcement. 

v) The chloride content of admixtures shall be independently tested for 
each batch before acceptance. 

vi) Compatibility of chemical admixture with cementitious system to be 
used at site shall be ensured. 

 
3) The amount of admixture added to a mix shall be recorded in the production 
record.  Additional dose of admixture may be added at project site (with 
advance information to purchaser/user) and mixed adequately in mixer itself 
to regain the workability of concrete (if necessary) with mutual agreement 
between the producer/supplier and the purchaser/user of concrete.  But the 
producer/supplier shall assure the ultimate quality of concrete supplied by 
him and maintain record of quantity and time of addition.  A record to be kept 
by supplier/producer of each re-dosing and shared with purchaser/user. If 
chemical admixture type or brand is changed, the properties will be re-
evaluated. 

 
4) Shrinkage compensating admixtures shall not be used in structural concrete.  

 
Table 8 Types of Chemical Admixtures and Their Constituents 

[Clause 7.1.1.4(b)(1)] 
 

Sl 
No. 

Type of admixture Typical active constituents 

(1) (2) (3) 

i) Air-entraining  Salts of wood resins  
Some synthetic detergents  
Salts of sulfonated lignin  
Salts of petroleum acids  
Salts of proteinaceous material  
Fatty and resinous acids and their salts  
Tall oils and gum rosin salts  
Alkylbenzene sulfonates  
Salts of sulfonated hydrocarbons 

ii)  Retarding Unrefined Lignosulphonate containing Sugars 
Modified Derivatives of unrefined 
Lignosulphonate 
containing Sugars  
Hydroxycarboxylic Acids and their Salts 
Carbohydrates including Sugars 
Heptonates related to Sugars and Starches 

iii) 
 

Accelerating Triethanolamine 
Sodium thiocyanate 
Sodium formate or Calcium formate 
Sodium nitrite or Calcium nitrite 
Calcium nitrate 
Aluminates 
Silicates 
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iv) Water-reducing Lignosulfonic acids and their salts 
Hydroxylated carboxylic acids and their salts 
Polysaccharides 
Melamine polycondensation products 
Naphthalene polycondensation products 
Polycarboxylates 

v) High range water-
reducing  
: Normal and Retarding  

Melamine sulfonate polycondensation products 
Naphthalene sulfonate polycondensation 
products 
Polycarboxylates 

vi) Shrinkage reducing Polyoxyalkylene alkyl ether 
Propylene glycol 
 

vii) Corrosion inhibiting  
 

Amine carboxylates aminoester organic 
emulsion 
Calcium nitrite 
Organic alkyidicarboxylic 
Chromates 
Phosphates 
Hypophosphites 
Alkalis 
Fluorides 

viii) Permeability-reducing admixture 

a) Non-hydrostatic 
conditions (PRAN) 

Long-chain fatty acid derivatives (stearic, oleic, 
caprylic capric) 
Soaps and oils (tallows, soya-based) 
Petroleum derivatives (mineral oil, paraffin,) 
Fine particle fillers (silicates, talc) 

b) Hydrostatic conditions 
(PRAH) 

Crystalline hydrophilic polymers (latex, water-
soluble, or liquid polymer). 

 
7.1.1.5 Fibres 
 
Fibres may be added to concrete for special applications to enhance select properties. 
But, such fibres shall be approved by the competent authority on the recommendation 
of a duly constituted competent peer review committee.  Strength and elastic modulus 
reduction need to be determined before use. 
 
In any case, the presence of fibres shall not be taken advantage of in the estimation 
of strength to meet the requirements of limit state of strength specified in 9.3. 
 
7.1.2 Grades of concrete 
 
7.1.2.1 The provisions of this standard shall be admissible to the grades of concrete 
listed in Table 9.  
 
7.1.2.2 Concrete of grades lower than those given in Table 9 shall be used only as 
lean concrete which can be used as levelling course, foundation for masonry boundary 
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walls and other small temporary RC construction of single storey, provided the 
strength of such concrete is sufficient to resist the loads appearing on the concrete. 
 
7.1.2.3 For concrete using mineral admixtures and those using high early strength 
cements, the properties of setting time and time dependent strength gain are different 
from those of normal grade and low grade concretes.  Cognizance of such modified 
properties shall be taken in deciding de-shuttering time, curing period and early age 
loading.  
 
7.1.2.4 The grade of concrete to be adopted will be governed by durability and strength 
requirements.  However, the minimum grade of plain concrete (PC), reinforced 
concrete (RC) and prestressed concrete (PSC) shall be as given below: 
 

Sl No. Type of Concrete Minimum Grade of Concrete to 
be used 

(1) (2) (3) 

i) Plain concrete M15 

ii) Reinforced cement concrete M25 

iii) Prestressed concrete 

a) Post-tensioning M35 

b) Pre-tensioning M40 

 
7.1.3 Concrete Mix Proportioning 
 
7.1.3.1 Mix proportion 
 
a) The mix proportions shall be selected to ensure required workability of the fresh 
concrete; strength, durability and surface finish of hardened concrete, or any 
other specific requirement. 

 
b) The determination of the proportions of ingredients of concrete to attain the 
properties of concrete as mentioned above shall be made by designing the 
concrete mix such concrete shall be called óDesign mix concreteô, or adopting 
predetermined concrete mix; such concrete shall be called óNominal mix 
concreteô. 

 
c) Design mix concrete shall be preferred to nominal mix. When the former cannot 
be used for any reason in projects with grades of M20 or lower; the latter may 
be used with the permission of engineer-in-charge. 
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Table 9 Grades of Concrete 
(Clauses 7.1.2 and 7.1.3.2) 

 

Sl No. Group Grade 
Designation 

Specified Characteristic 

Compressive StrengthΟbased 
on strengths of 150mm cubes 

at 28 days (in MPa) 

(1) (2) (3) (4) 

i) Low grade 
concrete 

M15 15 

ii) M20 20 

iii) 

Normal grade 
concrete  

M25 25 

iv) M30 30 

v) M35 35 

vi) M40 40 

vii) M45 45 

viii) M50 50 

ix) M55 55 

x) M60 60 

xi) 
High-strength 
grade concrete  

M65 65 

xii) M70 70 

xiii) M80 80 
 
NOTE- Low grade concrete shall not be used in RCC works. 

 
 

d) Information required for concrete mix design 
 

In specifying a particular grade of concrete for concrete mix design, the 
following information shall be included:  

 
1) Grade designation; 
2) Type and grade of cement; 
3) Minimum and maximum cement content; 
4) Type of fine aggregate (whether natural sand, crushed stone, gravel sand, 

mixed sand or manufactured); 
5) Maximum nominal size of aggregate; 
6) Type of coarse aggregate (whether angular, sub-angular or gravel with some 

crushed particles, rounded gravel or manufactured); 
7) Maximum water-binder ratio; 
8) Exposure conditions as per 9.5.3; 
9) Type, extent and condition of use of mineral or chemical admixture, (if to be 

added); 
10)  Method of placing; 
11)  Workability requirement at the time of placement; 
12)  Level of quality assurance (such as normal, medium or high as per 11); 
13)  Transportation time; 
14)  Design service life; 
15)  Durability test requirements as applicable as per specification, if any; and 
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16)  Any other specific requirement like early or later age strength requirements, 
maximum temperature rise control requirement, placement temperature 
requirement if any (for mass concrete / extreme weather conditions) etc. 

 
7.1.3.2 Design mix concrete 
 
The design mix concrete up to M 80 shall meet the requirements given hereunder. 
 
a) The constructor shall carry out the mix design and the mix so designed (not the 
method of design) shall be approved by the engineer-in-charge, within the 
limitations of parameters and other stipulations laid down by this standard.  If 
sought by the engineer-in-charge, supporting data (including graphs showing 
strength versus water-cement ratio for range of proportions, complete trial mix 
proportioning details) shall be provided to substantiate the choice of cement 
content, fine and coarse aggregate content, water, mineral admixtures, 
chemical admixtures, etc. 

 
b) The mix shall be designed to produce the densest possible concrete, following 
the approved procedures of mix designs and trials. 

  
c) The grade of concrete shall have the required workability, durability 
characteristics and characteristic strength not less than the values given in 
Table 9.  

 
d) The target mean compressive strength of concrete mix Ὢ shall be estimated 
as: 

                 
Ὢ ὓὥὼὪ ρȢφυ„ȠὪ ὢ 

where 
 

Ὢ  = Characteristic compressive strength (in MPa) at 28 days 
(specified strength); 

„ = Standard deviation as per Table 10; and 

ὢ = factor based on grade of concrete as per Table 10 

 
e) Mix design done may be considered adequate for works undertaken within an 
year, provided there is no change in source and the quality of the materials. 

 
f) Standard deviation 

 
    The standard deviation for each grade of concrete shall be calculated, 
separately. 

 
1) Standard deviation based on test strength of sample 

 
i) Number of test results of samples ð Total number of test strength of 
samples required to constitute an acceptable record for calculation of 
standard deviation shall be not less than 30. Attempts should be made to 
obtain the 30 samples, as early as possible, when a mix is used for the 
first time.  
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ii) In case of significant changes in concrete ð When significant changes 
are made in the production of concrete batches (for example changes in 
the materials used, mix design, equipment or technical control), the 
standard deviation value shall be separately calculated for such batches 
of concrete.  
 

iii) Standard deviation to be brought up to date ð Calculation of standard 
deviation shall be brought up to date after every change of mix design. 
The standard deviation shall be checked every month, subject to 
availability of a minimum 30 test results to ensure that it is less than the 
value considered in mix design.  If is found to be higher, necessary 
modification shall be done in the mix. 

 
2) Assumed standard deviation 

 
Where sufficient test results for a particular grade of concrete are not 
available, the value of standard deviation given in Table 10 may be assumed 
for the proportioning of mix in the first instance.  As soon as the results of 
samples are available, actual calculated standard deviation (from at least 30 
samples) shall be used and the mix proportioned suitably.  However, when 
adequate past records for a similar grade exist and justify to the designer a 
value of standard deviation different from that shown in Table 10, it shall be 
permissible to use that value.  If recycled aggregates are used as part 
replacement of aggregates, the standard deviation values given in Table 10 
shall be increased by 1.0. 

 
Table 10 Assumed Standard Deviation 

[Clauses 7.1.3.2(c), 7.1.3.2(d) and 7.1.3.2(f)(2)] 
 

Sl No. Grade of Concrete Assumed Standard Deviation 
(in MPa) 

X 
(in MPa) 

(1) (2) (3) (4) 

i) M10, M15 3.5 5.0 

ii) M20, M25 4.0 5.5 

iii) M30 to M60 5.0 6.5 

iv) M65 to M80 6.0 8.0 

 
7.1.3.3 Nominal mix concrete 
 
In general, nominal mix concrete shall be avoided.  When constrained to use it, the 
use of nominal mix concrete shall be restricted to works of minor nature in which the 
strength of concrete is not critical.  Nominal mix concrete shall be permitted only for 
making concretes of grades M20 or lower.  M20 concrete shall be used for RCC only 
if considered acceptable from the point of view of durability.  
 
The mix proportions of materials for nominal mix concrete shall be as specified in         
Table 11.  The nominal mix specified therein shall be measured by weight and shall 
not be measured by volume. Also, 
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a) Cement content of the mix specified in Table 11 for any nominal mix shall be 
proportionately increased in case quantity of water in a mix has to be increased 
to overcome difficulties of placement and compaction, so that the water content 
as specified is not exceeded.  

b) Quantity of water required from durability point of view may be less than those 
given in Table 11.  Suitable dose of water reducing admixture/ superplasticizers 
may be used to achieve required workability without increasing water content 
as given in Table 11.  But, in no case, water content shall exceed the values 
given in Table 11. 

c) The proportion of the fine aggregates to coarse aggregates shall be adjusted 
to from upper limit to lower limit progressively as the grading of fine aggregates 
becomes finer and the maximum size of coarse aggregate becomes larger. 
Graded coarse aggregate shall be used. 

 
Table 11 Proportions for Nominal Mix Concrete 

(Clause 7.1.3.3) 
 

Sl No. Grade of 
Concrete 

Maximum Quantity of 
Dry Aggregates by 
Mass per 50 kg of 

Cement 
(taken as sum of 
Individual Masses of 
Fine and Coarse 
Aggregates) 
(in kg) 

Proportion of 
Fine Aggregates to 
Coarse Aggregates 

(by Mass) 

Maximum 
Quantity 
of Water 
per 50 kg 
of 

Cement 
(in liters) 

(1) (2) (3) (4) (5) 

i) M 5 800 Generally, 1:2, 
but subject to  

upper and lower limits of 
1:1İ and 1:2İ 

60 

ii) M 7.5  625 45 

iii) M 10 480 34 

iv) M 15 330 32 

v) M 20 250 30 

 
7.1.4 Physical Properties 
 
The salient physical properties of concrete shall be taken as specified hereunder.  

 
7.1.4.1 Modulus of elasticity 
 
The short-term static characteristic value of modulus of elasticity Ὁ  of concrete (to 
be used in the analysis and design of concrete structures) shall be taken as:  
 

Ὁ ρππππὪȢȟ 
 
a) The above equation is valid for concretes made with quartzite and granite 
aggregates only.  For limestone and sandstone aggregates, the value should 
be reduced by 10 percent and 30 percent respectively.  For basalt aggregates, 
the value should be increased by 20 percent. 

 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

67 

b) Partial safety factor (‎) for material shall not be applied to Ὁ  given above. 
 
7.1.4.2 Poissonôs ratio 
 
The Poissonôs ratio of uncracked concrete with different aggregates shall be taken as 
below:  
 
 

Type of Aggregate used in 
concrete 

Poissonôs 
Ratio  

(1) (2) 

Quartzite and Granite 0.12 
Limestone 0.15 
Basalt 0.18 
Sandstone 0.20 

 
7.1.4.3 Coefficient of thermal expansion 
 
The coefficient of thermal expansion of concrete with different aggregates shall be 
taken as below:  
 

Type of 
Aggregate used 
in concrete 

Coefficient of Thermal Expansion of Concrete 
(Ĭ 10-5 / ÜC) 

(1) (2) 

Quartzite  1.30 
Sandstone 1.20 
Basalt 0.95 
Granite  0.95 
Limestone  0.95 

 
7.1.4.4 Creep coefficient  
 
The creep co-efficient ‰ȟ ὸ shall be defined as: 

•ȟ ὸ , where 

 
‐ ὸ  =  Creep strain at time t>t0 (it does not include the instantaneous elastic 
strain in concrete at the time of loading); 
‐ ὸ  =  Initial elastic strain at loading; and 

0t   =  Age of concrete at the time of loading. 
 
The coefficient given above shall not be applicable to light weight concretes.  The 
above estimates of •ȟ ὸ shall be considered for normal weight concretes of grades 

M20 to M80, if the compressive stress does not exceed πȢσφὪ at the age of loading.  
The creep coefficient shall be determined depending on the level of creep expected in 
structures.  For this purpose, structures shall be classified into three levels of creep as 
given below: 
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a) Level 1 
 

The following members and structures are placed under this level: 
 

1) Reinforced concrete beams, frames and slabs with spans up to 20 m, 
and cantilever beams  more than 2.5 m span; 

2) Plain concrete footings with a reasonably uniform distribution of loads at 
their base; 

3) Reinforced concrete retaining walls with heights up to 30 m; and 
4) All structures having design service life up to 75 years or made using 
concrete of grades between M20 and M60 or having overall height less 
than 30 m. 

  
b) Level 2 

 
The following members and structures are placed under this level: 

 
1) Prestressed beams or slabs of spans up to 20 m, and cantilever beams 
up to 2.5 m span; 

2) Buildings of heights up to 100 m; 
3) Box-girder, cable-stayed or arch bridges with spans up to 80 m;  
4) Ordinary tanks, silos and pavements, and 
5) All structures having design life up to 75 years.  

 
c) Level 3 

 
The following members and structures are placed under this level: 
 
1) Prestressed box girder, cable-stayed or arch bridges with span more 
than 80 m; 

2) Buildings of heights more than 100 m; 
3) Gravity, arch or buttress dams; cooling towers; large roof shells; nuclear 
containments and vessels; and large offshore structures; and 

4) All structures having design service life more than 75 years  
  
7.1.4.4.1 Levels of creep 
 
‰ȟ ὸ shall be estimated as given below for different levels of creep.  When self-

compacting concrete is used, ‰ȟ ὸ shall be increased by 10 percent for all levels of 

creep.  
 
a) Level 1 

 
For structures sustaining level 1 creep, ‰ȟ ὸ shall be taken as given below: 

 

Age at the time of loading (0t ђ Creep Coefficient [()t
0t,tj і 

7 days 2.8 

28 days 2.1 

365 days 1.3 
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b) Level 2 
 

1) For structures sustaining level 2 creep, ‰ȟ ὸ shall be taken as per Table 

12.  The values specified in Table 12 are for exposure categories C2, C3 
and C4 as defined in 9.5.3.  For exposure category C1, values given in Table 
13 shall be multiplied by 1.2.  Values in Table 12 correspond to 60 percent 
relative humidity and for 75 years design life. 

 
Table 12  Creep Coefficient ◄ꜚȟ◄ ◄ Considering Size of Member and Grade of 

Concrete 
[Clause 7.1.4.4.1(b)] 

  

Grade of 
concrete 

Age at the time of loading ◄ 
(in days) 

Creep Coefficient ◄ꜚȟ◄ ◄ 

for different sizes of members 

100 mm ï 
300 mm 

300 mm -
600 mm 

>600 
mm 

(1) (2) (3) (4) (5) 

M25 to 
M45 

1  4.61 3.96 3.65 

7  3.22 2.76 2.55 

28  2.48 2.13 1.96 

90  1.98 1.70 1.57 

365  1.51 1.30 1.20 

M50 to 
M65 

1  3.28 2.86 2.66 

7  2.29 2.00 1.86 

28  1.76 1.54 1.43 

90  1.41 1.23 1.14 

365  1.07 0.94 0.87 

M70 and 
higher 

1  2.46 2.18 2.05 

7  1.72 1.52 1.43 

28  1.32 1.17 1.10 

90  1.06 0.94 0.88 

365  0.80 0.71 0.67 

 
2) Where end results are not sensitive to precise values of creep coefficients, 
the values given in Table 12 may be considered for design of structures with 
normal weight concrete provided that compressive stress does not exceed 
0.36fck at the age of loading and mean temperature of concrete lie between 
10ÁC and 20ÁC with seasonal variation between ï20ÁC to 40ÁC.  For 
temperature greater than 40ÁC, the creep coefficients given in Table 12 may 
be increased by 10 percent, in the absence of accurate data. 

 
c) Level 3 

 
For structures sustaining level 3 creep, ‰ȟ ὸ shall be estimated as: 

 ‰ȟ ὸ ‰‍ ὸ, 

where 

0j  =  Notional creep coefficient to which the creep co-efficient reaches 

logarithmically in 75 years, and 
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()t
0t
b  =  Coefficient describing development of creep with time 
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in which  
t  = Age of concrete (in days) at the time when creep is being estimated, 

and 

0t  = Age of concrete (in days) at the time of loading. 

 
The notional creep coefficient 0j shall be estimated as: 

 ( )()0cmRH0 tf bbjj= , 

where 

RHj  = factor account for effect of relative humidity on notional creep 

coefficient 
 

 = 
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( )cmfb  = Factor accounting for effect of concrete strength on 0j  

 = 
8f

8.16

ck+
, and 

()0tb  = Factor accounting for effect of age of concrete at loading on 0j  

 = 
2.0

0t1.0

1

+
, and 

in which  

RH  = Relative Humidity of the ambient environment (in percent), 

0h  = Notional size (in mm) of the member = uA2 c , 

1a  = 

7.0

ck 8f

45
ö
ö
÷

õ
æ
æ
ç

å

+
, and 

2a  = 

2.0

ck 8f

45
ö
ö
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õ

æ
æ

ç

å

+
, 

wherein 

cA  = Cross-sectional area of the member, and 

u  = Perimeter of the member in contact with the atmosphere. 
 

7.1.4.5 Shrinkage strain 

The total shrinkage of concrete depends upon the constituents of concrete, size of the 
member and environmental conditions.  
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a) The total shrinkage strain is composed of two components, the autogenous 
shrinkage strain and the drying shrinkage strain.  The value of the total 

shrinkage strain ‭ is given by: 
  

‭ ‭ ‭  

where, 

‭ШШӀШtotal shrinkage strain 

‭ ШӀШdrying shrinkage strain 

‭ ШӀШautogenous shrinkage strain 

b) The autogenous shrinkage strain develops during hardening of concrete; the 
major part develops in the early days after casting.  Autogenous shrinkage is a 
function of concrete strength.  It increases with higher strength, or lower water 
to cementitious materials ratio.   It should be considered specifically when new 
concrete is cast against hardened concrete.  The development of autogenous 
shrinkage with time may be taken as: 

 

ЮЮЮЮЮЮЮЮЮЮЮЮЮ() ()caca . ebe tt as=  

where () ( )t0.2-exp-1as =tb ШШЯШt is age of concrete in days.Ш 

 
In the absence of accurate field/laboratory data, the values given below may be 
considered in design. 

 

Grade of Concrete Autogenous Shrinkage Strain (‐  ὼ ρπ ) 

M 30 35 

M 35 45 

M 45 65 

M 50 75 

M 60 95 

M 70 105 

 

c) The drying shrinkage strain develops slowly as it is a function of migration of 
the water through the hardened concrete.  The final value of the drying 
shrinkage strain ‭ ȟ may be taken as equal to Ὧ‭ Ȣ  The development of the 
drying shrinkage strain in time may be taken as: 
 

() ( ) cdhsdscd ..,Ů Ůkttɓt =  

 

( )
( )

( ) 3

0s

s

sds

04.0
,

htt

tt
ttɓ

+-

-
=  

where 

t = age of the concrete at the moment considered, in days; 
ts = age of the concrete at the beginning of drying shrinkage,   

           in days; normally this is at the end of curing; and 
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h0 = notional size of the cross section, in mm 
=        2Ac / u 

 
kh is a coefficient depending on the notional size h0, as given below: 

 
 

h0  
(in mm) 

kh 

100 1.0 

200 0.85 

300 0.75 

500 0.70 

 

Values of Ůcd may be taken from the table given below.  These values are 
expected mean values with a coefficient of variation of about 30 percent. 

 
fck 

 

(in MPa) 

Unrestrained Drying Shrinkage Values (
610- x cde )  

for Relative Humidity 

   
 

 
 

50 percent 
 

80 percent 
(1) (2) (3) 

 

25 535 300 
50 420 240 
75 330 190 

NOTE ï The values for the other designated grades may be obtained by interpolation. 

 

7.1.4.6 Strength  

The basic strengths of concrete shall be taken as specified hereunder, under direct 
compression, direct tension and bending tension.  Implications of increase beyond 28 
days in the strengths of concrete given hereunder shall be accounted for in design, 
when the same is detrimental or causes brittle actions to determine the behaviour.  

a) Compressive strength  

The characteristic compressive strength ckf  (in MPa) of concrete under direct 

compression shall be considered.  The design should be based on 28-day 
characteristic strength of concrete, unless there is evidence to justify a higher 
strength for a particular structure due to age.  Mean compressive strength cmf  

which is required to be adopted during construction, shall be estimated as:  

[ ]Xf;65.1fMaxf ckckcm ++= s , 

where s is standard deviation and X a constant specified in Table 10. In 

particular, when designing concrete mix, the target strength shall be taken as 

cmf . 
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b) Direct tensile strength 

The direct tensile strength ctf  of concrete shall be obtained by carrying out the 

direct tension test as specified in IS 516 (Part 1/Sec 1).  In the absence of test 
data, ctf  can be approximately calculated by the following expression: 

í
ì
ë
=

cr

sp,ct
ct f54.0

f80.0
f , 

where spctf ,  is the split tensile strength of concrete obtained by carrying out the 

split cylinder test as specified in IS 516 (Part 1/Sec 1), and crf  is the modulus 

of rupture of concrete under bending tension by carrying out the flexural tension 
test as specified in IS 516 (Part 1/Sec 1). 

c) Split tensile strength  

The split tensile strength spctf ,  of concrete shall be obtained by carrying out the 

split cylinder test as specified in IS 516 (Part 1/Sec 1).  In the absence of test 
data, the design value of spctf ,  can be approximated by: 

ckspct ff 50.0, =  

When mean split tensile strength m,sp,ctf  is required to be adopted during 

construction, it shall be estimated as:  

[ ]55.0f;65.1fMaxf k,sp,ctm,sp,ctm,sp,ct ++= s , 

where s is standard deviation of split tensile strength. 

In the absence of data, the mean value of m,sp,ctf may be taken as 1.4 times 

the characteristic valuespctf , . 

d) Modulus of rupture 

The modulus of rupture crf  of concrete under bending tension shall be obtained 

by carrying out the bending tension test as specified in IS 516.  In the absence 
of test data, the design value ofcrf  can be approximated by: 

ckcr ff 7.0=     , 

When mean flexural tensile strengthm,crf  is required to be adopted during 

construction, it shall be estimated as:  

[ ]55.0;65.1, ++= crcrmcr ffMaxf s , 

where s is standard deviation of flexural tensile strength. 

In the absence of data, the mean value m,crf  may be taken as 1.4 times the 

characteristic value fcr.   
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e) Increase in strength with age 

The design of new structures shall be based on 28 days characteristic strength 
of concrete only, unless there is an evidence to justify a higher strength for a 
particular structure due to age.  Such cases shall be governed by the following: 

1) When increased strength is to be used, the rate of increase of compressive 
strength with age shall be based on actual investigations considering the 
curing procedure adopted at site and expected ambient temperatures. The 
actual strength achievable (or achieved) at time other than 28 days strength, 
but not at more than 91 days in case of slow setting concretes, can be 
chosen to base the design and construction choices, if found more 
appropriate.  This decision shall be based on achievement of early or 
delayed strength, and the age at which the first design load, apart from the 
self-weight, is expected to be resisted by the structure.  

2) For evaluation of strength or load carrying capacity and for retrofitting of 
existing structures, strength at ages other than 28 days may be used after 
ascertaining the actual strength, sustained load effect, state of cracking and 
fatigue effects, for which specialist literature may be referred. 

  
7.1.4.7 Workability 

The concrete mix proportions chosen should be such that the concrete is of adequate 
workability for the placing conditions of the concrete and can properly be compacted 
with the means available.  Suggested ranges of workability of concrete measured in 
accordance with IS 1199 are given in Table 13. 
 

Table 13 Suggested Ranges of Workability of Concrete 
(Clause 7.1.4.7) 

 

Sl No. Placing 
Conditions 

Degree of 
Workability 

Slump at the time of 
placing 

Compacting 
factor 

(1) (2) (3) (4) (5) 

i) 1) Blinding 
concrete  
2) Pavements 
using paving 
trains   

Very Low  
Slump shall not be 

relied upon 
(IS 1199). 

0.75 -0.80 

ii) Mass concrete 
Lightly reinforced 
sections in slabs, 
beams, walls and 
columns 
Floors 
Hand placed 
pavements  
Canal Lining 
Strip footings  

Low 25 ï 75 0.8 ï 0.90 

iii) Heavily 
reinforced 
sections in slabs, 

Medium to 
high 

75  ï 150  
 

0.90-0.98  
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beams, walls and 
columns 

iv) Slip-form work,  
, thin members 

Medium to 
high 

75 ï 100  0.90-0.95  

 Pumped 
concrete 

High 100 ï 150 0.95-1.0 

v) Trench fill High 100 ï 150 0.95-1.0 

vi) Tremie concrete Very High Measurement of 
workability by 

determination of flow 
will be appropriate (as 

per IS 9103). 

Not to be 
used 

vii) Roller 
compacted 
concrete        

Very very 
low 

Zero slump concrete.                                                                   
Water content may be 
tested by OMC and 
VB test (see 12.6)  

 

NOTE 
 
1 For most of the placing conditions, internal vibrators (needle vibrators) are suitable. 
2 The diameter of the needle shall be determined based on the density and spacing of reinforcement 
bars and thickness of sections. 
3 For tremie concrete, vibrators are not required to be used. 

 
7.2 Reinforcing Steel 
 
Reinforcing steel used in reinforced and prestressed concrete structures shall comply 
with the requirements specified hereunder.  Further, 
 
a) All reinforcement shall be free from loose mill scales, loose rust and coats of 
paints, oil, mud or any other substances.  Shot blasting may be used to clean 
reinforcement. 

b) No reinforcement bar shall be coated with any material such as epoxy coated 
bars.  Any such coated bar shall not be used in concrete structures. 

c) No reinforcement shall be welded except the tack welding required to hold the 
reinforcement cage. Also, welding may be permitted in weld wire mesh used in 
slabs conforming to IS 1566. 

 
7.2.1 Grades of steel reinforcing bars 
 
7.2.1.1 The grade of the steel bars to be used at site shall be as given in the structural 
drawings.  No change shall be made at site, unless it is approved specifically by the 
structural designer and owner. 
 
7.2.1.2 The reinforcing steel bars used shall conform to IS 1786.  The provisions of 
this standard are applicable for the grades of reinforcing steel given in Table 14.  
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Table 14 Designated Grades of Reinforcing Steel 
(Clause 7.2.1.2) 

 

Sl No. Grade of steel Specified Characteristic 
Yield Strength Ὢ (in MPa) 

(1) (2) (3) 

i) Fe 250 250 

ii) Fe 415 415 

iii) Fe 500 500 

iv) Fe 550 550 

 
7.2.2 Physical and Mechanical Properties 

The salient physical properties of reinforcing steel bars shall be taken as specified 
hereunder. 

7.2.2.1 Modulus of elasticity 

The modulus of elasticity of reinforcing steel of all grades shall be taken as 20,0000 
MPa. 

7.2.2.2 Poissonôs ratio 

The Poissonôs ratio of reinforcing steel of all grades shall be taken as 0.3. 

7.2.2.3 Coefficient of thermal expansion 

The coefficient of thermal expansion of reinforcing steel of all grades shall be taken as 
1.2 Ĭ10-5/ÜC. 

7.2.2.4 Strength  

a) The yield strength of steels for which there is no clearly defined yield point, shall 
be taken as the 0.2 percent proof stress, which represents the strength for 
residual  plastic strain of 0.002 after removal of loads.  For steels having definite 
yield point, the stress corresponding to the lower yield point shall be considered 
as the yield (tensile) strength.  The ultimate (tensile) strength of steel shall be 
taken as the maximum stress at which the steel will resist before rupture.  
Unless otherwise stated, the strength refers to characteristic strength.  

b) The acceptance criteria for steel reinforcement shall be as per IS 1786. 

7.2.2.5 Elongation 

All reinforcing steel shall comply with the elongation requirements specified in IS 1786. 

 

7.3 Prestressing Materials 

7.3.1 Prestressing Steel 

Prestressing steel shall be used only as specified hereunder: 

a) Bonded tendons in new concrete structures, where it is required to resist 
applied loads, 

b) Bonded tendons (as internal prestressing, if possible) or unbonded tendons (as 
external prestressing, but with due precautions) in existing concrete structures 
where it is required to increase resistance of the structure, and 
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c) Unbonded tendons, where it is required to resist effects of temporary loads 
during the construction of new concrete structures and to be removed after the 
said stage of construction. 

 

7.3.1.1 Tendons 

Prestressing tendons are made of single or group of wires or strands or bars.  Three 
types of prestressing steels are permissible, namely plain or indented wires, stress-
relieved multi-ply strands, and high tensile steel bars.  These shall conform to the 
requirements given hereunder in addition to the reference standards listed in Table 15. 

 
Table 15 Types of Prestressing Steel 

(Clause 7.3.1.1) 
 

Type Name Reference 
Standard 

(1) (2) (3) 

Wires 
Plain cold drawn stress-relieved wires   IS 1785 (Part 1) 

Indented hard-drawn stress-relieved wires  IS 6003  

Strands 

Stress relieved multi-ply strands of Normal 
Relaxation  

IS 6006  

Stress-relieved multi-ply strands of Low 
Relaxation  

IS 14268  

Bars High tensile steel bars  IS 2090  

 

7.3.1.2 Physical and Mechanical properties 

The salient physical properties of prestressing steel tendons shall be taken as 
specified hereunder.  

a) Modulus of elasticity  

The modulus of elasticity (Ὁ) of prestressing steel shall be taken as per 

manufacturerôs test reports for the lot.  The value of Ὁ used in design shall 

conform to the manufacturerôs test value subject to complying with the 
acceptance criteria. The maximum and minimum value of modulus of elasticity 
obtained from acceptance tests shall be within Ñ 2.5 percent of the values 
specified in manufacturerôs test report.  

When values are not available from the manufacturer, tests shall be performed 
to ascertain the same. In general, the values shall be within 2.5 percent of the 
values indicated hereunder:  

î
í

î
ì

ë

=

Strands forMPa 

treated) heat or (rolled Bars Steel TensileHigh  forMPa 

WiresDrawn  ColdPlain  forMPa 

000,195

000,200

000,210

Ep  

 

b) Poissonôs ratio 

The Poissonôs ratio of prestressing steel of all grades shall be taken as 0.3.  
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c) Coefficient of thermal expansion 

The coefficient of thermal expansion of prestressing steel of all grades shall be 
taken as 1.2Ĭ10-5/ÜC. 

d) Strength 

The tensile yield stress of steel for which there is no clearly defined yield point, 
shall be taken as the 0.2 percent proof stress.  Strength refers to characteristic 
strength Ὢ, and shall mean that the value of 0.2 percent proof stress of the 

reinforcing steel wires, bars or strands below which not more than 5 percent of 
the test results are expected to fall.  

e) Stress relaxation 

The stress relaxation shall be obtained from the Manufacturers Test 
Certificates, and verified independently through tests, if required.  In absence 
of actual test data, the design value of stress relaxation up to 30 years shall be 
taken as three times the relaxation value at 1,000 hours, which is tested at an 
initial stress of 0.7 times the UTS at 20ÁC.  For initial stress other than 0.7 times 
the UTS, the values given in Table 16 shall be used.  For test durations less 
than 1,000 hours, the maximum values of relaxation loss may be taken as per 
Table 17.  

 
Table 16 Stress Relaxation for Different Initial Stresses (Expressed as Percent of 

Initial Stress Tested at 1,000 hours at 20ÁC Ñ 2ÁC) 
[Clause 7.3.1.2(e)] 

 

Sl 
No. 

 
Initial Stress (in 

MPa) 

Relaxation Loss (in percent)  

Normal Relaxation 
Steel 

Low Relaxation Steel 

(1) (2) (3) (4) 

i) πȢυὪ 0  0  

ii) πȢφὪ 2.5  1.25  

iii) πȢχὪ 5.0  2.50 

iv) πȢψὪ 9.0  4.50 

 
Table 17 Stress Relaxation up to 1,000 hours (Expressed as Percent of Initial Stress 

Tested at 1,000 hours at 20ÁC Ñ 2ÁC) 
[Clause 7.3.1.2(e)] 

 

Sl 
No. 

Time (in 
hours) 

Loss of the initial stress at 1000 hours (in 
percent) 

Normal Relaxation Steel Low Relaxation Steel 

(1) (2) (3) (4) 

i) 1 34 37 

ii) 5 44 47 
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iii) 20 55 57 

iv) 100 70 72 

v) 200 78 79 

vi) 500 90 90 

vii) 1000 100 100 

 
The stress relaxation ”ὸ at time t (hours) other than at 1,000 hours shall be estimated 
as: 

()
k

t
t ö

÷

õ
æ
ç

å
=

1000
1000rr , 

where  

1000r   = stress relaxation value at 1000 hours as per Table 20, and  

k   = öö
÷

õ
ææ
ç

å

100

1000

r

r
 

 = 
í
ì
ë

Steel Relaxation Low143.0

Steel Relaxation Normal155.0
 

 
In pre-tensioned members, stress relaxation shall be considered owing to temperature 
increase during their curing, which induced thermal strain in members.  Hence, for 
capturing early age relaxation, arising from initial temperatures higher than 40ÁC (as 
in steam curing), an equivalent time (hours) shall be added to the time (hours) after 
tensioning  in the relaxation time to account for the effects of the heat treatment on the 
loss in prestress in the relaxation of the prestressing steel.  shall be estimated as: 
 

ὸ
ρȢρτЎ

4Ў ςπ
4Ў ςπЎὸ  

 
where 

 4Ў  = Temperature (in oC) during the time interval, Ў  

itD  = Time interval for which the Temperature (in ÁC) is maintained, and 

n  = Total number of time intervals considered. 

 
7.3.1.3 Untensioned steel 

In general, untensioned steel shall conform to the requirements as per 9.3.4.  
Requirements of cover and spacing between bars shall apply as specified in 9.2.1.5 
and 9.2.2.5, and of provisions for assembly of reinforcement as specified in 10.5.3. 

 
7.3.2 Sheathing Ducts and Joints 

The sheathing ducts shall: 

a) be made of either mild steel or HDPE conforming to relevant Indian Standards, 
having a test certificate furnished by the manufacturer;  
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b) be in as long lengths as practical from handling and transportation 
considerations without getting damaged;  

c) be watertight at its internal joints when bent to the minimum radius of bending 
required;  

d) conform to the requirements specified in Annex B, and the tests specified in 
Annex B shall be performed as part of additional acceptance tests for 
prestressing systems employing corrugated HDPE sheathing ducts and are not 
meant for routine site testing purposes and have smooth internal surfaces. 

e) Be joined by any of the following methods, subject to satisfactory pressure 
tests, before prestressing: 

f)   Corrugated threaded sleeve couplers, which can be tightly screwed to the 
outside of the sheathing ducts; 

g) Welding using electric roaster machine or mirror machine; and 
h) Heat shrink couplers; and 
j) Be leak-tight against water pressure of 0.05 MPa for 5 minutes as per test 
procedure given in Annex B.  

 

7.3.3 Mechanical Couplers 

7.3.3.1 Fixed or movable type mechanical couplers shall: 

a) Be placed to not adversely affect the load carrying capacity of the member; 
b) Meet the specifications laid down by the manufacturer for minimum concrete 
cover over couplers and reinforcement for bursting and spalling, but subjected 
to acceptance tests similar to those specified for anchorages (see Annex C); 

c) Be located away from intermediate supports; 
d) Not be used in more than on 50 percent of the tendons at any cross-section; 
e) Be spaced such that the distance between any two successive sections at 
which cables are coupled is not closer than 1.5 m in structural members whose 
depth is less than 2.0 m, but not closer than 3.0 m when depth is more than 2.0 
m;  

f) Meet the requirements of strength of individual anchorages as specified in 
7.5.2; and 

g) Be able to transfer full force of tendon from one to another.  
 

7.3.3.2 Also, the anchorage and stressing of second tendon shall not disturb the 
anchorage of the first tendon when fixed couplers are used. 

7.4 Prestressing Systems 

Prestressing systems manufactured by specialist manufacturers shall be compatible 
with the standard prestressing wires/strands used. The stressing equipment, de-
stressing/restressing facilities, and grouting arrangements shall be compatible with the 
tendons.  Prestressing system proposed to be adopted should be well established 
(nationally and internationally), tested and approved.  For any new or lesser used 
systems, specialist literature shall be referred for deciding the acceptance criteria.  
 
7.4.1 Pre-tensioned Systems 

7.4.1.1 Anchorages 

Anchorages shall:  
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a) Enable the full design strength to be developed in the tendons when used with 
appropriate lengths in pre-tensioned tendons and have sufficient (see Fig. 2): 
 

1) Transmission length ὒ (see 7.4.1.2) over which the prestressing force 

ὖ is transmitted fully to concrete, dispersion length ὒ  over which the 

prestressing force ὖ is dispersed gradually to concrete, where 

  ὒ ὒ Ὠ, and  

2) Anchorage length ὒ  over which the design tendon force ὖ  is 

developed in concrete. 
b) Meet the requirements specified in 7.4.1.3,  
c) Not be permitted in top surface of the deck, and 
d) Be introduced only after examining their consequences, if needed temporarily 
only during construction.  

e) When tendons are anchored at a construction joint or within a concrete member 
(whether on an external rib, within a pocket or entirely inside the member), the 
minimum residual compressive stress shall be checked to be at least 3 MPa in 
the direction of the anchored prestressing force.  If the minimum residual stress 
is lesser, reinforcement shall be provided to cater to the local tension developed 
near the anchor beyond the tendon that is terminated.  This check is not 
required, if the tendon is coupled at the anchorage considered. 

 

 

FIG. 2 LENGTH PARAMETERS IN TRANSFER OF PRESTRESS IN PRE-
TENSIONED ELEMENTS 
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7.4.1.2 Transfer of prestress 

a) The prestress shall be assumed to be transferred to concrete by a constant 
bond stress Ὢ , given by 

 Ὢ ––Ὢ (t) 

where 

– = Coefficient accounting for type of tendon and bond with concrete  

 = 
î
í

î
ì

ë

Others  

strands wire7  and 30.3

Wires Indented7.2

TestsActualFrom

 

– = Coefficient accounting for quality of bond with concrete 

 = 
í
ì
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Others7.0

conditions bond Good0.1
 

Ὢ ὸ = Design tensile stress at time of release time t 

 = 
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b) The tendons shall be provided with a design transmission length ὒ , given by 

ὒ
πȢψὒ Local stress at release

ρȢςὒ Higher for Limit State of Safety shear,anchorage,ὩὸὧȢ
, 

 

where 

ὒ  = Basic transmission length = 
ö
ö

÷

õ

æ
æ

ç

å

pmt

pm

f

f 0
21 jaa , 

1a  = 
í
ì
ë

leaseSudden251

leaseGradual001

Re.

Re.
, 

2a  = 
í
ì
ë

--

-

swirestrand7and3190

toinrorosshcircularcTendonswit250

.

sec.
, 

f = Nominal diameter of tendon, and 

0pmf  = Tendon stress just after release. 

fpmt = fbpt 

c) The concrete stress shall be assumed to be linearly distributed outside the 
dispersion length dispL , and 

d) The stress in concrete may be taken different from the above, if adequately 
justified and if the transmission length is modified accordingly.  
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7.4.1.3 Anchorage of tensile force for the ultimate limit state: 

a) The anchorage of tendons shall be checked at sections where the tensile stress 

in concrete exceeds ckf5.0 .  The tendon force shall be calculated at a cracked 

section, including the effect of shear.  When the tensile stress in concrete is 

less than ckf5.0 , no anchorage check need to be performed. 

b) The bond strength for anchorage in the ultimate limit state is: 
Ὢ ––Ὢ , and 

where 

– = Coefficient accounting for type of tendon and bond with concrete  

 = 
î
í

î
ì

ë

OthersTestsFromActual
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– = Coefficient accounting for quality of bond with concrete 
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Ὢ ὸ = Design tensile stress at time of release time t 
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c) The design tensile strength of concrete shall be limited to 3 MPa in concretes 
of higher strengths.  

d) The total anchorage length ὒ  for anchoring a tendon carrying a stress Ὢ  is 

(see Fig. 3): 

 
ö
ö

÷

õ

æ
æ

ç

å -
+=

¤

bpd

pdpd
ptbpd

f

ff
LL fa22 , 

where, 

2ptL  = Upper value of design transmission length pdL  (= bptL2.1 ), 

pdf  = Stress in tendon given by (i) above, and  

¤pdf  = Stress in tendon after all losses.  
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FIG. 3 STRESSES IN ANCHORAGE ZONE OF PRE-TENSIONED 
MEMBERS: (1) AT RELEASE OF TENDONS, AND (2) AT ULTIMATE 

LIMIT STATE 

 
e) When reinforcing and pre-tensioned steels are used together within the same 
zone of concrete, the anchorage capacities of each shall be calculated 
separately and added for design verification.  

 

7.4.1.4 Deviators 

A deviator shall withstand both longitudinal and transverse forces applied by tendon 
and transmit them to the structure; and ensure that the radius of curvature of the 
prestressing tendon does not cause any overstressing or damage to it.  In a deviation 
zone,  
 
a) tubes forming the sheaths shall be able to sustain the radial pressure and 
longitudinal movement of the prestressing tendon, without damage and without 
impairing its proper functioning; and 

b) radius of curvature of the tendon shall not be less than 40 times the diameter 
of wire/strand. 

c) designed angle of deviation of tendon shall be limited to 0.01 radians when no 
deviator is used. But, the forces developed by the change of angle shall be 
considered in design. 

 

7.4.2 Post-tensioned Systems  

7.4.2.1 The anchorages in post tensioned system shall be any one of the following 
types: 
 

a) Anchorages (partially or fully embedded in concrete) in which the 
prestressing force of tendons is transferred within the body of the 
prestressed element by  bearing, ; and 

b) Anchorages (externally mounted) in which the prestressing force of tendons 
is transferred to concrete through an externally mounted bearing plate.  
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7.4.2.2 The anchorage shall meet the following requirements: 
a) The anchorage may consist of any device patented or otherwise, which 
complies with the requirements laid down in 9.2.2.8.1 to 9.2.2.8.3. 
Proprietary anchorages shall be handled and used strictly in accordance 
with the manufacturerôs instructions and recommendations. 

b) The anchorage shall be capable of holding (with nominal slip) the 
prestressing tendon carrying a load corresponding to average of the design 
initial prestressing load and the ultimate strength of the prestressing tendon. 

c) The anchorage shall transfer effectively and distribute, as evenly as 
possible, the entire force from the prestressing tendon to the concrete 
without inducing undesirable secondary or local stresses. 

d) The anchorage shall be safe and secure against static load, dynamic load 
and impact load. 

e) The anchorage shall have provision for introducing a suitable protective 
medium, such as cement grout, for the protection of the prestressing steel, 
unless alternate arrangements are made. 
 

7.4.2.3 The anchorage shall be capable of: 

a) Holding and transferring a force not less than 95 percent of the actual mean 
tensile ultimate strength of the tendon, without failure of any part of the 
anchorage-tendon assembly. 

b) Withstanding not less than 2.0 million cycles of fatigue load less than 60 
percent of nominal UTS of tendons it is expected to hold, without suffering 
more than 5 percent breakage of wires or strands at the load frequency of 
not more than 500 cycles per minute. 

 

7.5 Prestressing Grout 

Unbonded tendons placed either in ducts embedded in concrete or located outside the 
member shall be protected from corrosion by suitable fillers.  Grouting by cement, wax, 
and nuclear grade (low sulphur) grease are some of the options.  For materials other 
than cement or such long-life permanent materials, arrangements shall be made for 
inspection and refilling or replacement of grouting materials. 

 
Post-tensioned tendons shall be bonded to the concrete of prestressed member using 
a grout.  Factory made coated wires or strands embedded in polyethylene ducts with 
suitable fill also are acceptable.  When such specialized materials and techniques of 
prestressing are employed, manufacturer's recommendations shall be complied with.  
The recommendations specified hereunder cover the cement grouting of post 
tensioned tendons of prestressed concrete members. 
 
7.5.1 Constituent Materials 
 
Cement grouts shall be made with cement, water and admixtures, whose 
specifications are as hereunder: 
 
a) Water: Only clean potable water free from impurities shall be used. No water 
from sea, creeks or effluents shall be used.  

b) Cement: The same cement as used in construction of prestressed elements, 
shall be used in the preparation of the grout. 
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c) Admixtures: Acceptable admixtures conforming to IS 9103 may be used, if tests 
show that their use improves the properties of grout, that is, increases fluidity, 
reduces bleeding, entrains air and expands the grout.  Admixtures shall not 
contain chlorides, nitrates, sulphides, sulphites or any chemical that is likely to 
damage the steel or the grout. When an expanding agent is used, the total 
unrestrained expansion shall not exceed 10 percent.  Aluminium powder shall 
not be used as an expanding agent.  

d) Sand: It is not recommended to use sand for grouting of prestressing tendons.  
 
7.5.2 Use of Grout Colloidal Mixer 
 
The grout shall be continuously mixed in a colloidal mixer with a minimum speed of 
1000 RPM, and with a travel discharge not exceeding 15 m/s.  
 
7.5.3 Properties of Grout 
 
Before using any grout, the required tests shall be conducted in advance to ascertain 
the mix of the grout.  The properties of the mix shall be tested periodically during the 
construction of a prestressed member, whose specifications are specified hereunder: 
 
a) Water-Cement Ratio: It should be as low as possible, consistent with the 
required workability. This ratio shall not exceed 0.45.  

b) Deleterious Materials: No chloride or sulphate shall be added separately to the 
grout. When constituent materials of the grout contain chlorides, sulphates or 
sulphites, their proportion by weight shall not exceed the following limits:  

 
1) Chlorides (CI-) : 0.1 percent  
2) Sulphate (SO3)  : 4.0 percent 
3) Sulphide-ions (S2

-)  : 0.01 percent 
 
c) Temperature: The temperature of the grout (after accounting for the ambient 
temperature of the structure) shall not exceed 25ÁC.  

d) Compressive Strength: The compressive strength from 100 mm cubes of the 
grout shall not be less than 17 MPa at 7 days. The cubes shall be cured in a 
moist atmosphere for the first 24 hours and subsequently in water.  

e) Setting Times: The initial setting time of grout shall be more than three hours 
and less than 12 hours.  And, the final setting time shall not be less than 24 
hours. 

f) Bleeding: Bleeding in a grout kept at rest for three hours shall not exceed 0.3 
percent of the initial volume of grout. 

g) Volume Change: The volume change of grout kept at rest for 24 hours shall be 
within the range ï0.5 percent and 5.0 percent of the original volume. 

h) Fluidity: Fluidity can be tested either by cone test or grout spread test.  The time 
for cone test shall be less than or equal to 25 seconds.  The spread of the grout 
as per grout spread test shall be greater than or equal to 140 mm.  

 
7.6 FRP Bars 

The provisions of this standard are not applicable for members reinforced with FRP 
bars. FRP bars shall not be used for normal reinforced or prestressed concrete 
structures.  FRP bars can be used only in specific low risk structures specifically 
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required from durability considerations and permitted by engineer in charge. In such 
cases, specialist literature need to be consulted for design. 

 
8 STRUCTURAL ANALYSIS 
 
8.1 General  
 
a) Two methods of structural analysis are admissible, namely linear and nonlinear 
analysis.  

 
b)  Structures shall be analysed by linear analysis under the action of Set 1 Load 
Combinations, and then assessed by nonlinear analysis under the action of Set 
2 and Set 3 Load Combinations.  

 
c) Construction stage analysis shall be performed in both linear and nonlinear 
analysis.  

 
8.1.1 Linear Analysis 
 
Linear structural analysis shall be employed or design of new concrete structures (and 
their members): 
 
a) using initial elastic properties, which are suitably modified with partial safety 
factors specified in this standard; 

 
b) through a validated standard software using a single analysis model of the 
structure and foundations together, which can be: 
1) a three-dimensional model, or 
2) a two-dimensional model through planar vertical frames if the structure 
satisfies all the following: 
i) The structure is a residential building; 
ii) The structure is symmetrical in plan and elevation and subjected to 

symmetrical loads. 
iii) The structure has a rectangular plan with plan area 400 m2 and less;   
iv) Plan aspect ratio of the structure is 3 or less; 
v) The structure has height of 10 m or less;   
vi) The structure has regular structural grid along both plan directions and 

these grids are parallel to each other along each direction; 
vii) The sizes of similar members do not vary by more than 10 percent that 

is, total depths of all beams are within 10 percent of the smallest one, 
and the plan dimensions of vertical members along each plan direction 
are within 10 percent of the smallest one; and 

viii) The effects of minimum plan eccentricity between centre of mass and 
centre of resistance at each mass level of the structure are accounted 
for separately and explicitly as specified in relevant Indian Standards. 

 
c) by any of the following methods: 
1) Conventional method as per 8.2, 
2) Strut and tie method as per 8.3, and 
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3) Simplified estimates as per 8.4. 
 
8.1.2 Nonlinear Analysis  
 
8.1.2.1 Nonlinear analysis shall be used to assess new concrete structures (and their 
members) under the action of loads corresponding to Set 2 Accidental Load 
Combinations and Set 3 Extreme Load Combinations, and existing concrete structures 
(and their members) under the action of loads corresponding to all three sets of load 
combinations. 
 
8.1.2.2 The actual inelastic properties with no partial safety factors applied to the 
characteristic strengths and strains are used. 
 
8.1.2.3 Standard structural analysis software (publicly validated), only after 
undertaking a detailed sensitivity analysis of the parameters used to define the 
inelastic stress-strain or load-deformation characteristics of the materials and/or 
members shall be used.  
 

8.2 Conventional Method 
 
Structures shall be analysed by the linear elastic (first-order) analysis method to 
estimate internal forces and deformations produced by design loads applied on them 
using spatial (3D) analytical models except as permitted in 8.2.1.1(a) and 8.1.1(b)(2) 
with material and cross-sectional properties as specified in this standard, under the 
action of loads combined as per Table 2. 
 
8.2.1 Modelling 
 
3D models shall be employed in the structural analysis with geometry, material and 
boundary conditions of the structure captured accurately to reflect the true conditions 
of the structure, except as permitted otherwise in 8.2.1.1(a) and 8.2.1.1(a)(2).  
Member-end rotations may be released during analysis only when the same is 
reflected during design of members. 
 
8.2.1.1 Member flexibility 
 
The geometry, material properties and boundary conditions of connectivity between 
members or members and foundation, shall be taken as specified hereunder to 
capture the flexibility of the structure.  

 
a) Geometry (3D Model) 

 
1) Members of monolithic concrete structures shall be modelled with their 
centrelines, and assumed to be rigidly connected to each other.  The 
members shall be considered to span between the centrelines of the end 
members, if: 

Ὀ Ὀ

ς

ὒ

ρπ
 

 
where Ὀ and Ὀ are dimensions of the end members into which the member 
is framing at its ends, and ὒ  is the span of the member measured 
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between the centrelines of the end members (see Fig. 4).  Else, the member 
shall be considered to be flexible up to ὈȾφ  and ὈȾφ from the faces of the 
two end members, and the rest of the portions of the member within the joint 
region treated as rigid. This shall be considered along all three directions of 
the structure.  At least the natural discretisation shall be adopted to model 
the structure. If the member geometry is non-prismatic or if concentrated 
loads are applied within the span of the member, additional nodes required 
shall be considered, including at the points of application of concentrated 
loads and moments. 
 
 

 
FIG. 4 GEOMETRY OF A MEMBER MEETING OTHER MEMBERS AT ITS ENDS 
 
 

2) In indeterminate structures subjected to load combinations corresponding 
to strength, serviceability, robustness and integrity criteria specified in 
Tables 2 to 5, respectively, the relative stiffness of members shall be based 
on one of the following: 

 
i) The second moment of area of their cracked transformed cross-sections 
(to be used for deflection calculation), where the transformed cross-
section shall be considered as area of uncracked part of concrete and 
area of steel reinforcement bars transformed into equivalent concrete 
area using the modular ratio ά given by: 

ά
σππ

Ὢ
 ȟÏÒ 

ii)  The prescriptive values of cracked moments of inertia of members as 
specified in Table 18, where the estimation of the gross moment of inertia 
Ὅ of a beam shall consider effects of: 

 
aa) both beam and a part of the slab (equal to the effective flange width 
as specified in 9.2.1.3), when slabs are not modelled explicitly, and 

bb) only beam, when slabs are modelled explicitly and when load 
combinations considered include earthquake load; or 
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Table 18 Effective Section Properties of Members to be Used in Structural 
Analysis 

[Clause 8.2.1.1(a)(2)] 
 

Sl 
No. 

Type of 
structural 
member 

Normalized Effective Cross-sectional Properties 

For strength design, 
robustness check and 
integrity check 

For serviceability check 

Axial 
Area 
ὃ Ⱦὃ  

 

Shear 
Area 
ὃ Ⱦὃ  

Second 
Moment of 
Area 
ὍȾὍ 

Axial 
Area 
ὃ Ⱦὃ  

 

Shear 
Area 
ὃ Ⱦὃ  

Second 
Moment of 
Area 
ὍȾὍ 

(1) (2) (3) (4) (5) (6) (7) (8) 

i) Slabs 1.0 0.40 0.25 1.0 0.7 0.35 

ii) Beams 1.0 0.40 0.35 1.0 0.7 0.50 

iii) Columns   

 (a) 
Compression 

1.0 0.40 0.70 1.0 0.7 0.90 

(b) Tension  0.1 0.40 0.70 0.3 0.7 0.90 

iv) Structural 
Walls 

  

 (a) 
Compression 

1.0 0.40 0.70 1.0 0.7 0.90 

(b) Tension  0.1 0.40 0.70  0.3 0.7 0.90 

 
3) When safety of a concrete structure depends on the torsional strength of 
certain members that is, the members are required to resist primary torsion 
(also called equilibrium torsion), the torsional stiffness of such members 
shall be considered in both analysis and design. Torsional stiffness of such 
members shall be included in structural analysis; torsional rigidity Ὃὅ of such 
members shall be taken as: 

Ὃὅ πȢτὋὅ  
where  

Ὃ  = shear modulus of concrete = , and 

ὅ  = πȢτὅ, 
in which  
Ὁ = Modulus of elasticity of concrete, and 
’ = Poissonôs ratio of concrete,  
ὅ = Torsional constant = πȢυὑ, 

wherein 
ὑ =St. Venant Torsional Constant of the gross plain concrete 

section, of the rectangular web without considering the flange, if 
any 

 = ‌Ὀὦ, 
ὦ = Smaller dimension of the member,  
Ὀ  = Larger dimension of the member, and 
a  = Factor ‌ to estimate the Saint Venant Torsional Constant ὑ of 

concrete members given by Table 19. 
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Table 19 Coefficient to estimate torsional stiffness of members  

[Clause 8.2.1.1(a)(3)] 
 

ὈȾὦ 1.0 1.2 1.5 2.0 2.5 3.0 4.0 5.0 

‌ 0.14 0.17 0.20 0.23 0.25 0.26 0.28 0.29 

 
b) Material Properties 

 
In the estimation of deflections in structures, the moduli of elasticity Ὁ, Ὁ and 
Ὁ of concrete, reinforcing steel and prestressing steel shall be taken as 

specified in 7.1.4.1, 7.2.2.1 and 7.3.1.2.(a) respectively.  
 
c) Boundary Conditions 

 
When modelling, the connection between members shall be considered to be 
rigid while those between column and column bases shall be considered to be: 
 
1) flexible, if the column terminates in to an individual  footing resting  on 
flexible soil (where the flexibility shall be reflected by elastic springs, whose 
translational and rotational stiffnesses shall be estimated considering the 
flexibility of the footing and the modulus of subgrade reaction of the soil 
underneath), and  

 
2) rigid, if the column terminates into a raft, stiff foundation beam or footing on 
hard soil.  

 
8.2.1.2 Soil-foundation system flexibility 
 
a)  The flexibility of foundation of the structure and soil underneath or adjoining 
shall be accounted for, especially in structures resting on: 

 
1) open foundations (other than piles) resting on soft soil sites (that is, of site 
class D or E), and  

 
2) deep foundations (other than wells and caissons) resting on medium and 
hard soil sites (that is, of Site Class A, B or C). 

 
b) Simple structures as identified in 8.1.1(b)(2) may be exempted from this 
requirement even in case of soft soil.  

 
c) Site classes A, B, C, D and E shall be taken as per IS 1893 (Part 1). 
 
d) Foundation Flexibility 

 
The flexibility of the structural elements composing the foundation of the 
structure shall be modelled  considering their geometry and material properties.  

 
e) Soil flexibility 
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The flexibility of the soil underneath on which the foundation of the structure 
rests and the soil adjoining the structure shall be modelled  in one of the 
following ways, namely: 
 
1) Elastic springs, when only flexibility of soil mass needs to be considered: 

 
i)  When soilïfoundation system is stiff, lumped springs (that is, 
translational bearing and shearing springs, and rotational springs) may 
be employed at the bases of wells and footings, to account for both 
normal and shear resistances offered by the soil. 
 
aa) Individual footings: In the absence of more detailed analysis, 
individual footings can be taken to be stiff if: 

‍ὒᶻ
ὑὄ

τὉὍ
 

where 
ὒᶻ = length of overhang from the face of the column, 

ὄ = breadth of the footing,  

Ὁ = elastic modulus of the footing material,  

Ὁ = second moment of the area of the cross-section of the 

footing, and  
ὑ = modulus of subgrade reaction of the soil underneath the 
footing; and 

 
bb) Well foundations: In the absence of more detailed analysis, well 
foundations can be taken to be stiff. 

 
ii)  When foundation element is flexible: 

 
Distributed translational bearing and shearing springs shall be employed 
along both vertical and horizontal directions at nodes of the discretisation 
of wells, piles and footings, to account for both normal and shear 
resistances offered by the soil, adjoining the following: 
 
aa) individual footings ï vertical bearing and horizontal shearing springs 
at each node underneath the footing, 

bb) raft foundations ï vertical bearing and horizontal shearing springs at 
each node underneath the raft foundation, 

cc) pile foundations ï horizontal bearing compression only springs and 
vertical shearing springs at each node on the vertical face of the pile, 
and vertical bearing and horizontal shearing springs at the node 
underneath the pile, and  

dd) well foundations ï horizontal bearing compression only springs and 
vertical shearing springs at each node on the vertical face of the well, 
and vertical bearing, horizonal shearing and rotational springs 
underneath the raft foundation. 
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The modulus of subgrade reaction of soil layers and the stiffnesses of the 
said translational and rotational springs shall be considered as per IS 1893 
(Part 1).  
 

2) Soil mass, when flexibility and inertia of soil mass needs to be considered: 
 
i) Soil underneath foundations shall be discretized into 3D soil blocks. The 
material properties by the shear modulus Ὃ and poissonôs ratio ’ shall 
be taken as specified in IS 1893 (Part 1).   

ii) Caution shall be exercised when modelling the dynamic behaviour of the 
structure-foundation-soil system, to not introduce spurious reflections 
arising out of the reflection of waves at the solid boundary generated at 
the base rock on which the soil rests; or the following shall be considered 
as boundary condition at supports of structures: 

 
aa) Settlement of foundations, if any, owing to long-term consolidation of 
soil shall be modelled as specified displacement at the boundary; and 

 
bb) Loss of contact at foundations, if any, shall be modelled using 
localized soil springs distributed along the full contact area to reflect 
the flexibility of soil and of the foundation, to capture loss of contact 
in soil spring, when they are in tension.  Further, linear analysis shall 
be used only if factor of strength against overturning is more than 1.5, 

eccentricity of loading is less than Ὡ ὒȾσ, and area of contact 

with soil below is more than 50 percent of total area of footing, else 
nonlinear analysis shall be performed.  

 
8.2.1.3 Effect of Prestress  
 
a) When a concrete structure is partially or fully prestressed, structural analysis 
shall be performed of the whole structure to account for impact of prestressing 
on adjoining elements, considering: 
 
1) in determinate structures: force effects of prestressing, and  
2) in indeterminate structures: both force and displacement effects of 
prestressing.  

 
b) In indeterminate structures,  

 
1)  structural analysis shall be performed using a finite element model prepared 
of the member and the structure, where forces are transferred between the 
prestressing tendons and the adjoining concrete along the full length of the 
member through the bond elements (reflecting the grout), and 

2) when the members are expected to respond nonlinearly, the input „ ‐ 
curves of the constitutive materials of the said finite elements shall be 
nonlinear; the analysis shall be nonlinear necessarily. 
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8.2.2 Loading 
 
Loads shall be applied as per the load combinations specified in 6.4 as per: 

 
a) Table 2 when designing to meet strength criteria,  
 
b) Table 3 when checking compliance with the serviceability and durability criteria, 
 
c) Table 4 when checking compliance with the robustness criteria, 
 
d) Table 5 when checking compliance with the integrity and restorability criteria, 
and 

 
e) Tables 2, 3, 4 and 5 (as applicable), when checking compliance of restorability 
criteria. 

 
8.2.3 Analysis 
 
8.2.3.1 Stability Index 
 
a)  The stability index ὗ at storey ί shall be estimated as:  

ὗ
В ὖ ɝ

В ( Ὤ
 

where  
ὖ  = design axial force in column ὧ in the storey considered, 
ɝ  = lateral deflection at top of column ὧ with respect to its bottom, in 

the storey considered along the principal plan direction considered, 
(  = lateral shear force at top of column ὧ in the storey considered 

along the principal plan direction considered, 
Ὤ = height of storey ί considered, and 
ὔ  = number of columns in the storey ί considered. 

 
Here, ὖ , ɝ  and (  are based on results from linear elastic analysis under 
the action of loads considered as per the combinations of loads given in 6.4 for 
strength criteria (Table 2). 

 
b)  The largest value of stability index ὗ  amongst those of all ὔ storeys of the 
structure shall be taken as: 

ὗ άὥὼὗȟ×ÈÅÒÅ ί ρȟςȟȣȟὔ  

 
c) The method of analysis of structures applicable shall be as per Table 20, 
depending on the value of ὗ  for the purpose stated therein. 
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Table 20 Method of Structural Analysis Applicable to the Three Sets of Load 
Combinations 
(Clause 8.2.3.1) 

 

Sl 
No. 

Load 
Combination 
Set 

Method of Analysis 

Linear  
Analysis  

if ὗ πȢπτ 

Approximate 
Geometric  

Nonlinear Analysis, 
if πȢπτ ὗ

πȢρπ 

Detailed Geometric 
Nonlinear Analysis,  
if πȢρπ ὗ  

(1) (2) (3) (4) (5) 

i) Basic Yes  
for designing  
the structure 

Yes  
for designing  
the structure 

No 
but redesign the 
structure to reduce 
ὗ 
to be less than 0.10 

ii) Accidental No No Yes 
for assessing  
the structure 

iii) Extreme Yes  
for designing  
the structure 

Yes  
for designing  
the structure 

Yes 
for assessing  
the structure 

 
8.2.3.2 Linear Analysis 

 
a)  Linear analysis may be performed of concrete structural systems, when: 

 
1) Stability index ὗ πȢπτ, wherein ὗ  is estimated as per 8.2.3.1 under 
the combinations of loads given in 6.4 for strength criteria (Table 2); and 

 
2) Slenderness ratios ὯὒȾὶ of all columns satisfy: 

Ὧὒ

ὶ

ςπ#ÏÌÕÍÎÓ ./4 ÂÒÁÃÅÄ ÁÇÁÉÎÓÔ ÓÉÄÅÓ×ÁÙ
τπ#ÏÌÕÍÎÓ ÂÒÁÃÅÄ ÁÇÁÉÎÓÔ ÓÉÄÅÓ×ÁÙ         

 

where  
Ὧ = Effective length factor of the column as per 8.8.2,  

ὒ = Length of the column, and  
ὶ  = Radius of gyration 

   =  

in which Ὅ and ὃ are the gross second moment of area and gross area of 

cross-section of the column section, respectively.  ὶ for a column of 
rectangular cross-section may be taken as 0.30 times the dimension of 
cross-section in the considered direction of deformation, and of circular 
cross-section as 0.25 times the diameter of circular cross-section. 

 
b)  Linear analysis may be performed using the four methods, namely:  
 
1) Frame Method shall be used when structures consist largely of members 
that have one dimension much larger than the others.  
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2) Finite Element Method shall be used when structures consist of members 
that are stocky and structures have only structural walls and slabs. The 
appropriateness of the results from this analysis shall be ensured before 
considering them in design.  Stress concentration at points of application of 
concentrated loads, re-entrant angles, and openings in slabs, shall be 
addressed in the design stage. 

  
3) Hybrid Method shall be used when structures consist of mixed structural 
systems and members of uneven geometry (such as, deep beams and/or 
beam-column joints with similar sizes).  Some members may be modelled 
as frame members by their centreline geometries (such as, beams and 
columns) and others by 3-dimensional finite elements (such as, beam-
column joints, structural walls, and service cores in buildings).  All 
requirements related to modelling of the structure specified in the Frame 
and Finite Element Methods shall be applicable here.  

 
4) Strut & Tie Method shall be used when structures consist of complex load 
paths, non-uniform stress distribution in non-prismatic members and 
junctions of members of concrete structures.  This method is meant to 
perform local analysis, and shall not be used as a substitute for overall 
global structural analysis of the structure.  

 
c)  In each of methods mentioned above, it shall be ensured that: 

 
1) Geometry (such as areas of cross-sections and moments of inertia) of 
members is consistent with 8.2.1.1(a), and 

2) Modulus of elasticity is considered as specified in 7.1.4.1, 7.2.2.1 and 
7.3.1.2(a).  

3) Mass is represented accurately, when dynamic actions are to be assessed. 
4) Boundary conditions reflect the true restraint at the supports. 
5) Effects of shear deformations are considered when estimating the stiffness 
of members whose ὒȾὈ ratio is less than 10 for continuous members and 5 
for cantilever.  This requirement shall not be applicable to slabs. 

 
8.2.3.3 Approximate Geometric Nonlinear Analysis  
 
Geometric nonlinear analysis shall be performed of laterally flexible concrete structural 
systems (like frame structures), if any, when πȢπτ ὗ πȢρπ, wherein ὗ  is 
estimated as per 8.2.3.1 under the combinations of loads given in 6.4 for strength 
criteria (Table 2).  The approximate geometric nonlinear analysis may be performed to 
estimate the additional bending moments (due to ὖ ɝ  effects) on columns as per 
9.3.2.7, and used in the design of columns. 
 
8.2.3.4 Nonlinear Analysis  
 
a)  Detailed Geometric Nonlinear Analysis 
 
Detailed geometric nonlinear analysis shall be performed of laterally flexible 
concrete structural systems, when ὗ πȢρπ, wherein ὗ  is estimated as 
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per 8.2.3.1, and no material nonlinearity accrues under the action of the loads 
specified in the load combinations mentioned in 6.4, when checking for the 
compliance of the structure with strength criteria. 
 

b)  Geometric and material nonlinear analysis 
 
Combined geometric and material nonlinear analysis shall be performed of 
concrete structural systems, under the action of the loads specified in the load 
combinations mentioned in 6.4, when checking for the compliance of the 
structure with robustness, integrity and restorability criteria. 
 
1)  Progressive Collapse Analysis 

 
i)  When designing important and critical structures for the integrity criteria, 
progressive collapse analysis shall be performed to estimate the design 
strength and deformation demands on members, especially the key 
members of the primary (vertical and lateral) load resisting system, to 
prevent: 
 
aa)Local collapse involving formation of plastic hinges of a few adjoining 
members resulting in that local portion of the structure to become 
unstable under the inelastic condition and unrestricted deformation 
under the applied loads,  

bb)Global collapse involving formation of plastic hinges of all members 
of the structure (in general) resulting in the whole structure to become 
unstable under the inelastic condition and unrestricted overall 
deformation under the applied loads. 

 
ii) Progressive Collapse Analysis shall involve: 

 
aa) Identifying all key elements of the primary load resisting system of 
the structure, 

bb) Preparing the analytical model removing one key element at a time, 
cc) Performing linear structural analysis of the residual structure to 
estimate the design strength demand on the remaining members 
under the applied gravity loads (namely dead load and live load, and, 
if applicable, snow load) specified in Set 1 Basic Load Combination 
given in Table 1.  

dd) Repeating the analysis removing another key element, until all key 
elements are removed one at a time.  

ee) Listing all combinations of stress-resultants (P, V, M and T) on each 
member of the structure from each of the above analyses. 

ff) These combinations of P, V, M and T shall be used to design the 
members. 

 
iii) If the structure is found deficient from progressive collapse analysis, the 
same should be mitigated (if not eliminated) by introducing additional 
alternate load paths; and  
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2)  Blast Analysis 
 
i) Structural analysis of a structure subjected to blast loading shall be 
nonlinear response history analysis method; the time increment shall be 
in milli-seconds.  It shall account for material and geometric 
nonlinearities.  Also, the stiffness and strength characteristics of the 
material as per the nonlinear stress-strain curve of the constituent 
materials.  

 
ii) Two analyses shall be performed, namely: 

 
aa) Analysis 1 ï Nonlinear analysis of the full structure, and 
bb) Analysis 2 ï Nonlinear analysis of the modified structure, with a few 
critical members removed, which are closest to the blast.  The critical 
members to be removed shall depend on the outcome of the analysis 
1.  Also, the blast pressure shall be applied on the remaining surfaces 
after removing the critical members. This analysis shall be performed 
as per progressive collapse. 

 
iii) If the structure is found deficient from blast analysis, the same should be 
mitigated (if not eliminated) by introducing additional sacrificial elements 
to shield the structure in focus.  

 
8.3 Strut and Tie Method 

 
Strut and tie analysis shall be performed as specified hereunder. 
 
8.3.1 Modelling  
 
8.3.1.1 A member or local region shall be represented by a strut and tie model, which 
consists of a traditional truss made up of struts and ties connected at nodes, capable 
of transferring the factored loads applied on them.  The truss can represent: 

 
a) B-region (beam or Bernoulli region) of the member, or  
 
b) D-region (disturbed or disturbed region) of the structure including the junctions 
of members, the junction of members and supports, or parts of the members 
where the loads are applied along with other part of the adjoining B-regions.  

 
8.3.1.2 Further, 
 
a) At each node, at least three members meet, that is, at least three struts, two 
struts and one tie, one strut and two ties, or three ties.  

 
b) The ties shall be permitted to cross struts, without touching each other.  But, 
the struts shall cross or overlap only at the nodes.  

 
c) When determining the geometry of the truss, the dimensions of the struts, ties, 
and nodal zones shall be taken into account. 
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d) The angle ɗ between the axes of any strut and any tie meeting at a node shall 
not be less than 25Á.  For this purpose:  

1) The compressive force may be assumed to spread in the strut at a slope of 
2 longitudinal to 1 transverse to the axis of the strut, and  

2) The tensile force shall be considered to pass straight parallel to the axis of 
the tie. 

 
e) The area of each face of a node shall not be less than the cross-sectional area 
of the strut or tie measured perpendicular to it, and the shape of each face of 
the node shall be similar to the shape of the projection of the end of the struts 
onto the corresponding faces of the nodes. 

 
f) Geometric Properties 

 
The geometric properties of struts and ties shall be taken as hereunder: 
 
1) The cross-sectional area ὃ of a strut shall be estimated as a product of its 
width ὦ and depth Ὀ of confined concrete within the transverse 
reinforcement shall be taken as: 
ὦ = breadth of the member under compression, and  
Ὀ = 0.25 times length of the member under compression. 

2) The cross-sectional area ὃ of the ties made of steel reinforcing bars shall 
be taken as the sum of the cross-sectional areas of all bars in the member 
transformed to equivalent area of concrete as specified in 8.2.1.1(a). 

 

g) Material Properties 
 
The material properties (such as modulus of elasticity, Poissonôs ratio, 
compressive strength, and tensile strength, as applicable) shall be taken as 
hereunder: 
 
1) For struts, the properties shall be taken as that of the concrete is confined 
by appropriate closely spaced closed-loop transverse steel reinforcement; 
and  

2) For ties, it shall be taken as that of the longitudinal steel reinforcement bars.  
 

8.3.2 Loading 
 
The loads and load combinations shall be considered as given in 6.4 and specified in 
Tables 2, 4 and 5 for strength design, robustness check and integrity check, 
respectively. 
 
8.3.3 Analysis  
 
The traditional linear truss analysis shall be performed under the action of the applied 
loads, and the forces estimated in the struts and ties along with the support reactions. 
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8.4 Simplified Estimates 
 
a) Unless more accurate estimates are available (from computer-based analyses) 
as per 8.2.1.1(b), provided all conditions mentioned herein are satisfied, the 
following simplified estimates may be used of: 

 
1) Bending moments and shear forces of continuous concrete beams and 
bending moments of concrete slabs (namely 2-way solid slabs and flat slabs 
spanning in two directions) as specified in 8.7.2 and 8.7.3.  These simplified 
estimates shall stand as the lower bound values for the results from the 
conventional method and strut and tie method of structural analysis; 

2) Effective lengths of concrete compression members as specified in 8.8.2; 
and 

3) Deflections and crack widths in concrete beams as specified in 8.10.1 and 
8.10.2.  

 
b) In continuous beams where vertical supports are not cast monolithically with the 
horizontal members and individual, small sized, concrete structures that have 
simple and symmetric structural system, instead of performing the detailed 
structural analysis by the conventional method, the bending moment and shear 
force coefficients specified hereunder shall be deemed to be sufficient.  When 
these coefficients are used, redistribution of bending moments shall not be 
permitted. 

 
8.5 Moment Frame Structures 
 
When a concrete structure is made of a moment frame, the simplified estimates 
provided in 8.6 and 8.7 for beams and slabs, respectively, shall be used.  
 
8.6 Beams 
 
Beams are member with axial stress Ὢ less than 0.1Ὢ under design loads arising 
out of load combination specified in 6.4 and Tables 2, 4 and 5. 
 
a) Load transfer from rectangular slab panels to perimeter supports  

 
The uniformly distributed load on the solid slab spanning in two directions at 
right angles shall be assumed to be transferred to perimeter supports as per 
the influence area generated by the intersection of the 45Á lines as shown in 
Fig. 5. 
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FIG. 5 UNIFORMLY DISTRIBUTED LOAD ON SHADED AREA OF SOLID SLAB IS ASSUMED TO BE 
TRANSFERRED TO THE ADJOINING SUPPORT: SLAB SUPPORTED ON (A) ALL FOUR 

SIDES, (B) THREE SIDES, AND (C) TWO ADJOINING SIDES 
 

b)  Design moment and shear coefficients  
 
1) The bending moment and shear force coefficients in continuous beams at 
any floor or roof level shall be taken as specified hereunder, provided: 
 
i) The structure has a simple and symmetric structural system, 
ii) The structure is subjected to relatively uniform gravity loads (namely Ὀὒ 
and Ὅὒ) on its spans,  

iii) The structure has stability index ὗ πȢπτ under gravity loads, and 

iv) The beam is not a deep beam, whose ratio of effective span ὰ to overall 
depth Ὀ, is: 

  
ςȢπ 3ÉÍÐÌÙ ÓÕÐÐÏÒÔÅÄ ÂÅÁÍ
ςȢυ #ÏÎÔÉÎÕÏÕÓ ÂÅÁÍ

 

When any one of these conditions is not satisfied, detailed conventional 
method of analysis shall be employed. 
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2) Unless more exact estimates are made for beams of uniform cross-section, 
which support substantially uniformly distributed loads over three or more 
spans, which do not differ by more than 15 percent of the longest span 
length, the design bending moments and design shear forces may be 
estimated using the coefficients given in Tables 21 and 22, respectively.  The 
coefficients given in Table 21 shall be multiplied by ὡὰ to obtain the design 
bending moments, and those given Table 22 shall be multiplied by ὡ to 
obtain the design shear forces, where W is the total design load on the span 

and ὰ the effective span, or such other restraining moment as may be 
shown to be applicable.  

3) For moments at supports where two unequal spans meet or when the spans 
are not equally loaded, the average of the two values for the negative 
moments at the support may be taken for design.  Where coefficients given 
in Table 21 are used for estimation of bending moments, redistribution shall 
not be permitted. 

4) Where a member is built into a masonry wall that offers only a partial 
restraint, the member shall be designed to resist a negative moment of 
ὡὰȾςτ at the face of the support.  For such a condition, the coefficient given 
in Table 22 to estimate the design shear force at the end support may be 
increased by πȢπυ. 

 
 

Table 21 Design Bending Moment Coefficients  
[Clause 8.6(b)] 

 

Sl No. Type of Load Span Moments Support Moments 

Near 
middle of 
End Span 

At middle 
of Interior 
Span 

At support 
of End 
Span 

At supports  
of Interior 
Span 

(1) (2) (3) (4) (5) (6) 

i) DL and IL 
(Fixed) 

ρ

ρς
 

ρ

ρφ
 

ρ

ρπ
 

ρ

ρς
 

ii) IL (Not Fixed) ρ

ρπ
 

ρ

ρς
 

ρ

ω
 

ρ

ω
 

 
 
 

Table 22 Design Shear Force Coefficients  
[Clause 8.6(b)] 

 

Sl No. Type of 
Load 

At the  
End 
Support 

At Support near the End 
Support 

At Other  
Interior 
Supports Support 

closer to End 
Span 

Support 
farther from 
End Span 

(1) (2) (3) (4) (5) (6) 

i) DL and IL 
(Fixed) 

πȢτπ πȢφπ πȢυυ πȢυπ 
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ii) IL (Not 
Fixed) 

πȢτυ πȢφπ πȢφπ πȢφπ 

 
8.7 Slabs 
 
8.7.1 Rectangular slabs shall be treated as one-way slabs, when they satisfy any of 
the following conditions: 
 
a) They cantilever from only one edge;  
 
b) They are supported on opposite edges; and 
 
c) They are supported on more than two opposite edges, but have a plan aspect 
ratio ὰȾὰ of more than ς. 

 
All other slabs (including circular and polygon plan shaped slabs supported on all 
edges, or at a point in the centre) shall be treated as two-way slabs. 
 
8.7.2 Solid Slabs 

 
The provisions of 8.6 for beams apply to slabs also.  In addition, the provisions 
provided hereunder are applicable. 

 
8.7.2.1 One-way slabs 
 
Slabs spanning in one direction and continuous over supports shall be treated as a 
one-way slab, and analysed according to the provisions applicable to continuous 
beams. 

 
8.7.2.2 Two-way slabs 

 
When the load on the slab is transferred to supports are perpendicular to each other 
in plan or when there are only two supports but on opposite edges of the slab, which 
are not parallel to each other, the slab shall be treated as a two-way slab. 
8.7.2.3 Slabs monolithic with supports 

 
Slabs (except flat slabs) constructed monolithically with supports shall be analysed by 
taking such slabs either as continuous over the supports and capable of free rotation, 
or as members of a continuous system with the supports, taking into account the 
stiffness of such supports. If such supports are formed due to beams that justify fixity 
at the support of slabs, then the effects on the supporting beam, such as bending of 
the web in the transverse direction of the beam and twisting about the longitudinal 
direction of the beam, wherever applicable, also shall be considered in the analysis of 
the beam. 

 
For the purpose of estimation of moments in slabs in a monolithic structure, it will be 
sufficiently accurate to assume that members connected to the ends of such slabs are 
fixed in position and direction at the far ends from their connections with the slabs. 

 
8.7.2.4 Slabs carrying concentrated load 
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If a solid slab supported on two opposite edges, carries concentrated loads, the 
maximum bending moment caused by the concentrated loads shall be assumed to be 
resisted by an effective width ὦ of slab (measured parallel to supporting edge) given 
by: 

 
a) For a single concentrated load, the effective width ὦ shall be estimated as: 

ὦ Ὧὼρ ὥ ὦ    

where 
ὥ  =  width of contact area of concentrated load from nearer support measured 

parallel to supported edge; 
ὦ  =  actual width of the slab; 
Ὧ  = constant as per Table 23, as a function of ὦȾὰ,  
ὼ  = distance of centroid of concentrated load from the nearer support, and 
ὰ = Effective span. 

 
When the concentrated load is placed near the unsupported edge of a slab, ὦ 
shall be estimated as: 

ὦ άὭὲὯὼρ ὥȠὦȠ πȢυὯὼρ ὥ ώ  

where ώ is the distance of the concentrated load from the unsupported edge. 
 

Table 23 Ὧ for Simply Supported and Continuous Slabs 
[Clause 8.7.2.4(a)] 

 
 

ὦȾὰ 
Ὧ 

Simply supported 
slab 

Continuous slab 

0.1 0.40 0.40 

0.2 0.80 0.80 

0.3 1.16 1.16 

0.4 1.48 1.44 

0.5 1.72 1.68 

0.6 1.96 1.84 

0.7 2.12 1.96 

0.8 2.24 2.08 

0.9 2.36 2.16 

1.0 2.48 2.24 

1.1 2.58 2.29 

1.2 2.64 2.36 

1.3 2.72 2.40 

1.4 2.78 2.45 

1.5 2.84 2.49 

1.6 2.88 2.53 

1.7 2.92 2.56 

1.8 2.96 2.58 

0.9 2.99 2.60 

²2.0 3.00 2.60 
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b) For two or more concentrated loads placed in a line in the direction of the span, 
the bending moment per meter width of slab shall be calculated separately for 
each load according to its appropriate ὦ of slab estimated as in (a), and added 
together for design calculations. 

 
c) For two or more concentrated loads placed not in a line in the direction of the 
span, if ὦ of slab owing one load does not overlap with ὦ of slab owing to 
another load (both estimated as in (a) above), then the slab for each load can 
be designed separately. If ὦ of slab of one load overlaps with that of the 
adjacent load, the overlapping portion of the slab shall be designed for the 
combined effect of the two loads. 

 
d) For cantilever solid slabs, ὦ shall be estimated as: 

ὦ ρȢςὥ ὥ
ὰ

σ
 

where  
ὥ = Distance of concentrated load from face of the cantilever support,  
ὥ = Width of contact area of concentrated load measured parallel to 

supporting edge, and 
ὰ  = Length of cantilever slab measured parallel to fixed edge. 

When the concentrated load is placed near the unsupported edge of a 
cantilever slab, eb  shall be estimated as: 

ὦ άὭὲρȢςὥ ὥȠ Ƞ πȢυὯὼρ ὥ ώ   

where ώ  is the distance of the concentrated load from the extreme end 

measured in the direction parallel to the fixed edge. 
 

e) For slabs other than solid slabs, ὦ shall depend on the ratio of transverse and 
longitudinal flexural rigidities of the slab.  Where this ratio is close to 1.0, ὦ 
estimated for solid slabs may be used. And, as this ratio decreases, 
proportionately smaller value shall be taken. 

 
f) Any other recognized method of structural analysis may be used for slabs with 
the approval of the engineer-in-charge, as an alternative to the values specified 
above. 

 
8.7.2.5 Slabs spanning in two directions at right angles 

 
The bending moments in slabs spanning in two directions at right angles shall be 
analysed by: 

 
a) Any acceptable theory or by using coefficients given in Tables 24, 25 and 26, 
when carrying uniformly distributed load, and  

 
b) Any acceptable method approved by engineer-in-charge, when carrying 
concentrated load. 
 

When ὰȾὰ ς, the slabs shall be designed as one way slabs, else as two way slabs. 
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8.7.2.6 Analysis of two way slabs 
 

a) Two Way Slabs restrained against torsion at corners 
 
When the corners of a slab are prevented from lifting, the coefficients of bending 
moment in the slab shall be estimated as specified hereunder. 
 
1) Maximum bending moments ὓ and ὓ per unit width and maximum shear 

force ὠ and ὠ per unit width along shorter and longer spans, respectively, 

for the nine cases of continuity (see Fig. 6) of the edges of rectangular slabs 
shall be estimated as: 

 
ὓ ‌ύὰ 

ὓ ‌ύὰ 

ὠ ‍ύὰ 

ὠ ‍ύὰ 

 
where 
‌ȟ‌  = short and long span bending moment coefficients, respectively, as 

per Table 24;  
‍ȟ‍ = short and long-span shear force coefficients, respectively, as per 

Table 25;  
ύ = total uniformly distributed design load per unit area based on load 

combinations specified in Table 2; and 
ὰȟὰ  =  lengths of shorter and longer spans, respectively [Fig. 5(a)]. 

 

 
 

FIG. 6 NINE CASES OF CONTINUITY OF SLABS 
 

2) Slabs shall be considered in each direction to be composed of middle strips 
and edge strips (see Fig. 7); the middle strip is three-quarters of the width 
and each edge strip one-eighth of the width.  

3) The maximum moments estimated in 8.7.2.6(a)(1) above shall apply only to 
middle strips, and no redistribution shall be made. 

4) When support moments estimated using Table 24 for adjacent panels differ 
significantly, the following procedure shall be adopted to adjust them: 
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i) Estimate total moment as the sum of mid-span moment and average of 
support moments (neglecting signs) for each panel. 

ii) Treat the value from (i) above as fixed end moments. 
iii) Distribute the fixed end moments across the supports in proportion to 
relative stiffness of adjacent spans, and arrive at new support moments. 

iv) Estimate new mid-span moment in a span as total moment of that span 
obtained in (i) above minus smaller of new support moments obtained in 
(iii) above of that span (neglecting signs). 

 
5)  If the resulting new support moments are significantly greater than those 
from Table 24, the tension steel over the supports shall be extended further, 
as given below: 
 
i) Consider the span moment to be varying parabolically between 
supports, with the maximum value as new mid-span moment obtained 
in 8.7.2.6(4)(iv); and 

ii) Determine the points of contra-flexure of the new support moments 
(obtained from (iii) above] with the total moment [obtained from 
8.7.2.6(4)(i)). 

 
Table 24 Bending Moment Coefficients for Rectangular Slab Panels Supported 

on Four Sides with Provision for Torsion at Corners 
[Clause 8.7.2.6(a)] 

 
 
 
 

Case 

 
 
 
Moment considered 

Short Span Coefficient ‌ ‌  

xy ll  All ὰȾ ὰ 

1.00 1.10 1.20 1.30 1.40 1.50 1.75 2.00 

1. Interior Panels 

Negative moment at continuous edge  0.032 0.037 0.043 0.047 0.051 0.053 0.060 0.065 0.032 

Positive moment at mid-span 0.024 0.028 0.032 0.036 0.039 0.041 0.045 0.049 0.024 

2. One Short Edge Discontinuous 

Negative moment at continuous edge 0.037 0.043 0.048 0.051 0.055 0.057 0.064 0.068 0.037 

Positive moment at mid-span 0.028 0.032 0.036 0.039 0.041 0.044 0.048 0.052 0.028 

3. One Long Edge Discontinuous 

Negative moment at continuous edge 0.037 0.044 0.052 0.057 0.063 0.067 0.077 0.085 0.037 

Positive moment at mid-span 0.028 0.033 0.039 0.044 0.047 0.051 0.059 0.065 0.028 

4. Two Adjacent Edges Discontinuous 

Negative moment at continuous edge 0.047 0.053 0.060 0.065 0.071 0.075 0.084 0.091 0.047 

Positive moment at mid-span 0.035 0.040 0.045 0.049 0.053 0.056 0.063 0.069 0.035 

5. Two Short Edges Discontinuous 

Negative moment at continuous edge 0.045 0.049 0.052 0.056 0.059 0.060 0.065 0.069 0.045 

Positive moment at mid-span 0.035 0.037 0.040 0.043 0.044 0.045 0.049 0.052 0.035 

6. Two Long Edges Discontinuous 

Negative moment at continuous edge - - - - - - - - - 

Positive moment at mid-span 0.035 0.043 0.051 0.057 0.063 0.068 0.080 0.088 0.035 

7. Three Edges  Discontinuous ï One Long Edge Continuous 

Negative moment at continuous edge 0.057 0.064 0.071 0.076 0.080 0.084 0.091 0.097 0.057 

Positive moment at mid-span 0.043 0.048 0.053 0.057 0.060 0.064 0.069 0.073 0.043 

8. Three Edges Discontinuous ï One Short Edge Continuous 

Negative moment at continuous edge - - - - - - - - - 

Positive moment at mid-span 0.043 0.051 0.059 0.065 0.071 0.076 0.087 0.096 0.043 

9. Four Edges Discontinuous 

Negative moment at continuous edge - - - - - - - - - 
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Positive moment at mid-span 0.056 0.064 0.072 0.079 0.085 0.089 0.100 0.107 0.056 

 
 

Table 25 Shear Force Coefficients for Rectangular Slab Panels Supported on 
Four Sides with Provision for Torsion at Corners 

[Clause 8.7.2.6(a)] 
 

 
 
 

Case 

 
 
 
Moment considered 

Short Span Coefficient ‍ ‍ 

ὰȾὰ All  
ὰȾὰ 1.00 1.10 1.20 1.30 1.40 1.50 1.75 2.00 

1. Interior Panels 

Continuous Edge 0.33 0.36 0.39 0.41 0.43 0.45 0.48 0.50 0.33 

2. One Short Edge Discontinuous 

Continuous Edge 0.36 0.39 0.42 0.44 0.45 0.47 0.50 0.52 0.36 

Discontinuous Edge - - - - - - - - 0.24 

3. One Long Edge Discontinuous 

Continuous Edge 0.36 0.40 0.44 0.47 0.49 0.51 0.55 0.59 0.36 

Discontinuous Edge 0.24 0.27 0.29 0.31 0.32 0.34 0.36 0.38 - 

4. Two Adjacent Edges Discontinuous 

Continuous Edge 0.40 0.44 0.47 0.50 0.52 0.54 0.57 0.60 0.40 

Discontinuous Edge 0.26 0.29 0.31 0.33 0.34 0.35 0.38 0.40 0.26 

5. Two Short Edges Discontinuous 

Continuous Edge 0.40 0.43 0.45 0.47 0.48 0.49 0.52 0.54 - 

Discontinuous Edge - - - - - - - - 0.26 

6. Two Long Edges Discontinuous 

Continuous Edge - - - - - - - - 0.40 

Discontinuous Edge 0.26 0.30 0.33 0.36 0.38 0.40 0.44 0.47 - 

7. Three Edges  Discontinuous ï One Long Edge Continuous 

Continuous Edge 0.45 0.48 0.51 0.53 0.55 0.57 0.60 0.63 - 

Discontinuous Edge 0.30 0.32 0.34 0.35 0.36 0.37 0.39 0.41 0.29 

8. Three Edges Discontinuous ï One Short Edge Continuous 

Continuous Edge - - - - - - - - 0.45 

Discontinuous Edge 0.29 0.33 0.36 0.38 0.40 0.42 0.45 0.48 0.30 

9. Four Edges Discontinuous 

Discontinuous Edge 0.33 0.36 0.39 0.41 0.43 0.45 0.48 0.50 0.33 

 
b) Two Way Slabs not restrained against Torsion at corners (Simply Supported 
Slabs) 
 
When the corners of a slab are not prevented from lifting, the slab shall be 
designed as specified hereunder. 
 
1) When simply supported slabs do not have adequate provision to resist 
torsion at corners and to prevent the corners from lifting, the maximum 
bending moments ὓ and ὓ per unit width in a slab spanning along shorter 

and longer spans, respectively, shall be estimated as: 
ὓ ‌ύὰ 

ὓ ‌ύὰ 

where 
‌ȟ‌  = short and long span bending moment coefficients, respectively, as 

per Table 26;  
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ύ = total uniformly distributed design load per unit area based on load 
combinations specified in Table 2; and 

ὰȟὰ  =  lengths of shorter and longer spans, respectively [Fig. 5(a)]. 

  
 

 

 
 

 
FIG. 7 MIDDLE AND EDGE STRIPS OF A SLAB FOR BENDING ALONG: (A) X-

DIRECTION, AND (B) Y-DIRECTION 
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Table 26 Bending Moment Coefficients for Rectangular Slab Panels Simply-
Supported on Four Sides 
[Clause 8.7.2.6(b)] 

 

ὰȾὰ 1.0 1.1 1.2 1.3 1.4 1.5 1.75 2.0 2.5 3.0 

‌ 0.062 0.074 0.084 0.093 0.099 0.104 0.113 0.118 0.122 0.124 

‌  0.062 0.061 0.059 0.055 0.051 0.046 0.037 0.029 0.020 0.014 

 
8.7.3 Ribbed, Hollow or Voided Slabs 
 
The bending moments and shear forces due to design loads on continuous slabs 
shall be obtained by the rigorous method specified in 9.3.3.1(e). 
 
8.7.4 Flat Slabs 
 
8.7.4.1 General 
 
a) The coefficients given hereunder are for slabs subjected to gravity loads only.  
Values provided hereunder cannot be added numerically with those obtained 
by other methods of analysis.  The effects of lateral loads on flat slabs shall be 
estimated by detailed nonlinear analysis (using hybrid analysis specified in 
8.1.2.1). 

 
b) The term flat slab means a RC slab without beams or with beams not meeting 
the requirements of ὰȾὨ ratio specified in 8.7.4, but with or without drops, which 
is supported by columns with or without flared column heads or capitals (Fig. 
8). It may be solid slab or may have recesses formed on the soffit, so that the 
soffit comprises a series of ribs in two directions. The recesses may be formed 
by removable or permanent filler blocks.   

 
c)  For the purpose of this clause, the following definitions shall apply: 

 
1) Column strip ï a strip of slab having a width of πȢςυὰ, but not greater than 
πȢςυὰ on each side of the column centreline, where ὰ is the span in the 
direction moments are being determined, measured centre to centre of 
supports and ὰ the span transverse to ὰ measured centre to centre of 
supports. 

2) Middle strip ï a strip of slab bounded on each of its opposite sides by the 
Column Strip. 

3) Panel strip ï a part of a slab bounded on each of its four sides by the 
centreline of a column, or centrelines of adjacent spans. 
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FIG. 8 DIFFERENT GEOMETRIES OF FLAT SLABS: (A) SLAB WITHOUT DROP AND COLUMN 

WITHOUT COLUMN HEAD, (B) SLAB WITHOUT DROP AND COLUMN WITH COLUMN 
HEAD, AND (C) SLAB WITH DROP AND COLUMN WITH COLUMN HEAD 

 
8.7.4.2 Geometric proportioning  

 
a)  Thickness of flat slab 

 
1)  The minimum thickness of slab shall be 125 mm.  The thickness of a flat 
slab shall be controlled by considerations of span to effective depth ratios 
given by 9.2.3.1.  

2)  For slabs with drops conforming to 8.7.4.2(b), the ratios of longer span to 
effective depth given in 9.2.3.1 shall be applied directly, else the ratios shall 
be multiplied by πȢω. For this purpose, only the longer span shall be 
considered.  

 
b)  Drop 

 
When drops are provided, they shall be rectangular in plan, and have a length 
in each direction not less than one-third of the panel length in that direction. For 
exterior panels, the width of drops at right angles to the non-continuous edge 
and measured from the centreline of the columns shall be equal to one-half the 
width of drop for interior panels. 

 
c)  Column heads 

 
When column heads or capitals are provided, the portion of a column head that 
lies within the largest right circular cone or pyramid that has a vertex angle of 
90Á and can be included entirely within the outlines of the column and the 
column head, shall be considered for design purposes (see Fig. 8). 

 
8.7.4.3 Determination of bending moment 

 
a)  Methods of analysis  
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Flat slab systems shall be analysed by the computer-based finite element 
method.  In the absence of results from such detailed analysis, it shall be 
permissible to analyse such systems by one of the following methods: 
 
1) The direct design method as specified in (8.7.4.4) and 
2) The equivalent frame method as specified in (8.7.4.5) 
 
subject to the limitations of the methods mentioned therein. 

 

b)  Bending moments in panels with marginal beams 
 
When the slab is supported by a marginal beam of depth more than 1.5 times 
the thickness of the slab or by a wall, then: 
 
1) The total load to be carried by the beam or wall shall comprise those loads 
applied directly on the wall or beam plus a uniformly distributed load equal 
to one-quarter of the total load on the slab, and  

2) The bending moments on the half-column strip adjacent to the beam or wall 
shall be one-quarter of the bending moments for the first interior column 
strip. 

  
c) Transfer of bending moments to columns 

‌
ρ

ρ
ς
σ
ὥ
ὥ

 

where  
ὥ =  Overall dimension of the critical section for shear in the direction 

perpendicular to the axis about which moment acts, and 
ὥ =  Overall dimension of the critical section for shear in the direction of the 

axis about which moment acts (see Fig. 9). 
 
For resisting the bending moment arising in the slab, a slab width between lines 
that are ρȢυὈ on each side of the column or capital shall be considered effective, 
where Ὀ is the larger of: (i) thickness of slab, (ii) thickness of drop panel, or (iii) 
width of column resisting the bending moment. Concentration of reinforcement 
over column head by closer spacing or additional reinforcement may be used 
to resist the bending moment at this section. 
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FIG. 9 GEOMETRY AT TRANSFER OF UNBALANCED BENDING MOMENT FROM FLAT SLAB TO 
COLUMN; THIS IS APPLICABLE FOR TRANSFER OF UNBALANCED BENDING MOMENT FROM 

FOOTING TO COLUMN ALSO 
 
8.7.4.4 Direct design method 
 
a)  The direct design method shall be used to analyse and design flat slab 
structural system only when the flat slab system fulfils the following conditions: 
 
1) The structure is subjected to gravity loads that are uniformly distributed over 
the panels.  When the system is required also to resist lateral loads arising 
from wind, earthquake ground shaking, blast, impact or other lateral load 
actions, additional RC structural walls or other bracing elements shall be 
provided in the structure.  And, such elements providing basic lateral 
resistance to the structure shall be designed to resist the entire design 
lateral load given by 6.4. 

2) There shall be at least three continuous spans in each direction. 
3) The lengths of successive spans in each direction do not differ by more than 
one-third of longer span length; end spans may be shorter but not longer 
than interior spans. 

4) The panels shall be rectangular, and the ratio of longer span length to 
shorter span length within a panel shall not be greater than 2.0. 

5) Columns are not offset from the grid lines by more than 10 percent of the 
span length in the direction of the offset, notwithstanding the provision in (b) 
above; and 

6) The design live load shall not exceed three times the design dead load. 
 
b)  The following steps shall be followed:  
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1)  Determine total design moment ὓ of a span (that is, the isostatic moment 
of a simply supported span) along each direction.  The absolute sum of the 
positive and average negative bending moments in each direction, 
determined for a strip bounded laterally by the centreline of the panel on 
each side of the centreline of the supports, shall be taken as: 

ὓ
ὡὰ

ψ
 

where 
ὡ = design load on area ὰὰ; 
ὰ =  clear span extending from face to face of columns, capitals, brackets 

or walls, but not less than 165.0 l ; 

ὰ = centre to centre length of span in the direction of ὓ; and  
ὰ = centre to centre length of span transverse to ὰ. 

 
While determining ὓ, the following need to be considered: 
i) Circular supports shall be treated as square supports of the same 
area. 

ii) When the transverse span of the panels on either side of the 
centreline of supports varies, ὰ shall be taken as the average of the 
transverse spans. 

iii) When an exterior panel is being considered, the distance from the 
exterior edge to the centreline of panel shall be substituted for ὰ in 
calculation of ὓ. 

 
2)  Determine negative and positive design moments of a span, as fractions of 
ὓ, along each direction. 
 
i)  In an interior span, the design negative moment ὓ  (considered to act 
at the face of rectangular supports, or circular supports treated as square 
supports having the same area) and design positive moment ὓ  
(considered to act at the mid-span) shall be distributed in the following 
proportion: 

ὓ πȢφυὓ, and 

ὓ πȢσυὓ. 
And, in an exterior span, the design negative moments ὓ   and 
ὓ   (considered to act at the face of rectangular supports, or 
circular supports treated as square supports having the same area) at 
the exterior and interior supports, and design positive moments ὓ  
(considered to act at the mid-span) shall be distributed in the following 
proportion: 

ὓ  

πȢφυ

ρ
ρ
‌

 

ὓ  πȢχυ
πȢρπ

ρ
ρ
‌

 

ὓ πȢφσ
πȢςψ

ρ
ρ
‌
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where ‌, the ratio of flexural stiffness of exterior columns to that of the 
slab at a joint taken in the direction moments are being determined, is 
given by: 

‌
В ὑ

ὑ
 

in which ὑ is the flexural stiffness of column Ὥ meeting at the joint and 
ὑ the  flexural  stiffness of  the  slab, expressed  as  moment per unit 
rotation. 

ii) These design moments can be modified by up to 10 percent, so long as 
sum of the modified values of ὓ  , ὓ   and ὓ  of the panel 
in the direction considered is not less than the corresponding total design 
moment ὓ specified above. 

iii) When the negative moments at an interior support are different from the 
two spans framing into it, the section shall be designed to resist the 
larger of the two interior negative design moments, unless an analysis is 
made to distribute the unbalanced moment in accordance with the 
stiffness of the adjoining parts. 

 
2)  Apportion negative and positive design bending moments to column strips 
and middle strips across the panel width, along each direction. 

 
3) The bending moments at the critical (support or mid-span) cross-section 
shall be distributed to the column and middle strips as specified in 
9.2.5.1(c)(1). 

 
4) Determine moments in columns 

 
i)  Columns built integrally with the flat slab system shall be designed to 
resist moments arising from loads on the slab system.   

ii)  Unless a general analysis is made, at an interior support, the column 
members above and below the flat slab together shall be designed to 
resist total design moment ὓ for the column given by: 

ὓ πȢπψ
ύ πȢυύ ὰὰ ύ ὰὰ

ρ
ρ
‌

 

where 
ύ , ύ  = design dead and imposed loads per unit area, respectively; 
ὰ = length of span transverse to the direction of ὓ; 
ὰ       = length of clear span in the direction of ὓ measured between 

the face of supports; 
‌ = factor specified in 8.7.4.4(b)(2); and 

ύ , ὰ and ὰ refer to the loading and spans of the shorter span.  
ὓ shall be distributed to the column sections above and below the flat 
slab in proportion to their stiffness. 

 
c) Effects of Pattern Loading 

 
When the ratio of imposed load to dead load exceeds πȢυ: 
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1) The sum of flexural stiffness of columns above and below the flat slab, 

В ὑ shall be such that ‌ is not less than the minimum value  

‌ȟ  specified in Table 27; or 

2) If В ὑ does not satisfy (1) above, the positive design moments of the 

panel shall be multiplied by the coefficient ‍ given by: 

‍ ρ
ς
ύ
ύ

τ
ύ
ύ

ρ
‌

‌ȟ
 

 
Table 27 Minimum Permissible Values of ‌ȟ  

[Clause 8.7.4.4 (b)(2)] 
 

ύ

ύ
 

ὰ

ὰ
 

‌ȟ  

0.5 0.5 to 2.0 0.0 

1.0 0.50 0.6 

0.80 0.7 

1.00 0.7 

1.25 0.8 

2.00 1.2 

2.0 0.50 1.3 

0.80 1.5 

1.00 1.6 

1.25 1.9 

2.00 4.9 

3.0 0.50 1.8 

0.80 2.0 

1.00 2.3 

1.25 2.8 

2.00 3.0 

 
8.7.4.5 Equivalent frame method 
 
The method shall be used when the flat slab system does not meet the requirements 
laid down for the use of the direct design method or when the structure having the flat 
slab is required to resist lateral loads.  

 
a) Assumptions 

 
The bending moments and shear forces in a flat slab system may be 
determined by this method, which considers the building with flat slab system 
as a continuous 3-dimensional frame model and makes the following 
assumptions: 
 
1) The building is made up of equivalent frames with vertical and horizontal 
members at all levels.  Each frame consists of a row of equivalent columns, 
bounded laterally by the centreline of the panel on each side of the 
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centreline of the columns.  Frames adjoining an exterior panel are bounded 
by the edge and the centreline of the adjoining panel. 

2) Each such planar frame is analysed in its entirety, for vertical loading alone. 
Each floor thereof and the roof, is analysed separately with its columns 
assumed fixed at their remote ends.  When slabs are analysed separately 
to determine the bending moment at a given column, the slab is fixed at a 
support two panels distant there from, provided the slab continuous beyond 
the point. 

3) When determining relative stiffness of members, the moment of inertia of a 
slab or column may be assumed to be that of the gross cross-section of the 
concrete alone. 

4) Variations of moment of inertia along the axis of the slab owing to provision 
of drops is considered.  In a recessed or coffered slab, which is made solid 
in the region of the columns, the stiffening effect may be ignored, provided 
the solid part of the slab does not extend more than πȢρυὰ, into the span 
measured from the centreline of the columns. The stiffening effect of flared 
column heads is ignored. 

 
b) Loading pattern 

 
1) When the loading pattern is known, the structure shall be analysed for the 
load concerned. 

2) When imposed load/dead load ratio is variable, but does not exceed 0.75, 
or the nature of the imposed load is such that all panels are loaded 
simultaneously, the maximum moments shall be assumed to occur at all 
sections when full design imposed load is on the entire slab system. 

3) For other conditions of imposed load/dead load ratio and when all panels 
are not loaded simultaneously, 
i) Maximum positive moment near mid-span of a panel shall be assumed 
to occur when three-quarters of full design imposed load is on the panel 
and on alternate panels thereafter; and 

ii) Maximum negative moment in the slab at a support may be assumed to 
occur when three-quarters of full design imposed load is on the adjoining 
panels only. 

4)  In no case shall the design moment be taken to be less than those occurring 
with full design imposed load on all panels. 

 
c) Negative design moment 

 
1)  At an interior support, the critical section for negative moment, in both 
column strip and middle strip, shall be taken at the face of rectilinear 
supports, but in no case at a distance greater than πȢρχυ ὰ from the centre 
of the column, where ὰ is the length of the span in the direction moments 
are being determined, measured centre-to-centre of supports.  

2) At an exterior support provided with bracket or capital, the critical section for 
negative moment in the direction perpendicular to the edge shall be taken 
at a distance from the face of the bracket or capital not greater than one-
half the projection of the bracket or capital beyond the face of the bracket or 
capital.  
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3)  Circular or regular polygon shaped bracket or capital shall be treated as 
square bracket or capital having the same area. 

 
d)  Modification of Maximum Moment   

 
Moments determined above may be reduced in such proportion that the 
numerical sum of the positive and average negative moments is not less than 
the value of total design moment ὓ specified in 8.7.4.4. 

 
e)  Distribution of bending moment across the panel width   

 
1) The column strip shall be designed to resist: 

 
i) 75 percent of total negative moment in the panel at that support, at an 
interior support; and 

ii) 100 percent of total negative moment in the panel at that support, at an 
exterior support.  Where the exterior support consists of a column or a 
wall extending for a distance equal to or greater than πȢχυὰ, where ὰ is 
the length of span transverse to the direction moments considered, the 
exterior negative moment shall be considered to be uniformly distributed 
across the length ὰ. 

iii) 60 percent of total positive moment in the panel. 
 
2) The middle strip shall be designed to resist the following: 

 
i) That portion of the total design moment ὓ not resisted by the column 
strip. 

ii) The sum of the moments assigned to its two half middle strips. 
iii) The middle strip adjacent and parallel to an edge supported by a wall 
shall be designed to resist twice the moment assigned to half the middle 
strip corresponding to the first row of interior columns. 

 
8.8 Columns and Struts 
 
8.8.1 Definitions  
 
A column shall have axial stress Ὢ more than πȢρὪ under design loads arising out 
of any load combination specified in 6.4.  Depending on slenderness ratio ὒ ȾὈ  or 
ὒ Ⱦὦ, columns shall be classified as: 
 

a) Pedestal, when both  and  are less than or equal to 3 

b) Short column, when  and  are less than or equal to 12 and more than 3 in 

atleast one direction 

c) Long column, when either  or  is more than 12 

where 
ὦ = Cross-section dimension perpendicular to the minor axis, 

Ὀ  = Cross-section dimension perpendicular to the major axis, 
ὒ  = Effective length when bending about the major axis, and 
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ὒ  = Effective length when bending about the minor axis. 
 

A strut shall have only axial compressive stress axf  (and no bending stresses) under 

design loads arising out of any load combination specified in 6.4.  
 
8.8.2 Effective Length of Compression Members 
 
In the absence of more exact analysis based on detailed geometric nonlinear analysis 
of the whole structure as per principles of mechanics, the effective lengths ὒ  and ὒ  
of a compression member (namely concrete columns, beam-columns and walls) for 
bending about its major and minor axes, respectively, shall be estimated by either 
generalized method or prescriptive method under the action of loads corresponding to 
the basic load combinations specified for strength criteria in Table 2. 
 
8.8.2.1 Generalized method 
 
The effective length ὒ of a compression member shall be estimated by the following 
procedure: 

 
a) Estimate normalized rotational restraints factor ‎ and ‎ at the member ends 
and normalized translational restraint factor Ὕ using: 

‎
ρ

ρ Ὑ
 

‎
ρ

ρ Ὑ
 

Ὕ
ὝὝȾὝ Ὕ

ὉὍȾὒ
 

where 

Ὑ
ὓȾ—

ὉὍȾὒ
 

Ὑ
ὓȾ—

ὉὍȾὒ
 

Ὕ
ὠ ὠ Ⱦὺ

ὉὍȾὒ
 

Ὕ
ὠ ὠ Ⱦὺ

ὉὍȾὒ
 

wherein 
ὓ = bending moment induced at the top of the compression member, 
ὓ = bending moment induced at the bottom of the compression member, 
—  = rotation induced at the top of the compression member, 

—  = rotation induced at the bottom of the compression member, 
ὠ  = shear force induced in the structure in the storey in which the effective 

length of the member is being estimated, 
ὠ  = shear force induced at the top of the compression member in the storey 

in which the effective length is being estimated, 
ὠ  = shear force induced at the bottom of the compression member in the 

storey in which the effective length is being estimated, 
ὺ  =  lateral translation induced at the top of compression member, and 
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ὺ  =  lateral translation induced at the bottom of the compression member. 
 
These stress resultants and deformations shall be those corresponding to the 
basic load combination as given in Table 2. 
 

c) Read the effective length factor Ὧ from Fig. 10 to 15, using ‎, ‎ and Ὕ 
estimated in (a) above, and the shear deformation factor ‍ as:  
 

‍
ρςὉὍȾὒ

ὋὃȾὒ
 

where 
Ὁ  =  Modulus of elasticity of concrete as specified in 7.1.4.1,  

Ὃ = Shear modulus of concrete = ὉȾςρ ’, where ’ is Poissonôs ratio 
as specified in 7.1.4.2,  

ὃ=    Effective area of the cross-section as specified in 8.2.1.1,  
Ὅ = Effective second moment of area of the cross-section as specified 

in 8.2.1.1, and 
ὒ = Unsupported length of the compression member. 

 
c)  Estimate the effective length ὒ as: 

  ὒ Ὧὒ, 
where Ὧ is the effective length factor, and ὒ the unsupported length.  

 
 

 
 (a)  (b) (c)                             

 
 (d)  (e) (f) 

gн 

gн 
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                (g) (h) (i) 

 
 

   (j) (k) (l) 
FIG. 10 k-factor charts considering only flexural deformations forb=0 with non-

dimensional relative translational restraint T of: (a) T=0, (b) T=1, (c) T=2, (d) T=3, 
(e) T=5, (f) T=8, (g) T=10, (h) T=15, (i) T=20, (j) T=30, (k) T=50, and (l) T=100 

 
 (a)  (b) (c)  

 
   
 (d) (e) (f) 

gм gм gм 

gн 

gн 

gн 

gн 

gм gм gм 
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FIG. 11 K-FACTOR CHARTS CONSIDERING BOTH FLEXURAL AND SHEAR DEFORMATIONS FOR

b=1 WITH NON-DIMENSIONAL RELATIVE TRANSLATIONAL RESTRAINT T OF: (A) T=0, (B) 

T=1, (C) T=2, (D) T=3, (E) T=5,  AND (F) T=8 
 

 
 (a)  (b) (c)  

 
   
 (d) (e) (f) 
FIG. 12 K-FACTOR CHARTS CONSIDERING BOTH FLEXURAL AND SHEAR DEFORMATIONS FOR

b=2 WITH NON-DIMENSIONAL RELATIVE TRANSLATIONAL RESTRAINT T OF: (A) T=0, (B) 

T=1, (C) T=2, (D) T=3, (E) T=5,  AND (F) T=8 

 
 (a)  (b) (c)  

 

gн 

gн 

gн 

gн 

gм gм gм 

gм gм gм 
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 (d) (e) (f) 
FIG. 13 K-FACTOR CHARTS CONSIDERING BOTH FLEXURAL AND SHEAR DEFORMATIONS FOR

b=5 WITH NON-DIMENSIONAL RELATIVE TRANSLATIONAL RESTRAINT T OF: (A) T=0, (B) 

T=1, (C) T=2, (D) T=3, (E) T=5,  AND (F) T=8 
 
 

 
  
 (a)  (b) (c)  
FIG. 14 K-FACTOR CHARTS CONSIDERING BOTH FLEXURAL AND SHEAR DEFORMATIONS FOR

b=8 WITH NON-DIMENSIONAL RELATIVE TRANSLATIONAL RESTRAINT T OF: (A) T=0, (B) 

T=1, AND (C) T=2 
 
 
 

 
  
 (a)  (b) (c)  
FIG. 15 K-FACTOR CHARTS CONSIDERING BOTH FLEXURAL AND SHEAR DEFORMATIONS FOR

b=10 WITH NON-DIMENSIONAL RELATIVE TRANSLATIONAL RESTRAINT T OF: (A) T=0, 

(B) T=1, AND (C) T=2 
 
8.8.2.2 Prescriptive method 
 
Only two extreme cases of lateral restraint are considered.  The restraint against sway 
or no-sway shall be determined by evaluating the stability index ὗ specified in 8.2.3. 
This method is applicable only to isolated compression members.  
 

 
 
 
 

gн 

gн 

gм gм gм 

gм gм gм 
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a)  Columns and beam-columns 
 
The effective length ὒ of a column and beam-column shall be estimated as per 
Table 28, where ὒ is the unsupported length of the compression member.  This 
is applicable for isolated member only.  

 
b)  Structural wall 

 
The effective height Ὄ  of a structural wall shall be taken as given below: 

1)  When the stability index ὗ at any storey of the structure is more than πȢπτ, 
the structural wall shall be considered to be unbraced, and 

Ὄ ςὌ 
where 
Ὄ = Height of the structural wall from the base of the structure to the roof. 

2)  When the stability index ὗ at any storey of the structure is 0.04 or less, the 
structural wall shall be considered to be braced, and if 
i)  restrained against rotation at both ends by floors or intersecting walls, 

Ὄ άὭὲπȢχυὌ  ȠπȢχυὒ  
ii)  not restrained against rotation at both ends by floors or intersecting 
walls: 

Ὄ άὭὲὌ  Ƞ ὒ  
where 
Ὄ  = Unsupported height of the structural wall, and 
ὒ  = Horizontal distance between centres of lateral restraint. 

 
Table 28 Effective Lengths of Isolated Compression Members 

[Clause 8.8.2.2.(a)] 
 

Sl 
No.  

End Restraint of Member  Symbol Effective Length ὒ  or ὒ  

End 1 End 2 Theoretical Recommend
ed Translatio

n 
Rotation Translatio

n 
Rotation 

(1) (2) (3) (4) (5) (6) (7) (8) 

i) 
 

Fully 
restrained 

Fully 
restraine
d 

Fully 
restrained 

Fully 
restraine
d 

 
πȢυὒ πȢφυὒ 

ii) Fully 
restrained 

Fully 
restraine
d 

Fully 
restrained 

Not 
restraine
d  

 

πȢχὒ πȢψὒ 

iii) Fully 
restrained 

Not 
restraine
d 

Fully 
restrained 

Not 
restraine
d 

 

ὒ ὒ 

iv) Not 
restrained 

Fully 
restraine
d 

Fully 
restrained 

Fully 
restraine
d 

 
ὒ ρȢςὒ 

v) Not 
restrained 

Fully 
restraine
d 

Fully 
restrained 

Not 
restraine
d 

 
ςὒ ςὒ 

vi) Not 
restrained 

Not 
restraine
d 

Fully 
restrained 

Fully 
restraine
d 

 

ςὒ ςὒ 
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8.9 Redistribution of Moments 
 
Redistribution of bending moments obtained from conventional analysis may be 
carried out only in continuous beams and statically indeterminate moment frames, 
provided the following conditions are satisfied: 
 
a)  Equilibrium between external loads applied and internal forces induced is 
maintained.  

 
b)  After redistribution of bending moments, the following are complied with: 

 
1)  The revised bending moment capacity provided at any section of a member 
is not less than 70 percent when limit state method of design is used (and 
85 percent when allowable stress method of design is used) of the 
numerically largest bending moment demand at that section obtained from 
the linear elastic analysis considering all combinations of loads specified in 
this standard; 

2)  The revised bending moment demand at any section of a member is not 
more than 30 percent when limit state method of design is used (and 15 
percent when allowable stress method of design is used) of the numerically 
largest bending moment demand at that section obtained from the linear 
elastic analysis considering all combinations of loads specified in this 
standard; and 

3) At sections where the revised bending moment capacity provided ὓᶻ after 
redistribution is less than the numerically largest bending moment demand 
ὓ at that section obtained from the linear elastic analysis considering all 
combinations of loads specified in this standard, the following relationship is 
satisfied: 

ὼ

Ὠ

ὓ ὓᶻ

ὓ
πȢφ 

where 
ὼ = Limiting depth of neutral axis at the section, and 
Ὠ = Effective depth at the section; and 

4)  In RC structures with moment frame as the structural system and more than 
4 storeys tall, the fraction ὓ ὓᶻȾὓ is less than 0.10. 

 
c)  No redistribution of moments shall be permitted between beams and columns 
of frame members when: 
1)  Bending moment and shear forces coefficients under gravity loads are taken 
from simplified analysis of continuous beams and statically indeterminate 
moment frames, 

2)  Bending moments at the beam ends are completely released in structural 
analysis, and 

3) Bending moments are estimated by nonlinear analysis. 
 
 

 
 
 
 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

126 

8.10 Deflection and Crack Width in Concrete Members  
 
Deflection and crack width shall be estimated in members under the action of all loads 
envisaged to appear on the structure.  These shall be estimated under the action of 
service level loads acting as per combinations specified in 6.4. 
 

8.10.1 Deflection 
 
The deflection of a member at any time ὸ due to loads applied transverse to it shall be 
estimated as specified hereunder. 
 
8.10.1.1 Beams and slabs 
 
Unless more exact estimates are made, the total transverse deflection ɝ of beams 
under the action of loads corresponding to load combinations to meet serviceability 
criteria specified in load combination as given in Table 3 shall be estimated as: 
 

ɝ ɝ ɝ ȟ ɝ ȟ ɝ  

 
where the respective terms are specified hereunder. The deflection so estimated shall 
not exceed the values given in 9.4.1.1(b).   
 
a)  Short-term deflection ɝ   

 
The short-term deflection due to immediate elastic deformation may be 
estimated by the usual linear elastic methods of deflection using the short-term 
modulus of elasticity of concrete Ὁ given by 7.1.4.1 and an effective moment 
of inertia Ὅ given by: 

Ὅ
Ὅ

ρȢς
ὓ
ὓ

ᾀ
Ὠ
ρ
ὼ
Ὠ
ὦ
ὦ

 

where  
Ὅ  = moment of inertia of the cracked section; 

ὓ  = cracking bending moment of the section =  

ὓ = maximum unfactored design bending moment, 

ᾀ  = lever arm between the centroid of compression area and extreme layer 
of steel, 

Ὠ  = effective depth of the cross-section, 
ὦ  = breadth of the web of the cross-section, 
ὦ  = breadth of the compression face of the cross-section, 
in which  
Ὢ  = modulus of rupture of concrete,  
Ὅ  = gross cross-section about the centroidal axis considering the Modulus of 

concrete for the area corresponding to that of steel reinforcement, and  
ώ  = distance from centroidal axis of gross cross-section (considering the 

Modulus of concrete for the area corresponding to that of steel 
reinforcement) to the extreme face of concrete in tension. 

 
1)  The effective moment of inertia Ὅ shall be taken as bounded by: 
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Ὅ Ὅ Ὅ 

where Ὅ is the gross moment of inertia of the cross-section. 

2)  For continuous beams, the total deflection shall be estimated using the 
equivalent value of Ὅ obtained by the weighted averaging as per: 

Ὅ Ὧ
Ὅ Ὅ

ς
ρ ὯὍ  

where 
Ὅ  = eI  at right support, 

Ὅ  = eI  at left support, 

Ὅ  = eI  at mid-span, and 

Ὧ  = Weighting factor given by Table 29,  
wherein  
ὓ  = bending moment at left support,  
ὓ  = bending moment at right support, 

ὓ ȟ = fixed end moment (due to DL and IL) at left support, and 

ὓ ȟ = fixed end moment (due to DL and IL) at right support. 

 
Table 29 Weighting Factor Ὧ to Estimate Equivalent  Ὅ of the Member 

[Clause 8.10.1.1(a)] 
 

ὓ ὓ

ὓ ȟ ὓ ȟ
 

 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

Ὧ 0 0.03 0.08 0.16 0.30 0.50 0.73 0.91 0.97 1.0 

 
 
b) Long-term deflection ɝ ȟ due to shrinkage 

 
The deflection due to shrinkage may be computed from the following equation: 

ɝ ȟ Ὧ‪ὰ 

where  

Ὧ = 

πȢυππ#ÁÎÔÉÌÅÖÅÒ ÍÅÍÂÅÒÓ                       
πȢρςυ3ÉÍÐÌÙ ÓÕÐÐÏÒÔÅÄ ÍÅÍÂÅÒÓ        

πȢπψφ-ÅÍÂÅÒÓ ÃÏÎÔÉÎÕÏÕÓ ÁÔ ÏÎÅ ÅÎÄ
πȢπφσ&ÕÌÌÙ ÃÏÎÔÉÎÕÏÕÓ ÍÅÍÂÅÒÓ          

 , and 

‪ = shrinkage curvature = Ὧ  , 

wherein 
‐  = ultimate shrinkage strain induced in concrete (as per 7.1.4.5),  
Ὀ   =  overall depth of the concrete member, and  

Ὧ  = 
πȢχς ρȢπ πȢςυ ὴ ὴ ρȢπ

πȢφυ ρȢπ                ὴ ὴ ρȢπ
  

where ὴ and ὴ are the percentages of reinforcing steel on the tension and 
compression faces, respectively, and l is the clear length of the member. 
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c)  Long-term deflection ɝ ȟ due to creep  

 
The creep deflection due to permanent loads may be obtained from the 
following equations: 

ɝ ȟ ɝ ȟ ɝ ȟͺ  

where  
ɝ ȟ  = initial deflection plus creep deflection due to permanent loads 

obtained using elastic analysis with effective modulus of 
elasticity Ὁ  of concrete taken as Ὁ ὉȾρ —, wherein 
Ὁ is given by 7.1.4.1 and q, the creep coefficient, by 7.1.4.4; 

and 
ɝ ȟͺ   = initial deflection due to permanent loads obtained using 

elastic analysis with Ὁ given by 7.1.4.1. 
 

d)  Deflection ɝ  due to temperature effects  
 
The deflection due to temperature effects (due to heat and not fire) may be 
calculated as: 

ɝ Ὧ‪ὰ 
where  

Ὧ = modifier depending on end rotational restraint as given in 
8.10.1.1, 

‪  =  temperature curvature = Ὧ , and 

ὰ =  clear length of the Member. 
wherein 
Ὧ = modifier depending on percentages of tension and compression 

steels as given in 8.10.1.1, 
‐  = design temperature strain imposed on concrete = TDa , and 

Ὀ = overall depth of the concrete member,  
in which 
‌ = coefficient of thermal expansion as per 7.1.4.3, and 
ɝὝ = differential temperature (ÁC) between the top and bottom faces 

of the beam. 
 
8.10.1.2 Columns and walls 
 
The lateral deflections of columns and walls shall be taken as obtained from detailed 
structural analysis of the structure.  
 
8.10.2 Crack Width Calculation for Beams 
 
8.10.2.1 The crack width ύ at the surface of the member shall be estimated as: 

ύ
σὨ‐

ρ
ςὨ ὧ
Ὤ ὼ

 

where  
Ὠ = distance from point considered on the surface to the nearest surface of the 

outermost layer of longitudinal bar, 
‐  = average strain at the level of the outermost layer of longitudinal bar,  
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ὧ = cover to the outermost layer of longitudinal bar,  
Ὤ = overall depth of the member perpendicular to the axis of bending, and 
ὼ = depth of outermost compression face of member from neutral axis at the 

section considered, 
provided that strain in the outermost layer of tension reinforcement is limited to 
πȢψὪȾὉ. 

 
8.10.2.2 The average steel strain ‐ shall be estimated on the basis of the following 
assumptions (see Fig. 16): 
 
a) The concrete and steel are considered to be fully elastic in both tension and in 
compression; 

 
b) The elastic modulus Ὁ (in MPa) of reinforcing steel is as per 7.2.2.1; and 
 
c) The elastic modulus Ὁ (in MPa) of concrete is as per 7.1.4.1 in both 
compression and tension.  

 

 
 
 
FIG. 16 STATE OF STRESS AT THE CRACKED SECTION WHERE CRACK WIDTH IS BEING 
ESTIMATED: (A) SECTION GEOMETRY, (B) STRAIN DISTRIBUTION, AND (C) STRESS 

DISTRIBUTION 
8.10.2.3 Alternatively, ‐ may be approximated on the basis of a cracked section and 
then reduce this by an amount equal to the tensile force generated in concrete divided 
by the steel area.  The tensile force acting over the tension zone in concrete shall be 
estimated from a triangular distribution of stress in concrete, with zero at the neutral 
axis and 1 MPa at the level of the centroid of the tension steel in the short-term and 
0.55 MPa in the long-term.  For a rectangular tension zone, this provides a simple 
expression for ‐: 
 

‐ ‐
ὦὈ ὼ ὥ ὼ

σὨ ὼ Ὁ ὃ
 

 
where 
‐ = strain in steel at the level considered, calculated ignoring the stiffening 

of the concrete in the tension zone,  
ὦ = width of the section at the centroid of the tension steel, 
ὥ = distance from the compression face to the point at which the crack 

width is being calculated 
 = Ὀ ὧ, 
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Ὠ = effective depth of the section 
 = Ὀ Ὠ,  
Ὀ  = total depth of the section,  

Ὁ = modulus of elasticity of tension steel bar, and 
ὃ  = area of tension reinforcement. 

 
 

8.10.3 Temperature Stresses and Deformations 
 
a)  Structural analysis shall be performed by the finite element method to estimate 
the stresses and deformations induced by temperatures arising from the two 
load sub-combinations (given in Table 2) related to temperature: 
1) Temperature ï Ambient Load (TAL) in Set 1 Basic Load Combination: 
 This analysis shall be linear analysis; and  
2)  Temperature ï Fire Load (TFL) in Set 2 Accidental Load Combination 
This analysis shall be nonlinear analysis, considering both material and 
geometric analysis.  
 

b)  In each of the two sets of analyses mentioned in 8.10.3(a), temperature profiles 
across the cross-section of the members shall be considered as per IS 11504. 

 
9 STRUTURAL DESIGN AND DETAIL 
 
a) The aspects of structural design and detail specified hereunder are for 
estimating the design capacities of the members, connections and structure on:  
 
1) strength capacities of members, namely axial force, shear force, bending 
moment and torsional moment capacities, estimated as per 9.3;  

2) overall displacement capacity of the structure, and elastic deformation 
capacities of members, namely deflection and rotation under the action of 
combination of loads given in Table 3, estimated as per 9.6, and IS 13935 
(Part 1) and (Part 5); and 

3) strength capacities of joints and anchorages to transmit forces through 
them, estimated as per 9.3. 

 
b) These design capacities are to be examined against the design demands (such 
as, axial force, shear force, bending moment, torsional moment, displacements, 
drifts and rotations) through structural analysis. 

 
c) With respect to earthquake ground shaking: 

 
1) The capacities of RC members and RC structure to resist effects of 
earthquake ground shaking shall be considered as specified in IS 13920 
(Parts 1 to 11) for different structures. Provisions of the said parts of IS 
13920 shall be complied with in addition to those specified in this standard; 
in case of conflict, provisions of the said parts IS 13920 shall prevail; and 

2) The assessment of the capacity of RC members and the RC structures to 
resist effects of earthquake ground shaking, when required, shall be 
considered as specified in IS 13935 (Parts 1 to 11) for different structures. 
Provisions of the said parts of IS 13935 shall be complied with to strengthen 
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members and the structure when meeting the performance requirements 
laid down as the objective of strengthening of the structure before an 
earthquake or after it is damaged during an earthquake. 

 
d)  In the provisions specified hereunder, the word óbarsô shall mean reinforcing 
steel bars conforming to IS 1786. When bars made of other materials are used, 
detailed experimentation shall be performed to be satisfied with the behaviour 
of members made with such materials, and design calculations suitably 
modified by the designer at the request of the owner and to the satisfaction of 
the competent authority. 

 
9.1 Stability  
 
Under the action of the design characteristic loads, the structure as a whole shall be 
stable against overturning, sliding, floatation, subsidence, elastic and inelastic stability 
of the structure and members.  The stability of a structure shall also be checked for 
the temporary enabling-work structures, which are employed during construction, 
under the action of the realistic loads appearing on them.  Stability of structures is a 
concern, especially when structures rest on sloping ground or flexible soils. In such 
cases, stability shall be checked considering the effects of stability of soil slopes and 
flexibility of soils strata, respectively. 
 
9.1.1 Overturning 
 
a)  A structure deemed to be stable against overturning shall satisfy: 

ὓ ὓ  
where  

ὓ   = unfactored restoring moment that helps in resisting overturning of the 
structure,  

 = πȢωὓ πȢυὓ πȢωὓ , 
in which 

ὓ  = restoring moment due to dead load defined specified in 6.1.1,  

ὓ  = restoring moment due to earth pressure load specified in 6.1.5, if 
any, and  

ὓ  = restoring moment due to characteristic values of resistance 
offered by positive anchorages provided in the structure; and 

ὓ  = factored overturning moment demand that causes overturning of the 
structure as a whole 

 = 
ρȢςὓ ρȢτὓ ρȢυὓ ρȢυὓ 7ÉÎÄ ,ÏÁÄ            

ρȢςὓ ρȢτὓ ρȢυὓ ρȢπὓ %ÁÒÔÈÑÕÁËÅ ,ÏÁÄ
 

in which 

ὓ  = moment demand due to dead load specified in 6.1.1,  

ὓ  = moment demand due to imposed load specified in 6.1.2,  

ὓ  = moment demand due to earth pressure load specified in 6.1.5, 
including the effects of earthquake shaking, when applicable,  

ὓ  = moment demand due to wind load specified in 6.1.3, and 

ὓ  = moment demand due to earthquake load estimated using the 
overstrength lateral force (considering the same ratio of 
distribution of forces along the height as considered in design) 
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given by the respective part of IS 1893 depending on the type of 
the structure. 

 
b) The anchorages or counterweights provided for overhanging members (during 
construction and service stages) shall be such that static equilibrium shall 
remain even when overturning moment is doubled. 

 
 c)  Uplift at column bases 

 
1) Uplift shall not be acceptable in columns resting on individual footings. In 
other foundations, partial uplift may be admitted subject to safe bearing 
capacity not being exceeded as specified hereunder depending on the soil 
types: 
i) Hard soil and rock  : Up to 15 percent area can uplift,  
ii) Medium hard soil  : Up to 10 percent area can uplift, and 
iii) Soft soil    : Not uplift permitted. 

2) When the above requirements are violated, the structural system shall be 
revised to avoid such a condition. The footing of a column under axial 
tension shall be combined with those of other adjoining columns, such that: 
i) the combined footing does not have any uplift, and  
ii) the structure meets all requirements of strength criteria. 

 
9.1.2 Sliding 
 
a) A structure deemed to be stable against sliding, under the most adverse 
combination of the design loads, shall satisfy: 

Ὂ Ὂ  
where  

Ὂ   = Design sliding shear force resistance that helps in resisting sliding of 
the structure as a whole  

 = πȢωὊ Ὂ πȢυὤὊ, 
in which 

Ὂ  = sliding shear force resistance due to dead load specified in 
Table 2,  

Ὂ  = sliding shear force resistance due to characteristic values of 
resistance offered by positive shear keys and positive anchors 
provided in the structure, and 

Ὂ  = sliding shear force resistance (on horizontal surfaces) due to 
vertical earth pressure load specified in Table 2; and 

ὤ = earthquake zone factor as specified in IS 1893 (Part 1); and 
 

Ὂ  = factored sliding shear force demand that causes sliding of the structure 
as a whole 

 = 
ρȢυὊ Ὂ Ὂ Ὂ 7ÉÎÄ ,ÏÁÄ            

ρȢυὊ Ὂ Ὂ Ὂ %ÁÒÔÈÑÕÁËÅ ,ÏÁÄ
 

in which 

Ὂ  = sliding shear force demand due to dead load specified in Table 
2,  
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Ὂ  = sliding shear force demand due to imposed load specified in 
Table 2,  

Ὂ  = sliding shear force demand due to earth pressure load specified 
in Table 3, including the effects of earthquake shaking, when 
applicable,  

Ὂ  = sliding shear force demand due to wind load specified in Table 
2, and 

Ὂ  = sliding shear force demand due to earthquake load specified in 
Table 2, estimated using the overstrength lateral force given by 
the respective part of IS 1893 depending on the type of the 
structure. 

 
b)  The resistance shall be based only on positive mechanisms.  The resisting force 
provided by effects of friction: 
1) shall be ignored when considering earthquake loads on the members in the 
parts of the structure that are above ground, but  

2) may be considered when dealing with foundations and parts of the structure 
that are buried in soil. 

 
9.1.3 Floatation 
 
a) A structure deemed to be stable against floatation shall satisfy: 

ὓ ὓ  
where  
ὓ   = restoring moment that helps in resisting floatation overturning of the 

structure as a whole,  

 = πȢωὓ ὓ , 
in which 

ὓ  = restoring moment due to that part of dead load specified in Table 
2, which accounts for effects of buoyancy force on the structure, 
and 

ὓ  = restoring moment due to characteristic values of resistance 
offered by positive anchorages provided in the structure, when 
provided; and 

ὓ  = overturning moment demand that causes floatation of the structure as 
a whole 

 = 
ρȢςὓ ρȢτὓ ρȢτὓ ρȢυὓ 7ÉÎÄ ,ÏÁÄ            

ρȢςὓ ρȢτὓ ρȢτὓ ρȢπὓ %ÁÒÔÈÑÕÁËÅ ,ÏÁÄ
 

in which 

ὓ  = moment demand that cause floatation due to dead load 
specified in Table 2, considering the reduction in the weight of 
the submerged part of the structure (owing to buoyancy),  

ὓ  = moment demand that cause floatation due to imposed load 
specified in Table 2,  

ὓ  = moment demand that cause floatation due to liquid pressure 
load specified in Table 2, and  

ὓ  = moment demand that cause floatation due to wind load specified 
in Table 2, and  
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ὓ  = moment demand that cause floatation due to earthquake load 
specified in Table 2. 

 
b) The restoring moment provided by imposed load shall be ignored.  
 

9.1.4 Subsidence  
 
The provisions of this standard apply to concrete structures that are rested on 
competent ground.  Subsidence shall be considered when evaluating the competence 
of the ground to hold concrete structures on it without becoming unstable under the 
action of the loads prescribed in 6.  The factors causing subsidence of the ground 
include liquefaction during strong earthquake shaking, asperities (or cavities) in 
ground, either natural or filled ground, and sudden downward movement during lateral 
spreading under strong earthquake shaking. 

 
9.2 Basic Quantities 
 
The initial proportioning of concrete structures and structural design shall be 
performed using quantities and limits specified hereunder. 
 
9.2.1 Effective Dimensions 
 
In the absence of more accurate determination, the provisions given hereunder shall 
be used for the quantities commonly used in structural design. 
 
9.2.1.1 Effective span 
 
a) Beams and slabs  
  
The effective span ὰ of a slab or beam shall be taken as: 
 
 
1) Simply Supported Member  

 ὰ
άὭὲὰ ὨȠ  ὰ .ÏÔ ÂÕÉÌÔ ÉÎÔÅÇÒÁÌÌÙ ×ÉÔÈ ÉÔÓ ÓÕÐÐÏÒÔÓ 

ὰ 2ÅÓÔÉÎÇ ÏÎ ÒÏÃËÅÒ ÁÎÄ ÒÏÌÌÅÒ ÂÅÁÒÉÎÇÓ
  

2) Continuous Member  
a)  When ύ άὭὲὰ ȾρςȠ  φππ ÍÍ  

 ὰ
άὭὲὰ ὨȠ  ὰ .ÏÔ ÂÕÉÌÔ ÉÎÔÅÇÒÁÌÌÙ ×ÉÔÈ ÉÔÓ ÓÕÐÐÏÒÔÓ 

ὰ 2ÅÓÔÉÎÇ ÏÎ ÒÏÃËÅÒ ÁÎÄ ÒÏÌÌÅÒ ÂÅÁÒÉÎÇÓ
  

b) When ύ άὭὲὰ ȾρςȠ  φππ ÍÍ 

ὰ  
 

ừ
ỬỬ
Ừ

ỬỬ
ứ
ὰ                                                       )Î ÅÎÄ ÓÐÁÎ ×ÉÔÈ ÏÎÅ ÅÎÄ ПÉØÅÄ ÁÎÄ ÏÔÈÅÒ    
                                                              ÃÏÎÔÉÎÕÏÕÓȟÏÒ ÉÎ ÔÈÅ ÉÎÔÅÒÍÅÄÉÁÔÅ ÓÐÁÎ    

άὭὲὰ Ƞ  ὰ           )Î ÅÎÄ ÓÐÁÎ ×ÉÔÈ ÏÎÅ ÅÎÄ ПÉØÅÄ ÁÎÄ ÏÔÈÅÒ    

           ÃÏÎÔÉÎÕÏÕÓ            

ὰ                                            2ÅÓÔÉÎÇ ÏÎ ÒÏÃËÅÒ ÁÎÄ ÒÏÌÌÅÒ ÂÅÁÒÉÎÇ            

  

c) Cantilever Member 
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 ὰ
ὰ            !Ô ÔÈÅ ÅÎÄ ÏÆ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÓÐÁÎ 

ὰ !ÌÌ ÏÔÈÅÒ ÃÁÓÅÓ                                      
  

where 
ὰ =  clear distance between supports, 
ὰ    =  distance between centre to centre of supports, 
ὰ    =  distance between free end to centre of support, 
Ὠ      =  effective depth of the member, and 

ύ    =  width of the support. 
 
b)  Staircase  

 
The effective span ὰ of the slab in a staircase (see Fig. 17 and Table 30) that 
has no stringer beams shall be: 
 
ὰ  

ừ
Ử
Ừ

Ử
ứ
ὰ                                               7ÈÅÒÅ ÓÕÐÐÏÒÔÅÄ ÁÔ ÔÏÐ Ǫ ÂÏÔÔÏÍ                 

ÒÉÓÅÒÓ ÂÙ ÂÅÁÍÓ ÓÐÁÎÎÉÎÇ ÐÁÒÁÌÌÅÌ ÔÏ ÒÉÓÅÒÓ

ὰ άὭὲύ ȟ ύ 7ÈÅÒÅ ÓÐÁÎÎÉÎÇ ÏÎ ÔÏ ÅÄÇÅ ÏÆ ÌÁÎÄÉÎÇ          

      άὭὲύ ȟ ύ ÓÌÁÂ ÓÐÁÎÎÉÎÇ ÐÁÒÁÌÌÅÌ ÔÏ ÒÉÓÅÒÓ                        

 

 
where 
 

ὰ   = Centre-to-centre distance between the beams,  
ὰ    = Going of the staircase measured horizontally;  

ύ   = Width of the stair slab,  

ύ ȟ    = Width of the landing at the top end of the stair slab, and 

ύ ȟ     = Width of the landing at the bottom end of the stair slab. 

 
Where spanning on to the edge of a landing slab, which spans in the same 
direction as the stairs, the stair slab shall be considered to act together with the 
landing slabs to form a single slab and the span determined as the centre-to-
centre distance of the beams or walls supporting the slab.  



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

136 

 
 

FIG. 17 A 
 

 
 

FIG. 17 B 
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FIG. 17 C 
 

FIG. 17 EFFECTIVE SPAN OF STAIR SLABS SUPPORTED AT EACH END  
BY LANDING SLABS SPANNING PARALLEL TO THE RISERS 

 
 

Table 30 Effective Span of Stair Slabs Supported at Each End by Landing Slabs 
Spanning Parallel to the Risers 

[Clause 9.2.1.1(b)] 
 

X Y Effective Span (m) 

(1) (2) (3) 

 ρ ά  ρ ά Ὃ  ὢ  ὣ 

 ρ ά  ρ ά Ὃ  ὢ  ρ ά 

 ρ ά  ρ ά Ὃ  ρ ά  ὣ 

 ρ ά  ρ ά Ὃ  ρ ά  ρ ά 

 
 

9.2.1.2 Effective depth 
 
The effective depth Ὠ of a reinforced or prestressed concrete member (other than a 
deep beam) shall be taken as the distance between the centroid of the area of tension 
reinforcement and the outermost fibre on the compression face, excluding the 
thickness of any material not cast monolithically with the member and of any concrete 
provided to allow for wear.  This shall be applicable to slabs, shallow beams, columns 
and structural walls, but not to deep beams and corbels. For deep beams, lever arm 
shall be used instead of effective depth.  
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9.2.1.3 Effective width of flange 
 
Unless determined more accurately, the effective width ὦ   of the flange of a beam 

in a monolithic beam-slab system of a structure shall be taken as: 
 
a) Beam resisting compression in flanged members 

ὦ

ὰ

φ
ὦ φὈ 4 ÂÅÁÍÓ

ὰ

ρς
ὦ σὈ , ÂÅÁÍÓ

 

       ὦ πȢυὰ ὰ                       
 

and of an isolated beam with flange: 

ὦ

ừ
ỬỬ
Ừ

ỬỬ
ứὦ

ὰ

ὰ
ὦ

τ
4 ÂÅÁÍÓ

ὦ
πȢυὰ

ὰ
ὦ

τ
, ÂÅÁÍÓ

 

       ὦ                                                     

where 
 ὦ = actual width of flange, 

 ὦ  = breadth of the web, 
 Ὀ = depth of the flange, 

 ὦ = actual width of the flange of the isolated beam,  

 ὰ = distance between points of zero moments in the beam 
 = 0.7ὰ in members of continuous beams and moment frames, 
 ὰ  = clear distance from web of flanged beam to that of adjoining beam on 

side 1, and 
 ὰ  = clear distance from web of flanged beam to that of adjoining beam on 

side 2, and 
 ὰ = effective span of the flanged beam. 

 
b) For beam resisting tension in flanged members, or beams in structures located 
in earthquake zones IV, V and VI as per IS 1893 (Part 1), ὦ ὦ. 

 
9.2.1.4 Effective height 
 
The effective height of a column or wall shall be taken as per 8.8.2. 
 
9.2.1.5 Nominal Cover  
 
a)  It shall be taken as the clear thicknesses of plain concrete from the exterior 
edge of the concrete member to the nearest exterior surface of the steel, 
namely the distance from the exterior concrete face to the outermost face of the 
nearest: 
 
1)  transverse bars when stirrups, links or ties are used,  
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2) longitudinal bars or prestressing tendon or duct when stirrups, links or ties 
are not used, and 

3) outer face of the coupler, when threaded couplers are used for splicing of 
bars,  

for safe transmission of tension force through bond to concrete. 
 
b)  The nominal cover from strength considerations along any direction from the 
outermost surface of steel to the nearest surface of concrete shall not be less 
than: 
 
1) reinforcing steel bars: 

ρȢυὨ Ὠ ςυ άά
ςȢπὨ Ὠ ςυ άά

 

where Ὠ shall be taken as:  
i)  the diameter of the steel bar, when bars are of the same diameter, 
ii)  the diameter of the largest steel bar, when bars are of different 
diameters, and 

iii)  the equivalent diameter of the group of the longitudinal bars in contact, 
when they are used in a group. 

 
2) prestressing steel tendons or ducts: 
1)  in bonded tendons, 

i)  diameter of largest tendon or sheathing duct, 

ii)  nominal aggregate size plus 10 mm, and 

iii) 75 mm, and  

2)  in unbonded tendons, 

i)  75 mm in beams, and  

ii)  45 mm in slabs. 

 
d) When couplers are used, the stirrups shall not be placed over the couplers.  

 
e) Tolerance on cover shall be taken as specified in 10. 

 
f) Nominal cover in cast in-situ reinforced and prestressed concrete structures 
shall be taken as the largest value based on: 
 
1) strength considerations as per (a) to (e) above, 
2) durability considerations as per 9.5, and 
3) fire resistance considerations as per 9.6.1. 
 
In any case, the minimum values for different types of concrete members shall 
be taken as specified in Table 31. 
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Table 31 Minimum Cover to Reinforcing Bars for Safe Transmission of Bond 
Forces in Concrete Members 

[Clause 9.2.1.5(a)] 
 

Minimum Cover (mm) 

Slabs Beams Waffle slab ribs Columns Walls Footings & Piles 

Concrete Members with Concretes other than High Performance Concrete  

20 25 30 40 
Longitudinal Bar 

35 50 

Concrete Members with 
 Precast Concrete (with QA level 3 (high QA)) or High Performance Concrete  

20 20 25 35 
Longitudinal Bar 

30 45 

 
9.2.1.6 Effective Cover  
 
The effective cover for each layer of bars, tendons or ducts is the distance between 
the centroid of that layer of bars, tendons or ducts and the nearest surface of the 
concrete member, and shall be taken as nominal cover to that layer of bar plus half 
the diameter of: 
 
a) the largest of all bars provided in that layer, and 
 
b) the largest equivalent circular bar in that layer of bars provided as bundled bars 
in that layer. 

 
9.2.2 Absolute Dimensions 
 
The preliminary sizing of concrete members and selection of diameter of steel bars 
shall comply with the sizes specified hereunder. 
 
9.2.2.1 Nominal diameter of steel bars 
 
Where requirements of clear spacing of bars are based on nominal diameter of steel 
bars, the nominal diameter of steel bars shall be taken as diameter of: 
 
a) nominal diameter of the round bar, in a round bar, 
 
b)  an equivalent circular bar of the same axial cross-sectional area effective in 
resisting tension, in ribbed, crimped, bundled and not round bars, and 

 
c)  an equivalent single bar of the same total equivalent area derived using the 
nominal diameter of individual bars, in a group of bars bundled in contact.  

 
9.2.2.2 Sizing of concrete members 
 
The minimum size of concrete members shall be determined based on considerations 
of strength, durability and fire resistance.  The largest of the three values specified 
hereunder shall be adopted in design. 
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a)  Strength Consideration  
 
1) Concrete members shall have at least the minimum sizes specified in Table 
32, with some exemptions in the sizes in small residential buildings that 
comply with the following conditions: 
 
i) building has a maximum of 3 storeys, 
ii) buildings has bay lengths less than 4.5m along each plan directions, 
iii) storey height in any storey is less than 3.5m, 
iv) building does not have a stilt storey, 
v) structural system is a moment frame or moment frame with structural 
wall, and 

vi) at least 70 percent of the frame panels in each storey are infilled with 
unreinforced masonry walls. 

 
2) When select concrete structural walls are part of the designated lateral 
force resisting system, the minimum thickness of the remaining concrete 
walls can be less than 160 mm. In such cases: 
 
i)  They shall be part of the analytical model of the structure, employed in 
structural analysis.  

ii) Two analyses shall be performed, one with these structural walls of 
thickness 160mm or less included, and the other with without them. The 
design shall be based on both of these analyses. 

 
b)  Durability consideration  

 
Concrete members shall have at least the minimum sizes specified in 9.5. 

 
c)  Fire consideration  

 
Concrete members shall have at least the minimum sizes specified in 9.4. 
These minimum sizes specified shall be applicable only when the minimum 
nominal cover requirements mentioned in 9.4 are met with. 

 
Table 32 Minimum Sizes of Concrete Members Based on Strength 

Considerations 
[Clause 9.2.2.2(a)] 

 

Sl No. Structural Element Minimum Size 

  Small Buildings Structures other 
than Small Buildings 

(1) (2) (3) (4) 

i) Slabs 100 mm thick 

ii) Beams 200 mm ³ 250 mm  250 mm ³ 300 mm 

iii) Columns 230 mm ³ 230 mm  300 mm ³  300 mm  

iv) Structural walls 160 mm thick  200 mm thick  

v) Non-structural walls 100 mm thick 

vi) Footings 150 mm thickness at the tip of cantilever 

vii) Sunshades 100 mm 
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9.2.2.3 Maximum diameter of bars 
 
The reinforcing steel bars used (hereinafter called bars) in concrete structures 
conforming to IS 1786 shall meet the requirements specified hereunder. 
 
a)  Longitudinal reinforcement  

 
1)  Beams 
The maximum diameter of bar shall depend on size of the beam, but in 
general can be taken as 25 mm or less.  When 28mm or larger bars are 
used, the crack width requirements specified in 8.10 and durability 
requirements specified in 9.5 shall be complied with. 

 
2) Slabs 
The maximum diameter of longitudinal bars shall be one-eight of the total 
thickness of the slab. 

 
3) Columns  
The maximum diameter shall be ὓὭὲὦȠὈȾρπ, where ὦ and Ὀ are the 
dimensions of the cross-section of the column.  

 
4) Structural walls 
The maximum diameter shall depend on the thickness of the wall. 

 
b)  Transverse reinforcement  

 
1)  Beams 
The maximum diameter of bar shall depend on size of the beam, but shall 
be less than 16 mm.   

 
2) Columns  
The maximum diameter of bar shall depend on size of the column, but shall 
be less than 16 mm.   

 
3) Structural walls 
The maximum diameter shall be 12 mm. 

 
9.2.2.4 Minimum diameter of bars 

 
a)  Longitudinal reinforcement  

 
1)  Beams 
The minimum diameter of main bar shall be 12 mm and of hangar bar 8mm.  

 
2) Slabs 
The minimum diameter of longitudinal bars shall be 8mm of both main and 
distribution steel bars.  In welded mesh manufactured in factories, this 
provision may be relaxed as per IS 4948. 
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3) Columns  
The minimum diameter shall be 12 mm.   

 
4) Structural walls 
The minimum diameter shall be 10 mm in the web and 12 mm in the 
boundary element, except when bar diameter controls the crack width (such 
as in water tanks).  

 
b)  Transverse reinforcement  

 
1)  Beams 
The minimum diameter of bar shall be 8 mm.   

 
2) Slabs 
The minimum diameter shall be 8 mm, when shear stress in slab exceeds 
the permissible value given in 9.2.6.1(e). 

 
3) Columns  
The minimum diameter Ὠ ȟ  of bar shall be: 

Ὠ ȟ ὓὥὼψ άάȠ 
Ὠ ȟ

τ
 

where Ὠ ȟ  is the diameter of the largest longitudinal bar. 

 
4) Structural walls 
The minimum diameter shall be 8 mm of horizontal longitudinal bars and 
transverse ties.  

 
9.2.2.5 Maximum clear spacing of bars 
 
The requirements specified hereunder shall apply to flexural members in normal 
internal or external conditions of exposure, unless calculations of crack widths (as per 
8.10.2 and 9.4.1.3) show that a greater clear spacing is acceptable. 
 
a)  Beams 

 
1) Longitudinal reinforcement 

 
The maximum clear spacing between parallel steel bars or group/pair of 
bars (near the tension face) shall be that specified in Table 33.  The 
maximum spacing of longitudinal bars (including side face reinforcement) 
specified in Table 33 is applicable to members exposed to mild and 
moderate internal environments and not to the members exposed to severe, 
very severe and extreme environments (specified in 9.5.3), unless in the 
calculation of the design limiting bending moment capacity ὓ, the design 
stress in longitudinal steel bars is limited to 300 MPa in the limit state method 
and the allowable stress to 165 MPa in the allowable stress method. The 
values specified in Table 33 shall be read in conjunction with 8.9, when 
redistribution is considered.  
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2)  Transverse reinforcement 
 
The maximum clear spacing of transverse reinforcement measured along 
the axis of the member shall not exceed the smaller of πȢχυὨ and 300 mm, 
where Ὠ is the effective depth of beam.  The first stirrup in a beam shall be 
at a maximum distance of 50mm from the face of the column or support. In 
beams under axial tension, the clear spacing of shear reinforcement shall 
not exceed 
  

πȢχυ
ρςὖ

ὪὦὨ
Ὠ 

 
b)  Slabs 

 
The horizontal distance between parallel bars (on the tension face) shall not be 
greater than the smaller of: 
 
1) 300 mm or σὨ of main reinforcement bars, and  
2) 450 mm or υὨ of distribution reinforcement,  
where Ὠ is the effective depth of solid slab. 
 

c)  Columns 
 
1) The maximum clear spacing shall be: 
i) 300 mm between adjacent longitudinal bars, and 

ii) ί ὓὭὲσππ άάȠρφὨ ȟ Ƞ άὭὲὦȟὈ  between adjacent transverse 

ties,  
where 
Ὠ ȟ   = diameter of the smallest longitudinal bar,  

ὦ  = one dimension of the column, and 
Ὀ  = other dimension of the column. 

 
2) The first hoop in a column shall be at a maximum distance of 50 mm from 
the face of the top of the slab, soffit of the beam or top of the foundation. 

 
d)  Structural Walls 

 
The maximum clear spacing between adjacent 
1)  vertical bars shall be άὭὲ σππ άάȠςὸ , and 

2)  horizontal bars shall άὭὲ σππ άάȠςὸ , 
where ὸ is the thickness of the wall. 
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Table 33 Maximum Clear Spacing Between Individual Bars or Groups of 
Bars in Beams 
[Clause 9.2.2.4(a)] 

 

Grade of Steel 
Ὢ (MPa) 

Maximum Clear spacing (mm)  
depending on the redistribution of bending moment 

ï30 % ï15 % 0 % +15 % +30 % 

250 215 260 300 300 300 

415 125 155 180 210 235 

500 105 130 150 175 195 

550 Not 
Permitted 

120 140 160 Not 
Permitted 

 
9.2.2.6 Minimum clear spacing of bars 
 
The clear spacing of bars shall be governed by the provisions given hereunder.  
 
a)  Reinforced concrete members 
 
In all concrete members (such as slabs, beams, columns, walls, shafts and 
shells), the minimum clear spacing of bars shall be as specified hereunder: 
 
1) The horizontal distance between two parallel main bars in beams, columns 
and walls shall be not less than the largest of the following: 

i) 

ςȢπ‰ &Åυππ ÁÎÄ &Åυυπ
ρȢυ‰ &Åτρυ                     
ρȢπ‰ &Åςυπ                     

 

      where ‰  Diameter of a bar, if the diameters are equal, 

ii) Diameter of the bar of the largest size, if the diameters are unequal, and 

iii) 5 mm more than the maximum nominal size of coarse aggregate. 

 
2) The vertical clear spacing between any two layers (see Fig. 18) shall be not 
less than the largest of the following: 

i) Diameter of a bar, if the diameters are equal, 

ii) Diameter of the bar of the largest size, if the diameters are unequal,  

iii) 5 mm more than the maximum nominal size of coarse aggregate, and 

iv) 16 mm. 

 
3) Where needle vibrators are required to pass through the horizontal bars to 
vibrate the concrete in the core of the member, then the said distance 
between the parallel main bars or groups of bars shall be sufficient to enable 
to pass the vibrator (at the angle needed). 

 
4) Where bars are spliced by mechanical coupler, the minimum values 
specified in 9.2.2.9(c) above apply to the distance between the couplers. 

 
b)  Prestressed concrete members 
Grouping of cables or ducts in post-tensioned bonded cables: 
i) Bundles shall not be permitted of more than two ducts each.  
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ii) If there is possibility of obstruction of flow of concrete or in severe 
exposure condition, horizontal grouping should be avoided.  

iii) A pair of ducts placed horizontally or vertically touching each other shall 
be permitted, only in the straight portion of the cable subject to limitations 
given below (see Fig.19). 
 
aa) Two cables can be grouped horizontally provided diameter of each 
duct is not more than 50 mm. 

bb) Two cables can be grouped vertically provided diameter of each duct 
is not more than 110 mm. 

cc) Two cables shall not be bundled over the curved length of cable in 
the plane of curvature. 

                  
FIG. 18A      FIG. 18B 

 
 

                                
                FIG. 18C 

 
FIG. 18 MINIMUM CLEAR SPACING BETWEEN GROUPS OF BARS: (A) VERTICAL PAIRS, (B) 

HORIZONTAL PAIRS, AND (C) BUNDLES 

 
2) The horizontal and vertical distances between ducts of groups of cables, 
ducts of cables, or tendons shall not be less than the greater of the 
following: 
 
i) Post-Tensioning ï Bonded or Unbonded Embedded Cables (see Fig. 
19): 
aa)  Outer diameter of a duct, between single ducts or between a pair of 
ducts and the next pair; 

bb)  50 mm, and 
cc)  Maximum nominal size of coarse aggregate plus 10 mm. 
 
The above shall be applicable for major lengths of the cables. These 
requirements can be relaxed locally near transition lengths of the cable, 
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provided the minimum clear spacing between the adjacent cables along 
the line joining the centres of two cables is not less than the smaller of 
outer diameter of the duct and 50 mm.  

 
ii) Post-Tensioning ï Cables or Large Bars (see Fig. 19) 
aa)  Outer diameter of a cable or bar; 
bb)  50 mm, and 
cc)  Maximum nominal size of coarse aggregate plus 10 mm. 

 
iii) Pre-Tensioning ï Single Wire/Tendon (see Fig. 20) 
aa)  Three times the diameter of a wire/tendon; 
bb)  20 mm, and 
cc)  10 mm more than the maximum nominal size of coarse aggregate. 

 
c) Cables or ducts may be grouped together vertically in groups of not more than 
two. 

 

 
 

FIG. 19 MINIMUM CLEAR SPACING BETWEEN POST-TENSIONED DUCTS  
 

 
 

FIG. 20 MINIMUM CLEAR SPACING BETWEEN POST-TENSIONED TENDONS  

 
9.2.2.7 Development length 
 
a)  A bar at any section shall extend on each side of the section by providing the 
required development length, end anchorage or a combination thereof. The 
development length ὒ shall be estimated based on the tension or compression 
stress required to be developed at that section, as: 
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ὒ
ὨὪ

τ†
 

where 
Ὠ  = nominal diameter of the bar,  

Ὢ   = stress induced in bar at the section under the action of design load 
combination related to strength criteria. , and 

†   = design bond stress as specified in 9.2.6.1(e). 
 
When more steel is provided than that required by design calculations, then the 
development length ὒ estimated by the above expression can be reduced 
further. The reduced development length ὒ  shall be estimated as: 

ὒ
ὃȟ

ὃȟ
ὒ 

 
b)  When design load combinations related to strength criteria specified in Table 2 
are used, the development length shall be taken as specified in IS 13920 (Part 
1) and the other relevant part of IS 13920, depending on the type of the 
structure.  

 
c)  When design load combinations related to serviceability criteria are used, the 
design bond stress specified in 9.2.6.1(e) shall be used.  

 
d)  In the estimation of development length: 
1) The anchorage values arising from hooks and bends are included for bars 
in tension, and excluded for bars in compression; and 

2) The bent length of bars is included for bars in tension, and only the projected 
length of bar for bars in compression (see Fig. 21). 

 
e)  The development length is the same for bars of members being designed by 
the limit state method and for bars of members being checked for meeting 
serviceability requirements by the allowable stress method. 

 
f)  The development length of each bar in a set of bundled bars shall be that for 
the individual bar increased by: 
 
1) 10 percent when in contact with one other bar,  

2) 20 percent when in contact with two other bars, and  

3) 33 percent when in contact with three other bars. 
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   FIG. 21A      FIG. 21B 
 
FIG. 21 DEVELOPMENT LENGTH OF LONGITUDINAL BARS IN: (A) TENSION, AND (B) 
COMPRESSION 

 
9.2.2.8 Anchorage of bars 
 
a)  Anchorage by longitudinal bars  
 
 The anchorage length of straight bar in tension or compression shall be the 
development length of the bar in tension or compression, respectively.  When 
straight lengths are not available to accommodate the required development 
length within the member, then in bars subjected to:  
 
1) tension, the use of standard bends and standard hooks (conforming to          
IS 2502) and straight lengths shall be permissible.  
 
i) the anchorage values to be used to estimate the available development 
length shall be taken as: 
a) τ‰ for each 45Á bend, subject to a maximum of ρφ‰, and  

b) ρφ‰ for a standard U-type hook, and 
ii) the straight length beyond the bends (see Fig. 22) shall be at least τ‰, 
where k is the mandrel diameter recommended in IS 1786; and 

 
2)  compression, the use of standard bends and standard hooks (conforming 
to    IS 2502) and straight lengths shall be taken advantage of only as much 
as the projected length of the hooks, bends and straight lengths from the 
start of the bend, along the direction of the compression force. 
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FIG. 22 DEFINITIONS OF STANDARD HOOK AND STANDARD BEND IN LONGITUDINAL BARS 

 
b)  Anchorage of transverse reinforcement  

 
Notwithstanding any provisions of this standard, in transverse reinforcement 
(such as stirrups and transverse ties), complete development lengths and 
anchorage shall be deemed to have been provided when the bar is bent around 
a bar of at least its own diameter ‰ through an angle of at least 135Ü and is 
continued beyond the end of the curve for a length of at least φ‰, respectively, 
as specified in IS 2502. 
 

c)  Anchorage by mechanical devices  
 

Mechanical or other devices conforming to IS 16712 capable of developing the 
strength of the bar without damage to concrete may be used as anchorage with 
the approval of the engineering-charge.  At least the minimum straight length 
shall be provided before mechanical device as specified in IS 16712.  

 
d)  Bearing stresses at bends 

 
The bearing stress Ὢ in concrete need not be checked inside bends and hooks 
of bars complying with IS 2502.  Otherwise, the bearing stress inside a bend 
shall be estimated as: 

Ὢ
Ὂ

ὶὨ
 

where  
Ὂ  = tensile force due to design loads in the bar or group of bars,  

ὶ  = internal radius of the bend, and 
‰  = size of the bar, or in bundled bars, size of the equivalent area, 

and 

Ὢ  < 

Ȣ
,ÉÍÉÔ 3ÔÁÔÅ -ÅÔÈÏÄ        

!ÌÌÏ×ÁÂÌÅ 3ÔÒÅÓÓ -ÅÔÈÏÄ
 

wherein 
ὥ  =  Centre to centre distance between bars or groups of bars perpendicular 

to the plane of the bending, for a particular bar or group of bars in contact 
 =  Clear cover plus size of bar, for a bar or group of bars adjacent to the 

face of the member  
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e)  Other requirements 
 

1) If a change in direction of tension or compression reinforcement induces a 
resultant force acting outward tending to split the concrete, such force 
should be taken up by additional bars, links or stirrups (see Fig.23). 
Additional requirements are specified in IS 3370 related to liquid retaining 
structures.  

2) Bent tension bar at a re-entrant angle shall not be permitted.  

 
 
 

 
 
 
 
 
 
 
 
 

 
23A) POOR CHOICE     23B) GOOD CHOICE 

 
FIG. 23 PLAN VIEW OF CONCRETE STRUCTURES WITH RE-ENTRANT CORNERS SHOWING 

LONGITUDINAL STEEL 
 
9.2.2.9 Splicing of bars 
 
Where splices are provided in the reinforcing bars, they shall be away (as far as 
possible) from the sections of maximum stress and be staggered.  Splices in flexural 
members shall not be at sections, where the design bending moment demand ὓ  on 
the member is more than 50 percent of the limiting bending moment capacity ὓ of 
the member. When bars are required to be spliced, three types of splicing are possible, 
namely: 
 

a)  Lap Splicing 
 
1) Lap splicing may be used in concrete members under axial and/or 
flexural compression, provided no bar in the cross-section is in tension 
owing to either direct tension or combined axial-flexural tension. But, 
when members are under axial tension, and longitudinal bars used are 
of diameters of 20 mm and more, lap splicing shall be avoided to the 
extent possible in flexural members. In such cases, mechanical couplers 
can be used. 

 
2) When lap slicing is used, the member shall be provided with closed loop 
transverse hoops along the full length of lapping of bars in tension and 
compression, with: clear spacing at not more than 150 mm, and length 
over which these transverse hoops are provided is at least ὒ Ⱦσ or ὒ Ⱦσ 

Longitudinal 
Steel 

Longitudinal 
Steel 
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(depending on the load action) from the two ends of splice length (see 
Fig. 24); and 

 
3) When it is inevitable to lap splice the bars of diameter less than 25mm, 
the provisions of the clause shall be applicable, but not to longitudinal bars 
in compression, when the compression bar is not enclosed within transverse 
ties that have closed loops with 135Ü hook ends; and transverse bars. Where 
longitudinal bars in tension are spliced in flexural members, the lap splices 
may be employed. Then, the lap length shall be: 
 

i) ὒ ὓὥὼὒ Ƞσπ‰ , where ὒ  is the development length in 
tension and includes the anchorage values of hooks and bends, and 

‰ the diameter of the bar being lapped, and have a straight 

length not less than ὓὥὼςππ άάȠρυ‰ ; and  

ii) ρȢτὒὰὥὴ, if the bar is located at the top of a section where the nominal 

cover is less than ς‰, or the corner of a section where the nominal 

cover to either face is less than ς‰ or where clear distance between 
adjacent laps is less than ὒ ὓὥὼχυ άάȠφ‰ ; and 

iii) ςὒ , if both (i) and (ii) above apply. 

 
4) Lap length including anchorage value of hooks for bars in flexural tension 
shall be ὒ or σπ‰, whichever is larger, and for direct tension shall be ςὒ 
or τυ‰, whichever is larger. 
 
6)  As far away as possible from the sections of maximum bending moment, 
and enclosed within closely-spaced closed-hoop transverse 
reinforcement complying with the requirements of confinement steel in 
IS 13920 (Part 2/Sect 3). 

7) Essentially employed in beams and preferably in columns, such that not 
more than half the bars are spliced at a section; they shall be considered 
as staggered if the centre to centre distance of the splices is not less 
than ρȢσὒὰὥὴ, where ὒ  is calculated as per 9.2.2.9(c)(1). If more than 

half the bars are spliced at a section, the lap length shall be increased 
further by 50 percent of ὒ , such that 

 
i) their lap lengths are calculated on the basis of diameter of the smaller 
bar, when bars of two different diameters are spliced; and 

ii) the laps are made by splicing one bar at a time, when bundled bars 
are spliced; such individual splices of bars within a bundle shall be 
staggered with a centre to centre distance of the splices not less than 
ρȢσὒὰὥὴ, where ὒ  is calculated as per 9.2.2.9(c)(1).  

 
8)  Where longitudinal bars in compression in flexural members are spliced, 
the lap splices shall be of length ὒ άὥὼὒ Ƞ  σπ‰ , where ὒ  is the 

development length in compression (and it includes the anchorage values 
of hooks and bends) and ‰ the diameter of the bar being lapped, and have 
a straight length not less than άὥὼςππ άάȠ ςπ‰ .  
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9) When splicing welded wire fabric (conforming to IS 4948), lap splices of 
fabric shall be made so that overlap measured between the extreme 
cross wires shall be not less than the clear spacing of cross wires plus 
100 mm. 

 
b) Welding  

 
Welding of bars shall not be permitted in general.  But, in exceptional cases, 
where welding is inevitable, the design stress of reinforcing steel being 
welded (in any structural member) shall be limited to πȢςυὪ.  

 
c)  Mechanical coupling 

 
When there is congestion of reinforcing bars, mechanical couplers may be 
used for splicing of reinforcing bars with the following requirements: 
 
1) Mechanical couplers conform to IS 16172;  
2) Not more than half the bars at a section are spliced using mechanical 
couplers;  

3) Mechanical couplers shall not be employed where plastic hinges are 
likely to be formed [see IS 13920 (Part 5/Sec 3)];  

4) They are staggered by at least 750 mm; and 
5) Couplers should be adopted preferably for splicing bars of diameters 
20 mm or more. 

 
 

FIG. 24 CLOSED LOOP TRANSVERSE HOOPS ALONG THE FULL LENGTH OF LAPPING OF BARS 
IN TENSION AND COMPRESSION 

 
9.2.2.10 Curtailment of bars 
 
a) Curtailment of bars shall be permitted, provided: 

 
1) Steel reinforcing bars shall extend beyond the point at which it is no longer 
required to resist flexure (where the limiting moment capacity of the section 
considering only the continuing bars is equal to the design moment demand) 
at least for a distance at least equal to the larger of Ὠ and ρς‰, except at 
simple support or end of cantilever.  
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2) Flexural reinforcement shall not be terminated in a tension zone unless any 
one of the following conditions is satisfied: 
i) The shear force demand at the cut-off point does not exceed that the 
design shear strength specified in 9.2.6.1(e) corresponding to the 
balance continuing steel, including the shear strength of web 
reinforcement provided. 

ii) Stirrup area in excess of that required for shear and torsion is provided 
along each terminated bar over a distance from the cut-off point equal to 
πȢχυὨ of the member. The excess stirrup area shall be not less than that 
specified in 9.2.4.1(b)(1) The resulting clear spacing shall not exceed 
ὨȾψ‍ , where ‍ is the ratio of the area of bars cut-off to the total area 
of bars at the section, and Ὠ the effective depth. 

iii) The continuing bars provide double the area required for flexure at the 
cut-off point and the shear does not exceed 75 percent of that permitted. 

 
b) Positive moment reinforcement 

 
1) At least 33 percent of positive moment reinforcement provided in simply 
supported members and 25 percent of positive moment reinforcement 
provided in continuous members shall extend along the same face of the 
member into the support, to a length equal to ὒȾσ. 

 
2) When a flexural member is part of a continuous beam or moment frame 
system, the positive reinforcement required to be extended into the support 
shall be anchored to develop its design stress in tension at the face of the 
support. 

 
3) At supports of simply supported beams and at points of inflection in 
continuous members, the diameter of the positive moment (tension) 
reinforcement shall be such that ὒ computed by 9.2.2.7 considering Ὢȟ  

to be πȢψχὪ, does not exceed:  

  ὒ, when end of reinforcement sustains tensile action, and 

  
Ȣ

ὒ, when end of reinforcement is confined by compressive action, 

where 
ὓ  =  Limiting moment of the section assuming all reinforcement at the 

section to be stressed to design stress in limit state design and 
the permissible stress in allowable stress design; 

ὠ =  Design shear force at the section; and 
ὒ  = Sum of anchorage beyond the centre of the support and equivalent 

anchorage of any hook or mechanical anchorage at simple 
support; and  

 = ὓὥὼὨȠςπ‰  at the point of inflection. 
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c) Negative moment reinforcement 
 

At least one-third of the total reinforcement provided for negative moment at the 
support shall extend beyond the point of inflection for a distance not less than 
ὓὥὼὨȠςπ‰ȠὒȾρφ. 

 
d) Curtailment of bundled bars 

 
Bars in a bundle shall terminate at different points spaced apart by not less than 
τπ‰, except for bundles stopping at a support. 

 
9.2.3 Relative Dimensions 
 
The proportioning of members and sections of concrete structure shall comply with the 
requirements specified hereunder at the level of members and sections. 
 
9.2.3.1 Slenderness Ratio 
 

a) Slabs 
 

1) The basic maximum span to depth ratios  of solid slabs shall be as 

per Table 34, where ὰ is the effective span of the slab panel in the 
direction of bending, and Ὠ is the effective depth of the slab in the 
direction of bending. The values for flat slabs shall be as per 8.7.4.  

 

2) The basic maximum  given in (1) shall be modified to obtain the 

maximum  accounting for area of bottom tension steel at mid-

span, grade of steel, area of compression steel, and aspect ratio of the 
slab, as: 

ὰ

Ὠ

ὰ
Ὠ

‘‘‘
 

where 

‘
ς

ρ
Ὢ
τρυ

ὃ ȟ

ὃ ȟ

 

‘ ρ πȢχὴ 

‘
ς

ρ ‍
 

wherein 
ὃ ȟ  = area of tension steel provided in the slab,  

ὃ ȟ   = area of tension steel required from strength 

considerations in the slab, 
ὴ = percentage of steel (expressed as a fraction) provided on 

compression face of the slab, and 
‍ = ratio of the larger and smaller sizes of the slab panel in 

plan, more than 2.  
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Table 34 Basic Maximum Span to Depth Ratio  of Slabs 

[Clause 9.2.3.1(a)] 
 

Sl 
No. 

Boundary Condition of 
One-Way Slabs 

Basic Maximum Span to Depth Ratio  

(el  is smaller of the two plan dimensions of the slab) 

(1) (2) (3) 

i) Continuous at both ends 32 

ii) Continuous at one end 29 

iii) Simply supported  26 

iv) Cantilever 7 

 
 

b) Beams 
 
1) Serviceability criteria 

 

i) The basic maximum span to depth ratios  of beams shall be as 

per Table 35, where ὰ is the effective span of the beam in the 
direction of bending, and Ὠ the effective depth of the beam in the 
direction of bending.  

ii) The basic maximum  given in (1) shall be modified to obtain the 

maximum  accounting for area of bottom tension steel at mid-

span, grade of steel, area of compression steel, effective width of 
compression flange, and aspect ratio of the beam, as: 

ὰ

Ὠ

ὰ
Ὠ

‘‘‘‘
 

where 

‘
‌

ρ ς
Ὢ
τρυ

ὃ ȟ

ὃ ȟ

 

‘ ρ πȢχὴ 

‘

ừ
Ử
Ừ

Ử
ứρȢπ                                            π

ὦ

ὦȟ
πȢςυ

ρȢπ
ρ

σ

ὦ

ὦȟ
πȢςυ πȢςυ

ὦ

ὦȟ
ρȢππ

 

‘
ς

σ
 

wherein 

‌ = 
ςȢφ   ὊὩτρυ
ςȢπ   ὊὩυππ
ρȢφ   ὊὩυυπ
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ὃ ȟ  =  area of tension steel provided at mid-span of the 

beam,  
ὃ ȟ  =  area of tension steel required from strength 

considerations in the beam, 
ὴ =  area of longitudinal steel (expressed as a percent) 

provided on compression face of the beam, but 2 
percent or less,  

ὦ  =  breadth of the web of the beam, and 
ὦȟ   =  breadth of the effective flange width of the beam. 

 

Table 35 Basic Maximum Span to Depth Ratio 
■▄

▀
 of Beams 

[Clause 9.2.3.1(b)] 
 

Sl 
No. 

Boundary Conditions Basic Maximum Span to Depth Ratio  

ὰ (m) ρπ ά ὰ (m) ρπ ά 

(1) (2) (3) (4) 

1 Continuous at both ends 
ςπ ςπ

ρπ

ὰ
 

2 Continuous at one end 
ρψ ρψ

ρπ

ὰ
 

3 Simply supported slabs 
ρφ ρφ

ρπ

ὰ
 

4 Cantilever 
χ χ

ρπ

ὰ
 

 
2) Stability criteria 

 
i) In simply supported or continuous beams, the maximum clear 
distance ὰ ȟ  between the lateral restraints (to compression 

faces) shall be taken as:  

ὰ ȟ ὓὭὲφπὦȠςυπ
ὦ

Ὠ
 

where 
ὦ = breadth of the compression face midway between the lateral 
restraints of the beam; and 

Ὠ = effective depth of the beam. 
 
ii) In cantilever beams, the maximum clear distance ὰ ȟ  from the 

free end of the cantilever to the lateral restraint (to compression face) 
shall be taken as:  

ὰ ȟ ὓὭὲςφὦȠρππ
ὦ

Ὠ
 

where 
ὦ = breadth of the compression face midway between the lateral 

restraint and the free end of the beam; and 
Ὠ = effective depth of the beam. 
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c) Columns 
 
1) In columns laterally supported at both ends, the maximum clear 

distance max,clearl  between the lateral restraints shall be taken as:  

ὰ ȟ ὓὭὲφπ άὭὲὦȠὈȠςυπ
ὦ

Ὠ
 

where 
ὦ = breadth of cross-section of the column perpendicular to the plane 
of bending, and 

Ὠ = depth of cross-section of the column in the plane of bending. 
 

2) In cantilever columns, the maximum clear distance max,clearl  between 

the and the free end of the column shall be taken as:  

ὰ ȟ ὓὭὲςυ άὭὲὦȠὈȠρππ
ὦ

Ὠ
 

where 
ὦ = breadth of cross-section of the column perpendicular to the plane 
of bending, and 

Ὠ = depth of cross-section of the column in the plane of bending. 
 

d) Structural Walls 
 
1) The elevation aspect ratio Ὄ Ⱦὸ of structural walls (in sectional 
elevation) shall not exceed 30, where Ὄ  is the effective height and ὸ 
the overall thickness of the wall web. 

 
2) Structural walls shall be classified as given hereunder: 

   π
Ὄ

ὒ
πȢυ %ØÔÒÅÍÅ 3ÑÕÁÔ 3ÔÒÕÃÔÕÒÁÌ 7ÁÌÌÓ

πȢυ
Ὄ

ὒ
ρȢπ 3ÑÕÁÔ 3ÔÒÕÃÔÕÒÁÌ 7ÁÌÌÓ                 

 

ρȢπ
Ὄ

ὒ
ςȢπ )ÎÔÅÒÍÅÄÉÁÔÅ 3ÔÒÕÃÔÕÒÁÌ 7ÁÌÌÓ  

ςȢπ
Ὄ

ὒ
χȢπ 3ÌÅÎÄÅÒ 3ÔÒÕÃÔÕÒÁÌ 7ÁÌÌÓ            

 

3) Structural walls shall not have  more than χȢπ. 

 
9.2.3.2 Cross-sectional aspect ratio 
 

a) Beams 
The maximum ὈȾὦ ratio of the cross-section of a beam without a 
compression flange shall be ςȢυ. 

 
b) Columns  
The maximum ὈȾὦ ratio of a column shall be ςȢυ.  Columns with ὈȾὦ ratio 
is in the range ςȢυ τȢπ are not recommended.  Under unavoidable 
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circumstances, they shall be designed and detailed as columns, and not as 
structural walls (see 9.2.3.3). 

 
c) Structural Walls 

The minimum ὒȾὸ ratio of structural walls shall be τȢπ ςπ 

 
9.2.3.3 Distinction between columns and structural walls 

 
a) Notwithstanding, the provisions of 9.2.3.1 and 9.2.3.2, a vertical member shall 
be designed as a structural wall, if it has the bending moment diagram about 
its major axis along its full height like that of a vertical cantilever in single 
curvature along its full height [Fig. 25(b)], or at best one point of contra-flexure 
owing to frame-wall interaction (especially at the roof level), even though with 
small jumps at the levels where the beams and slabs frame into it [Fig. 25(c)]. 
The bending moment at the roof level need not be zero, owing to the presence 
of beams at that level. 

 
b) Else, the vertical member shall be designed as column, if it is in double curvature 
along the whole or part of its height [Fig. 25(a)]. 

 
 
 
 
 
 
          
 
 
 
     
 
      FIG. 25A FRAME SYSTEM   FIG. 25B STRUCTURAL SYSTEM
    
 
 
 
 
 
 
 
 
 
 
 

FIG. 25C COUPLED FRAME ï STRUCTURAL WALL SYSTEM 
 

FIG. 25 BENDING MOMENT DIAGRAMS OF VERTICAL MEMBERS 
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9.2.4 Amount of Reinforcements 
 
a) The minimum and maximum amounts of reinforcements in concrete structures 
shall be taken as 9.2.4.1 and 9.2.4.2, respectively.  Longitudinal reinforcement 
bars shall be provided to carry the axial force and bending moments imposed 
on the members.   The transverse reinforcement bars shall be provided to carry 
shear forces imposed on the members, and to hold the longitudinal bars without 
buckling under its design levels loads.  These transverse reinforcement shall 
be considered to provide effective lateral support is given when they are in the 
form of either circular rings capable of taking circumferential tension or by 
polygonal links (lateral ties) with internal angles not exceeding ρσυЈ.  

 
b) Bars may be arranged singly, or in pairs in contact, or in groups of three or four 
bars tied together in contact.  The cross-sections where bars are bundled shall 
be enclosed within closed stirrups. Also, bundled bars shall be tied together to 
ensure the bars remaining together during concreting. Bars larger than 32 mm 
diameter shall not be bundled, except in columns.  

 
c) The recommendations for earthquake-resistant design and detailing of 
concrete structures in earthquake zones III, IV, V and VI shall be as per                
IS 13920.  

 
9.2.4.1 Minimum Reinforcement 
 
Concrete members shall be provided with at least the amount of longitudinal and 
transverse reinforcements specified hereunder. 

 

a) Longitudinal reinforcement 
 

1) Slabs  
 
i) The minimum area ὃ ȟ  (in mm2) per meter width of the slab along 

each orthogonal direction shall be taken as per Table 36. 
ii) Factory manufactured welded steel mesh may be used in slabs on 
grade, but not site welded steel mesh. 

 
2) Beams 

 
i)  Longitudinal reinforcement 
The minimum area ὃ ȟ  of longitudinal reinforcement in RC beams or 

of untensioned longitudinal reinforcement in PSC beams shall be taken 
as: 

ὃ ȟ

ὦὨ

πȢςυὪ

Ὢ
 

ii)  Side face reinforcement 
In slabs, beams and footings, when the depth of the web of a beam 
exceeds 750 mm, the side face reinforcement shall be provided along 
the two faces. The total area of such reinforcement shall be not less than 
0.1 percent of the web area and shall be distributed equally on two faces 
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at a clear spacing not exceeding 300 mm or web thickness whichever is 
less. 

 
Table 36 Minimum Steel Required in Slabs 

[Clause 9.2.4.1(a)(1)] 
 

Types of Slab Minimum Area of Reinforcement per  meter 
width of slab (in mm2) 

Thickness  200 mm Thickness  200 mm 

Compression 
Face 

Tension 
Face 

Compression 
Face 

Tension 
Face 

(1) (2) (3) (4) (5) 

Solid Slab      

(a) Fe250 250 mm2 0.15 
percent 
of c/s 
area 

170 mm2 80 mm2 

(b) Fe415, Fe500, Fe550 0.12 
percent 
of c/s 
area 

  

(c) Welded Steel Mesh 0.12 
percent 
of c/s 
area 

  

Flat Slab 360 mm2 0.18 
percent 
of c/s 
area 

360 mm2 0.18 
percent 
of c/s 
area 

Slab on Grade 360 mm2 0.12 
percent 
of c/s 
area 

360 mm2 0.12 
percent 
of c/s 
area 

 
 
 

3) Vertical Members 
 
The minimum percentage of longitudinal steel in vertical members, namely 
columns and structural walls, shall be as per 9.2.4.1(a)(3) as in a column, if 
‍ πȢπυ, and as per 9.2.4.1(a)(4) as in a structural wall, if ‍ πȢπυ, where 
‍ is the ratio of the pure flexural lateral translational stiffness and pure shear 
lateral translational stiffness, given by: 

‍

ρςὉὍ
ὒ
Ὃὃ
ὒ
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i) Columns 
 
aa) The minimum area ὃȟ  of longitudinal bars in a column (on all faces 

together) shall be given by: 

ὃȟ
ὦὨ

πȢππψ-ςυ-συ
πȢπρπ-τπ-υυ
πȢπρς-φπ-χπ

 

This steel shall be provided uniformly along the perimeter of the column. 
 
bb) The minimum number of longitudinal bars placed within the closed loop 
transverse reinforcement provided in a column, shall be four in 
rectangular columns, and six in circular columns.  

 
cc) The minimum area of longitudinal reinforcement shall not be less than 
0.15 percent of the cross-sectional area of the pedestal of columns, 
when the longitudinal bars in the pedestal are not considered in 
estimating the strength.  

 
dd) When a column is provided with a cross-sectional area larger than that 
required to carry the loads, then the minimum area ὃȟ  of longitudinal 

bars shall be calculated based on the area of concrete required to resist 
the direct compressive stress and not on the actual area provided, but 
not less than: 

ὃȟ
ὦὨ

πȢππφ-ςυ-συ
πȢπχυ-τπ-υυ
πȢπωπ-φπ-χπ

 

ii) Structural Walls 
 
aa) Structural walls meant to carry axial force, shear force  and bending 
moment shall be provided with one curtain (that is a pair of uniformly 
spaced vertical and horizontal reinforcement) on each face.  

 
bb) Concrete walls with only one curtain of vertical bars in the entire cross-
section shall not be considered as structural walls. 

 
cc) The minimum area ὃ ȟ  (mm2) per meter width of the structural wall 

(carrying sustained compressive load) of the longitudinal (vertical) bars 
on both faces together shall be: 

ὃ ȟ ρπππὸ
πȢππυ&Åςυπ ÓÔÅÅÌ                                   
πȢππτ&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÓÔÅÅÌ

 

where ὸ is the thickness of the structural wall in mm.  
 
dd) The minimum area ὃȟ  (mm2) per meter width of the structural wall of 

the longitudinal (vertical) bars on both faces together shall be 0.004 
percent in RC walls not carrying sustained compressive load (like 
retaining walls). 

 
4)  Footings  

 
When the thickness of the footing at the column or wall face is: 
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i) less than 750 mm, at least one curtain of reinforcement shall be provided 
with a minimum steel ὃ ȟ  per meter width of the footing along each 

plan direction on the tension face of the footing of: 

ὃ ȟ ρπππὸ
πȢππρυ&Åςυπ ÓÔÅÅÌ                                   
πȢππρς&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÓÔÅÅÌ

σφπ ÍÍ  

ii) 750 mm or more,  
aa)  at least in two curtains of reinforcement shall be provided with a 
minimum steel ὃ ȟ  per meter width of the footing along each plan 

direction (one on the tension face of the footing and another on the 
compression face) of: 

ὃ ȟ ρπππὸ
πȢππρυ&Åςυπ ÓÔÅÅÌ                                   
πȢππρς&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÓÔÅÅÌ

σφπ ÍÍ  

bb)  at least 360 mm2 per meter width of the footing steel on its side face, 
where ὸ is the thickness (in mm) of the footing.  

 
5)  Raft foundations 

 
At least two curtains of reinforcement shall be provided with a minimum steel 
ὃ ȟ  per meter width of the raft (one along each plan direction on each of 

the top and bottom faces).The minimum area ὃ ȟ  (in mm2) of longitudinal 

(horizontal) bars in each curtain of reinforcement in a raft shall be: 
ὃ ȟ ρπππὈ πȢππρς 

where Ὀ is the total thickness (in mm) of the raft.  
 
b) Transverse reinforcement 

 

The amount  and clear spacing of transverse reinforcement shall be governed 
by considerations of design for shear force and torsion moment. 
Notwithstanding the above, concrete members shall be provided with at least 
the minimum amount ὃ ȟ  of transverse steel as specified hereunder. 

 
1)  Beams 

 
i) The minimum area ὃ ȟ  of transverse reinforcement of all legs 

together in a RC beam shall be: 

ὃ ȟ

†ὦὨ

πȢψχὪ
Ὠ
ί

 

where 
†  = shear strength (MPa) of concrete corresponding to 0.8 percent 

of longitudinal steel 

 = 

πȢτππȢππυὪ ςυ -ςυ-συ

πȢτχπȢππυὪ τπ -τπ-υυ

πȢυτπȢππυὪ φπ -φπ-χπ

 

ὦ = breadth (mm) of the beam perpendicular to the plane of 
bending, 

Ὠ = effective depth (mm) of the beam in the plane of bending,  

ί = clear spacing (mm) of the transverse stirrups,  
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Ὢ = characteristic strength (MPa) of reinforcing steel, which shall 

not be more than 415 MPa, and 

 =  integral part of the number. 

 
ii) The minimum area ὃ ȟ  of transverse reinforcement of all legs 

together in a PSC beam shall be: 
a) Members subjected to dynamic loading: 

ὃ ȟ ρπππὦ

πȢππσπ
πȢππςπ

Ὀ τὸ
Ὀ τὸ

&Åτρυ ÓÔÅÅÌ                     

πȢππςπ
πȢππρυ

Ὀ τὸ
Ὀ τὸ

&Åυππ ÁÎÄ &Åυυπ ÓÔÅÅÌ
 

b) Members not subjected to dynamic loading: 
  ὃ ȟ ρπππὦ πȢππρπ 
where 
ὦ  = Breadth (mm) of the beam web along the axis of bending, and 
Ὀ  = Depth (mm) of the beam web normal to the axis of bending. 

 
2) Columns 

 
The minimum area ὃ ȟ  (mm2) of transverse reinforcement shall be the 

largest of the steel based on the following considerations: 
 
i) Shear force consideration 

ὃ ȟ

†ὦὨ

πȢψχὪ
Ὠ
ί

 

where 
†  = shear strength (MPa) of concrete corresponding to 0.8 percent 

of longitudinal steel 

 = 

πȢτππȢππυὪ ςυ -ςυ-συ

πȢτχπȢππυὪ τπ -τπ-υυ

πȢυτπȢππυὪ φπ -φπ-χπ

 

ὦ = breadth (mm) of the column perpendicular to the plane of 
bending, 

Ὠ = effective depth (mm) of the column in the plane of bending,  

ί = clear spacing (mm) of the transverse ties,  
Ὢ = characteristic strength (MPa) of reinforcing steel, which shall 

not be more than 415 MPa, and 

 =  integral part of the number. 

 
 
ii) Axial force consideration 

ὃ ȟ

ὦὈ

πȢτυὪ

‐Ὁ
ρ ρ

ςὦᴂ

ὦ
ρ
ςὨᴂ

Ὀ
 

where 
ὦ = breadth (mm) of the column perpendicular to the plane of bending, 
Ὀ = depth (mm) of the column in the plane of bending,  
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ὦᴂ = nominal cover breadth (mm) to column steel perpendicular to the 
plane of bending, 

Ὠᴂ = depth (mm) to column steel in the plane of bending,  
‐  = strain in concrete at ultimate strain (Table 45 for different grades 

of concrete), and  
Ὁ  = modulus of elasticity of reinforcing steel (given in 7.2.2.1). 

iii) Lateral confinement consideration 
ὃ ȟ

ὦί
πȢππτ 

where 
ὦ = breadth (mm) of column normal to the direction of reinforcement 

considered, and 
ί = vertical clear spacing (mm) of transverse ties. 

 
3) Structural walls 

 
The minimum total area ὃ ȟ  (mm2) of transverse reinforcement along the 

length of the wall shall be the largest of the steel based on the following 
considerations: 
 
i) Thermal consideration 

ὃ ȟ ρπππὸ
πȢππςυ&Åςυπ ÓÔÅÅÌ                                   
πȢππςπ&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÓÔÅÅÌ

 

where 
ὸ = thickness (mm) of the wall. 

 
ii) Lateral confinement consideration 

 
aa) Along the length of the wall: 

ὃ ȟ ὸίπȢππτ 
where 
ὸ = thickness (mm) of wall normal to the direction of reinforcement 

considered, and 
ί =  vertical clear spacing (mm) of transverse ties. 

 
bb) Along the thickness of the wall per meter length of the wall: 

ὃ ȟ ρπππί πȢππτ 
where 
ί =  vertical clear spacing (mm) of transverse ties. 

 
9.2.4.2 Maximum reinforcement 
 
Concrete members shall not be provided with the amounts of longitudinal and 
transverse reinforcement more than those specified hereunder. 

 
a) Longitudinal reinforcement 

 
The maximum amount of longitudinal steel ὃ ȟ  shall be as specified 

hereunder. 
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1) Slab 

 
The maximum area ὃ ȟ  of flexural tensile steel in a slab shall be: 

ὃ ȟ ρπππὈ ‌
Ὢ

πȢψχὪ

ὼ

Ὠ
πȢπς 

where 
Ὠ =  effective depth of the slab in the plane of bending,  
Ὀ =  depth of the slab  in the plane of bending,  
ὼ  =  balanced depth of the slab in the plane of bending,  
‌ =  average design stress coefficient used to estimate the design 

compressive force in concrete, when maximum stress block is 
developed on the compression side, under balanced condition (see 
Fig. 26), 

 
2) Beams 

 
The maximum area ὃ ȟ  of tension steel in a beam shall be: 

ὃ ȟ ὦὈ ‌
Ὢ

πȢψχὪ

ὼ

Ὠ
πȢπςὦὈ 

and the maximum area ὃ ȟ  of compression steel in a beam shall be: 

ὃ ȟ πȢπςὦὨ 
where 
ὦ =  breadth of the beam perpendicular to the plane of bending; 

Ὠ =  effective depth of the beam in the plane of bending,  
Ὀ =  total depth of the beam in the plane of bending,  

ὼ  =  balanced depth of the beam in the plane of bending,  
‌ =  average design stress coefficient used to estimate the design 

compressive force in concrete, when maximum stress block is 
developed on the compression side, under balanced condition (see 
Fig. 26), 

 
 

FIG. 26 BALANCED CONDITION OF A CONCRETE BEAM IN FLEXURE 
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3)  Columns 
 
The maximum area ὃȟ  of total longitudinal steel in a column shall be: 

i) When longitudinal bars are spliced only by mechanical couplers: 
ὃȟ ὦὈπȢπτπ 

ii) When longitudinal bars are spliced by lapping alone, or by both 
mechanical couplers and lapping: 

ὃȟ ὦὈπȢπςυ 
 
4)  Structural walls and boundary elements of structural walls 

 

i) The maximum area max,slA  of total longitudinal (vertical) steel in the 

web of the structural wall in the two curtains together shall be given by: 
ὃȟ ὸὒ πȢπςπ 

 

ii) The maximum area max,slA  of total longitudinal (vertical) steel in the 

boundary element of the structural wall shall be given by: 
aa) When longitudinal bars are spliced only by mechanical couplers 

ὃȟ ὸὒ πȢπτπ 
bb) When longitudinal bars are spliced only by lapping, or by both 
mechanical couplers and lapping 

ὃȟ ὦὈπȢπσπ 
Extra precaution shall be exercised during preparation of reinforcement 
cage and concreting to address the likely congestion at locations of lapping.  

 
b) Transverse reinforcement 

 
A concrete member shall be deemed to have met the maximum transverse steel 
requirement, if the design shear stress † in beams, columns and structural 
walls complies with:  

† †ȟ  

in accordance with 9.2.6.1(e). 
 
 

9.2.5 Critical Sections 
 
a)  The stress-resultants shall be obtained at least at critical sections as specified 
hereunder, and the members designed for the same.  Reinforcing steel bars 
shall be designed for the critical sections; these bars can be curtailed at 
sections farther away from the critical section .  

 
b) In the design of beams and slabs continuous over supports, the provisions on 
positioning of imposed load specified in 6.1.2 shall be applicable. 

 
9.2.5.1 Bending moment 
 
a) The critical section for negative bending moment in a member shall be: 

 
1)  monolithic concrete structures: 
i) Beams: at the face of the support (columns or structural walls),  
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ii) Columns: at the soffit of the beam or top of the slab, 
iii) Structural Walls: at the soffit of the beams or top of the slab, 
iv) Footings: at the face of the column when the footing is flat or tapered, 
and the face of each step in the footing when the footing is stepped,   

v) Piles: at the soffit of the pile cap, or at the location of maximum bending 
moment depending on the relative lateral stiffness of soil and pile, and 

vi) Rafts: at the face of the columns or structural walls. 
 
2)  non-monolithic concrete structures: 
at locations determined considering the continuity with the adjoining 
concrete members. 

 
b) The critical section for positive bending moment in a member shall be: 

 
1) at the mid-span in simply supported beams of concrete structures subjected 
to the uniformly distributed loads and at a location determined by the 
calculation in case of non-uniformly distributed loads, and  

2) at a location determined considering the continuity between the adjoining 
concrete members in continuous concrete beams, non-monolithic concrete 
structures and monolithic concrete structures subjected to non-uniformly 
distributed loads. 

 
9.2.5.2 Shear force 
 
The critical section for shear force in slabs and beams shall be considered as specified 
hereunder.  
 
a) Slabs 

 
1) Solid slabs 
The critical section for shear force in a solid slab shall be taken as per 9.2.5. 

 
2)  Flat slabs 

 
i) The critical section for shear shall be at a distance ὨȾς from the periphery 
of the column, capital or drop, measured perpendicular to the plane of 
the slab, where Ὠ is the effective depth of the section (see Fig. 27).  The 
shape in plan is geometrically similar to the support immediately below 
the slab (see Fig. 28); for column sections with re-entrant angles, the 
critical section shall be taken as per Fig. 28(c) and (d). 

ii) In columns near the free edge of a flat slab, the critical section shall be 
taken as per Fig. 29. 
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FIG. 27A SLAB WITHOUT DROP AND COLUMN WITHOUT COLUMN HEAD 

 

 
FIG. 27B SLAB WITHOUT DROP AND COLUMN WITH COLUMN HEAD 

 

 
FIG. 27C SLAB WITH DROP AND COLUMN WITH COLUMN HEAD 

 
FIG. 27 CRITICAL SECTION FOR SHEAR FORCE IN FLAT SLABS 
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FIG. 28 CRITICAL SECTION IN PLAN FOR SHEAR FORCE IN FLAT SLABS 

 

 
 
FIG. 29 EFFECT OF FREE EDGES ON CRITICAL SECTION (IN PLAN) FOR SHEAR FORCE IN 

FLAT SLABS  
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b)  Beams 
 
1) RC Beams 

 
i) When beams carry uniformly distributed load, or the principal load is 
a concentrated load and located at a distance more than ςὨ from the 
face of the support (even though the reaction due to the applied load 
introduces compression in the support), the critical section for shear 
force shall be at: 
 
aa) a distance Ὠ from the face of the support, when the member is 
supported from below [see Fig. 30(a)], such that the reaction 
due to applied loads introduces compression in the support; and 

 
bb) the face of the support, when the member is supported from 
above [see Fig. 30(b)], such that the reaction due to applied loads 
introduces tension in the support. Here, sections located at a 
distance less than Ὠ from the face of the support shall be 
designed for the same shear force as that computed at a distance 
Ὠ from the face of the support,  

else the critical section for shear force in a member shall be at the 
face of the support [see Fig. 30(c)]. 

 

 
 

FIG. 30A UNIFORM COMPRESSION LOAD  AT A DISTANCE Ὠ FROM THE FACE OF THE 
COLUMN 
 

 

 
 

FIG. 30B UNIFORM OR CONCENTRATED TENSION ï AT THE FACE OF THE COLUMN 
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FIG. 30C UNIFORM OR CONCENTRATED COMPRESSION ï AT THE FACE OF THE COLUMN 

 
FIG. 30 CRITICAL SECTION FOR SHEAR FORCE UNDER DIFFERENT SUPPORT CONDITIONS 

 
2)  PSC Beams 

 
The critical section for shear force in a PSC beam shall be taken at a 
distance Ὠ from the face of the support. 

 
9.2.6 Design Strengths of Concrete and Steels 
 
a) Three types of strengths shall be considered, namely characteristic strength, 
design strength, and overstrength.  

 
b) The design strength Ὢ of a material shall be obtained as: 

Ὢ
Ὢ

‎
 

where  
Ὢ   =  characteristic strength of the material specified in 7.1, 7.2 and 

7.3, and 
‎  =  partial safety factor appropriate for material and the loading 

action  
 
c) The design strengths of concrete and steels shall be used in the design of the 
structural concrete sections and members.  

 
d) Higher grades of materials than that used in design shall not be used in 
beams.  
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9.2.6.1 Concrete  
 
a) In the design of concrete sections and members, the following seven design 
strengths of concrete shall be considered: 
1) Limiting design bearing strength Ὢ , 
2) Limiting design bond strength † ,  
3) Limiting design axial strength Ὢ  in axial compression,  

4) Limiting design axial strength Ὢ  in axial tension, 
5) Limiting design shear stress capacity †,  
6) Limiting design flexural strength Ὢ  in bending compression and  
7) Limiting design flexural strength Ὢ  in bending tension. 

 
b) The partial safety factor ‎ used in arriving at the above design strengths of 
concrete are given in Table 37.  

 
c) Designers may use lower of design strengths than those derived using ‎  

 
d) Design bearing strength Ὢ  

 
The design bearing strength Ὢ  of concrete shall be taken as πȢτυὪ, given 
by: 

Ὢ
πȢφψὪ

‎
πȢτυὪ  

where  
Ὢ  = characteristic compressive strength of concrete, and 
‎  = partial safety factor for concrete = 1.5. 

 
Table 37 Partial Safety Factors ‎ to be Used to Estimate  

Different Limiting Design Strengths of Concrete  
[Clause 9.2.6.1(b)] 

 

Sl No. Limiting Design Strengths of Concrete Partial Safety Factor ‎  

(1) (2) (3) 

i) Design Bearing Strength Ὢ  1.5 

ii) Design Bond Strength †  1.8 

iii) Design Axial Strength 

 (a) Ὢ  in compression  1.5 

(b) Ὢ  in direct tension ï 

iv) Design Shear Strength 

 (a) † in flexural shear 1.8 

(b) † ȟ  in maximum flexural shear 1.8 

(c) †  in punching shear 1.8 

(d) †  in distortional shear 1.8 

v) Design Flexural Strength 

 (a) Ὢ  in bending compression  1.5 

(b) Ὢ  in bending tension ï 
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e) Design bond strength †  
 

1) The design bond strength †  for reinforcing bars embedded in concrete 
shall be taken as: 

†

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ
πȢσππὪȢ

‎
πȢρφχὪȢ ρȢω -0Á&Åςυπ ÂÁÒÓ ÉÎ ÔÅÎÓÉÏÎ                                              

πȢτψπὪȢ

‎
πȢςφχὪȢ σȢρ -0Á&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÂÁÒÓ ÉÎ ÔÅÎÓÉÏÎ           

πȢσχυὪȢ

‎
πȢςπψὪȢ ςȢτ -0Á&Åςυπ ÂÁÒÓ ÉÎ ÃÏÍÐÒÅÓÓÉÏÎ                                   

πȢφππὪȢ

‎
πȢσσσὪȢ σȢω -0Á&Åτρυȟ&Åυππ ÁÎÄ &Åυυπ ÂÁÒÓ ÉÎ ÃÏÍÐÒÅÓÓÉÏÎ

 

where  
‎ =  partial safety factor for concrete in bond strength = 1.8  

2) When considering effects due to earthquake loads in beams, columns and 
structural walls, the values given in (1) for bars in tension shall be used for 
bars on both faces.  

3) When using self-compacting concretes, the design bond strength of 
concretes given in (1) shall be modified with suitable reduction factors 
determined based on experiments. In the absence of such experimental 
data, a reduction factor of 0.6 is recommended.  

 
f) Design axial strengths Ὢ  and Ὢ  

 
1) The design axial strength Ὢ  of concrete in axial compression shall be 
taken as: 

Ὢ
πȢφψὪ

‎
πȢτυὪ  

where  
‎ =  partial safety factor for concrete in compression = 1.5.  

 
2) The design axial strength Ὢ  of concrete in axial tension shall be taken as 
zero, when estimating the bending moment capacity or the axial force 
capacity of a concrete section or member in tension.  

 
g) Design shear strengths  

 
1) The design shear strength † of concrete and the maximum design 
shear strength † ȟ  of concrete shall be taken as: 

†
πȢσφ‗‗ ὴὪ

‎
‏ πȢς‗‗ ὴὪ  ‏

† ȟ

ừ
Ừ

ứ
πȢρυὪ

‎
πȢπψσὪ #ÏÎÃÒÅÔÅ ÏÆ ÇÒÁÄÅ -φπ ÁÎÄ ÌÏ×ÅÒ   

ω -0Á

‎
υ -0Á      #ÏÎÃÒÅÔÅ ÏÆ ÇÒÁÄÅ ÈÉÇÈÅÒ ÔÈÁÎ -φπ

 

where 
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‗  = cross-section size factor = 
ρȢππ          %ÆÆÅÃÔÉÖÅ ÄÅÐÔÈ Ὠ τππ ÍÍ

Ȣ

%ÆÆÅÃÔÉÖÅ ÄÅÐÔÈ Ὠ τππ ÍÍ
 

‗ = cross-section geometry factor = 

πȢψσ2ÅÃÔÁÎÇÕÌÁÒ ÏÒ ÓÑÕÁÒÅ ÓÅÃÔÉÏÎ
πȢχπ#ÉÒÃÕÌÁÒ ÓÅÃÔÉÏÎ                           

, 

‎  = partial safety factor for concrete in shear = 1.8, 
Ὢ  = characteristic compressive strength of concrete (MPa),  
ὴ = fraction ὃ ȾὦὨ of tension steel provided in the beam, and 

 = ‏
ρ

ȿ ȿ
ρȢυ 0 ÉÓ ÃÏÍÐÒÅÓÓÉÖÅ ÁØÉÁÌ ÌÏÁÄ

ρ
ȿ ȿ

π    0 ÉÓ ÔÅÎÓÉÌÅ ÁØÉÁÌ ÌÏÁÄ           
 

in which 
ὃ  = gross area of the concrete column,  

ὃ  = area of longitudinal tensile steel in the beam, 
ὦ = breadth of the beam parallel to the axis of bending,  
Ὠ = effective depth of the beam perpendicular to the axis of bending, 
Ὢ  = characteristic compressive stress capacity of concrete, and 

ὖ = design axial load on member obtained from factored loads applied 
on the structure, and 

2) The design punching shear strength †  of concrete shall be taken as: 

† Ὧ†  

where 

†  = 
Ȣ

πȢςπψὪ, and 

Ὧ =πȢυ ρ, 

wherein  
‎  = partial safety factor for concrete in punching shear = 1.8. 

3) The design shear strength †  of concrete in solid slabs (other than flat 

slabs) shall be taken as: 
† ȟ Ὧ †  

where 
†  = design shear strength of concrete, and 
Ὧ  = Factor to account for thickness of solid slab as per Table 38. 

 
Table 38 Ὧ  Required to Account for Thickness of Solid Slabs  

[Clause 9.2.6.1(g)] 
 

Overall Depth (mm) Ὀ Ὧ  

(1) (2) 

300 mm or more 1.00 

275 mm 1.05 

250 mm 1.10 

225 mm 1.15 

200 mm 1.20 

175 mm 1.25 

150 mm or less 1.30 

 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

176 

h) Shear strengths of concrete in walls 
 
1) The design shear strength † ȟ  and the maximum design shear 

strength of concrete in structural walls shall be taken as: 
† ȟ  = 

π

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
ứ πȢσπὪ

‎
σ
Ὄ

ὒ
πȢρφχὪ σ

Ὄ

ὒ
        

Ὄ

ὒ
ρ

πȢρσυπȢςφυσ
Ὄ

ὒ
Ὢ                      ρ

Ὄ

ὒ
ς

πȢπφχυὪ

‎

Ὄ
ὒ ρ

Ὄ
ὒ ρ

πȢπσχυὪ

Ὄ
ὒ ρ

Ὄ
ὒ ρ

ς
Ὄ

ὒ
χ

 

† ȟ πȢρτὪ  

where 
†  = design shear strength of concrete, and 
Ὧ  = Factor to account for thickness of solid slab as per Table 38. 

 
2) The permissible shear stress † ȟ  and the maximum permissible 

shear stress † ȟ  of concrete in structural walls shall be 

taken as: 

† ȟ πȢρπψὪ σ
Ὄ

ὒ
πȢπψσὪ  

† ȟ πȢρὪ  

where 
Ὢ  = characteristic strength of concrete,  
Ὄ  = Height of the wall from its base,  
ὒ  = Length of the Wall at its base,  
‎  = partial safety factor in concrete for punching shear, taken as 

1.8. 
 
3) The design distortional shear strength †  of concrete in beam-

column joints shall be taken as: 

†

ừ
Ử
Ử
Ừ

Ử
Ử
ứρȢρςυὪ

‎
*ÏÉÎÔÓ ÃÏÎПÉÎÅÄ ÂÙ ÂÅÁÍÓ ÏÎ ÁÌÌ τ ÆÁÃÅÓ

πȢωππὪ

‎
*ÏÉÎÔÓ ÃÏÎПÉÎÅÄ ÂÙ ÂÅÁÍÓ ÏÎ σ ÆÁÃÅÓ     

πȢχυπὪ

‎
/ÔÈÅÒ ÊÏÉÎÔÓ                                                   

 

where 
‎  = partial safety factor in concrete for joint shear, taken as 1.8. 

 
j) Design flexural strengths Ὢ  and Ὢ  

 
The design flexural strength Ὢ  of concrete in compression shall be taken 

as: 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

177 

ck
M

ck
Lbc f

f
f 45.0

68.0
==

g
, 

where ‎ = partial safety factor for concrete in compression = 1.5 

The design flexural strength Ὢ  of concrete in tension shall be taken as 
zero, when estimating the design bending moment capacity ὓ of a 
concrete section or member.  

 
9.2.6.2 Reinforcing steel  
 
a) In the design of concrete sections and members, the design strengths of 
reinforcing steel shall be considered as specified hereunder: 
1) Design axial strength Ὢ  of reinforcing steel in tension,  

2) Design axial strength Ὢ  of reinforcing steel in compression, and 
3) Design shear strength †. 

 
b) Designers may use values lower than those specified hereunder.  

 
c) Partial safety factors ‎ for reinforcing steel 
The partial safety factor ‎ for reinforcing steel shall be taken as given in Table 
39. 
 

d) Design axial strength Ὢ  
 
1)  The design axial strength Ὢ  of reinforcing steel in tension shall be taken 
as πȢψχὪ, which is given by: 

Ὢ
Ὢ

‎
πȢψχὪ 

where 
Ὢ  = characteristic tensile strength of reinforcing steel, and 

‎  = partial safety factor for reinforcing steel in tension = 1.15. 
 
2)  The design axial strength Ὢ  of reinforcing steel in compression shall be 
taken as the design axial strength Ὢ  of reinforcing steel in tension, which 
is given by: 

 
e) Design shear strength †  

 
The design tensile strength † of reinforcing steel to be used for estimating 
the shear strength of reinforcing steel shall be taken as:  

†
ὪȾЍσ

‎
πȢυὪ 

where 
Ὢ  = characteristic tensile strength of reinforcing steel, and 

             ‎  = partial safety factor for reinforcing steel in tension = 1.15. 
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Table 39 Partial Safety Factors ‎ for Reinforcing Steel 

[Clause 9.2.6.2] 
 

Sl 
No. 

Design Strength of Reinforcing Steel Partial Safety Factor 

Ἑ 

(1) (2) (3) 

i) Design axial strength  

 (a) Design Axial Strength  Ὢ  in tension  1.15 

(b) Design Axial Strength Ὢ  in compression 1.15 

ii) Design shear strength †  1.15 

 
9.2.6.3 Prestressing steel  
 
a) In the design of prestressing concrete sections and members, the design 
strengths of reinforcing steel shall be considered as specified hereunder: 
1) Design axial strength Ὢ  of prestressing steel in tension, and 

3) Design tensile strength †  of prestressing steel to be used for estimating 

the shear strength of prestressing steel. 
 
b) Designers may use values lower than those specified hereunder.  

 
c) Partial safety factors ‎ for prestressing steel 

 
The partial safety factor ‎ for prestressing steel shall be taken as given in 
Table 40. 

 

Table 40 Partial Safety Factors Mg  for Prestressing Steel 

[Clause 9.2.6.3(a)] 
 

Sl 
No. 

Design Strength of Prestressing Steel Partial Safety Factor 

Mg  

(1) (2) (3) 

i) Design axial strength Ὢ  in tension 1.15 

ii) Design shear strength †  1.15 

 
9.2.7 Stress-Strain Curves of Concretes and Steels 
 
The three sets of stress-strain curves of concrete and steels specified herein shall be 
used to estimate the following capacities of structural concrete sections and 
members: 

 
a)  The design stress-strain curves to estimate the limiting capacities, 
 
b)  The characteristic stress-strain curves to estimate the nominal capacities, and 
 
c)  The overstrength stress-strain curves to estimate the actual capacities.  
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9.2.7.1 Concrete  
 
a)  Idealised Unconfined Concrete 

 
The idealised monotonic stress-strain Ὢ ‐ curves of unconfined concrete in 
compression, to be used in design of concrete structures, shall be taken as (see 
Fig. 31): 
 
1) Design curve: 

Ὢ‐

ừ
Ử
Ừ

Ử
ứπȢφψὪ

‎
ς
‐

‐

‐

‐
π ‐ ‐

πȢφψὪ

‎
                                     ‐ ‐ ‐

 

2) Characteristic curve: 

Ὢ‐
πȢφψὪ ς

‐

‐

‐

‐
π ‐ ‐

πȢφψὪ                                     ‐ ‐ ‐

 

3) Overstrength curve: 
 
Ὢ  ‐ curve of unconfined concrete shall be determined from actual tests 
performed on specimen,  

 
where 
‐  =  Strain at design peak strength of unconfined concrete depends on the 

grade of concrete as per Table 41, 
 = πȢππρωππȢπππππυὪ  
‐   = Ultimate strain in unconfined concrete depends on the grade of concrete 

as per Table 41: 
 =  πȢππσχχυπȢππππρσχυὪ, 
‎  =  Partial safety factor for concrete, taken as 1.5, 
‐  =  Strain at peak strength of unconfined concrete from test, 

‐  =  Ultimate strain of unconfined concrete from test, 
”   =  Strength enhancement ratio with respect to peak strengths of unconfined 

concrete from test and of the characteristic value, and 
”  =  Strength enhancement ratio with respect to ultimate strengths of 

unconfined concrete from test and of the characteristic value. 
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FIG. 31 DESIGN STRESS-STRAIN CURVES OF UNCONFINED CONCRETE IN 

COMPRESSION FOR USE AS DESIGN, CHARACTERISTIC AND TEST 
CURVES 

 
Table 41 Strains at Design Peak Strength ‐ and Ultimate Strain ‐  of 

Unconfined Concrete in Compression 
[Clauses 9.2.4.1(b)(2) and 9.2.6.4] 

 

Sl 
No. 

Characteristic Compressive 
Strength Æ (MPa) of Concrete  

ʀ  ʀ  

(1) (2) (3) (4) 

i) 20 0.002 00 0.003 50 

ii) 25 0.002 03 0.003 43 

iii) 30 0.002 05 0.003 36 

iv) 35 0.002 08 0.003 29 

v) 40 0.002 10 0.003 23 

vi) 45 0.002 13 0.003 16 

vii) 50 0.002 15 0.003 09 

viii) 55 0.002 18 0.003 02 

ix) 60 0.002 20 0.002 95 

x) 65 0.002 23 0.002 88 

xi) 70 0.002 25 0.002 81 

 
      b)  Confined Concrete 
 

The monotonic stress-strain Ὢ ‐ curves of confined concrete in compression 
(see Fig. 32), to be used in assessment of concrete structures, shall be taken 
as:  
 
 
 

0.68f ck

ecuT

ec

f c

0.68f ck/gM

0.68rsuTf ck

0.68rsTf ck

ecp ecuecpT

Overstrength
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Design

0
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1)  Unconfined concrete: 

Ὢ‐
Ὢ ς

‐

‐

‐

‐
                π ‐ ‐Ȣ

πȢςὪ                                ‐Ȣ ‐         

 

where  
‐Ȣ  = Strain at πȢςὪ in post-peak unconfined stress-strain curve 

 = ρȢψω‐  

 

 
 
FIG.32 STRESS-STRAIN CURVE OF ACTUAL UNCONFINED AND CONFINED CONCRETE IN 

COMPRESSION FOR USE IN ASSESSMENT OF CONCRETE STRUCTURES 
 
 

2)  Confined concrete: 

Ὢ‐        

ừ
Ử
Ử
Ừ

Ử
Ử
ứὪ ς” ς”

‐

‐
τ” σ”

‐

‐
ς”

‐

‐
     π ‐ ‐

Ὢ ς” ς”
‐

‐
τ” σ”

‐

‐
ς”

‐

‐
‐ ‐ ‐

Ὢ
ὨὪ

Ὠ‐
‐ ‐ πȢςὪ                               ‐ ‐            

 

where  

ccTe  = Strain at point of tangent to post-peak confined stress-strain curve 

 = 
‐ ” ” ρ

‐Ȣ                ” ” ρ
  

ccTf  = Stress at point of tangent to post-peak confined stress-strain curve 

 = Ὢ ς” ς” τ” σ” ς”  

 = Slope at point of tangent to post-peak confined stress-strain 

curve 
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 = φ” φ” ψ” φ” ς”  

‐   = 

ừ
Ử
Ừ

Ử
ứ‐

Ȣ
‐ π

‐                                        π

 

Ὢ  = Peak strength of unconfined concrete =πȢφψὪ, 

‐  = Strain at peak strength of unconfined concrete, 

‐  = Ultimate strain capacity of unconfined concrete, 
Ὢ  = Peak strength of confined concrete  

 = Ὢ ρ ςȢυ”  

” = Strength enhancement factor  

 =  

‐  = Strain at peak strength of confined concrete  

 = ‐ ρ ς” ρ  

” = Strain enhancement factor  

 =  

‐  = Ultimate strain capacity of confined concrete  

 = άὭὲ”‐ Ƞ ‐Ȣ  

‐Ȣ  = Strain at ccpf85.0  in post-peak confined stress-strain curve, 

 
i)  Rectangular sections 

 
a)  Effective Area Ratio 
”  = Effective area ratio 

 =  

where 
1) Solid section (see Fig. 33) 
”  = Area ratio of transverse reinforcement along x-direction 

 = В  

”  = Area ratio of transverse reinforcement along y-direction 

 = В  

wherein 
ὃ  = Area of cross-section of transverse bar i along x-direction 

perpendicular to dimension Ὀ, 
ὃ  = Area of cross-section of transverse bar i along y-direction 

perpendicular to dimension ὄ, 
ὔ  = Number of legs of transverse reinforcements along x-

direction, 
ὔ  = Number of legs of transverse reinforcements along y-

direction, 
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ὄ = Dimension of cross-section along x-direction (viz., 
perpendicular to the transverse reinforcements along y-
direction),  

Ὀ = Dimension of cross-section along y-direction (viz., 
perpendicular to the transverse reinforcements along x-
direction, and 

ί = Spacing of transverse reinforcement along the 
longitudinal direction. 

 
2) Hollow section 
”  = Area ratio of transverse reinforcement along x-direction 

 = В  

”  = Area ratio of transverse reinforcement along y-direction 

 = В  

wherein 
ὃ  = Area of cross-section of transverse bar i along x-direction 

perpendicular to dimension Ὀ, 
ὃ  = Area of cross-section of transverse bar i along y-direction 

perpendicular to dimension ὄ, 
ὔ  = Number of legs of transverse reinforcements along x-

direction, 
ὔ  = Number of legs of transverse reinforcements along y-

direction, 
ὄ = Dimension of cross-section along x-direction (viz., 

perpendicular to the transverse reinforcements along y-
direction),  

Ὀ = Dimension of cross-section along y-direction (viz., 
perpendicular to the transverse reinforcements along x-
direction, and 

ί = Spacing of transverse reinforcement along the 
longitudinal direction. 

 
b)  Effective Area Ratios for best confinement 

 
The best effective area ratio ” ȟ  is achieved when: 

1) The effective area ratio is same along the along both directions of 
the section, i.e., ” ” .  

2) The transverse reinforcement is distributed uniformly across the 
width of the section along both directions.  

 
ii)  Circular sections (see Fig. 34) 

 
a)  Effective Area Ratio 

”  = Effective area ratio 

 = 
 ȟ  ȟ

ȟ   ȟ
 

where 
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1)  Solid section 
 
”ȟ  =  Area ratio of transverse reinforcement along  

  circumferential direction 

 =   

”ȟ  =  Area ratio of transverse reinforcement along radial 

direction 

 =  

wherein 
ὃ  = Area of cross-section of transverse reinforcement along  
  circumferential direction,  
ὃ  = Area of cross-section of transverse reinforcement along 

radial direction, 
Ὀ = Diameter of the circular section. 

 
2) Hollow section 
”ȟ  =  Area ratio of transverse reinforcement along  

  circumferential direction 

 =  ȟ ȟ  

”ȟ  =  Area ratio of transverse reinforcement along radial 

direction 

 =  

wherein 
ὃ ȟ  = Area of cross-section of transverse reinforcement at 

the inner edge of the section along circumferential 
direction,  

ὃ ȟ  = Area of cross-section of transverse reinforcement at 

the outer edge of the section along circumferential 
direction,  

ὃ  = Area of cross-section of one transverse 
reinforcement tie along radial direction, 

Ὀ  = Outer diameter of the circular section, and  
Ὀ  = Inner diameter of the circular section. 

 
b)  Area Ratios for best confinement 

 
The best effective area ratio ” ȟ  is achieved when: 

 
1) The effective area ratio is same along the along both directions of 
the section, i.e., ”ȟ ”ȟ , i.e.,  

ὃ
“ὃ ȟ ὃ ȟ

ὔ

ρ
Ὀ
Ὀ

ρ
Ὀ
Ὀ

 

2) The radial reinforcement ties are distributed uniformly across the 
perimeter of the section.  
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FIG. 33A 
 

                      
 
             FIG. 33B                                                  FIG. 33C                                   

 

FIG. 33 DETAILS OF GEOMETRIC PARAMETERS USED IN ESTIMATION OF er IN RECTANGULAR 

SECTIONS 
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         FIG. 34A                                                        FIG. 34B                                    

 

FIG. 34 DETAILS OF GEOMETRIC PARAMETERS USED IN ESTIMATION OF er IN CIRCULAR 

SECTIONS 
 
9.2.7.2 Reinforcing steel 
 
The idealised monotonic stress-strain Ὢ ‐ curves of reinforcing steel in both tension 
and compression (see Fig. 35) shall be taken as: 

 
a)  Design curve: 

Ὢ‐

ừ
Ử
Ừ

Ử
ứὪ

‎

‐

‐Ⱦ‎
    π ‐

‐

‎

Ὢ

‎
                   

‐

‎
‐ ‐

 

b)  Characteristic curve: 

Ὢ‐
Ὢ
‐

‐
    π ‐ ‐

Ὢ          ‐ ‐ ‐

 

c)  Overstrength curve: 
 
Ὢ  ‐ curve of reinforcing steel shall be determined from actual tests 
performed on reinforcing bars,  

where 
Ὢ  = Characteristic yield stress of reinforcing steel under uniaxial tension,  

Ὢ   = Actual yield stress of reinforcing steel under uniaxial tension,  

Ὢ   = Actual ultimate stress of reinforcing steel under uniaxial tension,  

‎  = partial safety factor for reinforcing steel, taken as 1.15, 
‐  = ὪȾὉ, yield strain of reinforcing steel under uniaxial tension,  

‐  = ÒÕÐÔÕÒÅ strain of reinforcing steel under uniaxial tension,  
Ὁ  = Modulus of elasticity of reinforcing steel, 

Ὁ   = Strain hardening modulus of reinforcing steel, taken as Ὢ Ὢ Ⱦ‐

shA 3slA2slA1slA shA
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‐ , 

‐   = Actual ultimate strain in reinforcing steel, taken from experimental data, and 

ɱ  = ultimate overstrength factor for reinforcing steel, taken as Ὢ ȾὪ from 

experimental data. 

 
FIG. 35 DESIGN STRESS-STRAIN CURVES OF REINFORCING STEEL IN TENSION AND IN 
COMPRESSION FOR USE AS DESIGN, CHARACTERISTIC AND OVERSTRENGTH CURVES 

 
9.2.7.3 Prestressing steel 
 
The idealised monotonic stress-strain Ὢ ‐ curves of prestressing steel in both 

tension and compression (see Fig. 36) shall be taken as: 
 
a)  Design curve: 

Ὢ ‐

ừ
Ử
Ừ

Ử
ứ
Ὢ

‎

‐

‐ Ⱦ‎
                                  π ‐

‐

‎

Ὢ

‎

‐ ‐ Ὁ

‎
                

‐

‎
‐ ‐

 

 
b)  Simplified design curve: 

Ὢ ‐

ừ
Ử
Ừ

Ử
ứὪ

‎

‐

‐ Ⱦ‎
    π ‐

‐

‎

Ὢ

‎
                    

‐

‎
‐ ‐

 

 
c)  Characteristic curve: 

Ὢ ‐
Ὢ

‐

‐
    π ‐ ‐

Ὢ            ‐ ‐ ‐

 

d)  Overstrength curve: 
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Ὢ  ‐  curve of prestressing steel shall be determined from actual tests 

performed on reinforcing bars,  
where 
Ὢ  = Characteristic yield stress of prestressing steel under uniaxial tension,  

Ὢ   = Actual yield stress of prestressing steel under uniaxial tension,  

Ὢ   = Actual ultimate stress of prestressing steel under uniaxial tension,  

‎  = partial safety factor for prestressing steel, taken as 1.15, 
‐   = ὪȾὉ , yield strain of prestressing steel under uniaxial tension,  

‐   = ὶόὴὸόὶὩ strain of vsteel under uniaxial tension,  

Ὁ   = Modulus of elasticity of prestressing steel,  

Ὁ   = Strain hardening modulus of prestressing steel, taken as Ὢ Ὢ Ⱦ

‐ ‐ , 

‐   = Actual ultimate strain in prestressing steel, taken from experimental data,  

ɱ   = yield overstrength factor for prestressing steel, taken as Ὢ ȾὪ from 

experimental data, and 
ɱ   = ultimate overstrength factor for prestressing steel, taken as Ὢ ȾὪ  from 

experimental data. 
 
The simplified design monotonic stress-strain (Ὢ ‐) curve shall be used only in 

simply supported prestressed concrete members, whose failure does not jeopardize 
life. 
 

 
FIG. 36 DESIGN STRESS-STRAIN CURVES OF PRESTRESSING STEEL IN TENSION FOR USE AS 

DESIGN, CHARACTERISTIC AND OVERSTRENGTH CURVES 

 
9.3 Design for Strength 
 
The design for strength of a structure shall be performed by designing each of its 
members along with the joints and connections between them to resist the 
elongation/compression, bending, shearing or twisting (and the consequent stress-
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resultants) imposed on them by the probable most unfavourable combination of loads 
applied on the structure as specified in Table 2 (with appropriate partial safety factors 
for loads in each combination).  The design strength of a member at a section 
(including the effect of partial safety factors for material strength) shall be more than 
the corresponding demand associated with each stress-resultant or in combination, 
and estimated as its resistance corresponding to when any of its constituent materials 
reaches a limit state (either of strain or stress) specified hereunder. 
 
This standard recommends the estimation of the design resistance of a member 
considering limiting strains (which are different from the yield strains of materials) 
when estimating the axial force and bending moment resistances, and limiting stresses 
when estimating the shear force and torsional moment resistances.  Hereinafter, the 
design resistances of members corresponding to these limiting strains and stresses 
shall be called as the limiting strength capacities.  
 
9.3.1 Stability  
 
The structure shall meet the following requirements related to stability. 
 
a)  Equilibrium stability ï A structure shall meet the provisions of overall stability 
specified in 9.1 before its members, joints and connections are designed for 
strength. 

 
b)  Elastic stability ï Each member (namely beam, column and structural wall) shall 
meet the maximum slenderness ratios specified in 9.2.3.1 before it is designed 
for strength.  Failure resulting from elastic instability in beams and columns can 
be avoided by complying with 9.2.3.1 and 9.2.3.2, and accounting for effective 
lengths of members under axial, bending and combined axial-bending actions 
by suitably proportioning its size (as per 9.2.3), and accounting for its bending 
moment capacity for the axial load appearing on it (as specified in 9.3.2.3 and 
9.3.2.4). 

 
c)  Plastic stability ï The structure shall meet the provisions specified in 5.7 and 
5.8 under the action of load combinations as per Table 5 and 6.4. 

 
9.3.2 Limiting strength capacities  
 
a) The limiting strength capacities of sections of concrete members shall be those 
corresponding to the limiting: 
1) strain specified in 9.3.2.3 and 9.3.2.4 when estimating axial force and 
bending moment capacities, respectively; and 

2) stress specified in 9.3.2.5 and 9.3.2.6 when estimating shear force and 
torsion moment capacities, respectively. 

 
b) Concrete members provided with reinforcement or prestressing steel as tension 
steel 
shall be designed to behave in a under-reinforced manner with yielding of 
reinforcing steel in tension and not with crushing of concrete in compression. 
More stringent requirements than those specified hereunder are given in            
IS 13920 for design and detailing of concrete structures meant to resist effects 
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of earthquake shaking.   
 
c) The provisions given hereunder shall be applicable in the design of shallow 
concrete members.  In the design of deep concrete members, special 
calculations shall be performed in the analysis and design of such members, 
including the use of the strut & tie method or the prescriptive method in 
accordance with 8.3. 

 
9.3.2.1 Assumptions 
 
The following assumptions shall be made when estimating the limiting axial load 
capacity ὖ and limiting bending moment capacity ὓ of shallow concrete members 
with reinforcing steel or prestressing steel: 
 
a) Plane sections (normal to the axis of bending) before bending remain plane 
after bending. 

 
b) The tensile strength of the concrete is ignored. 
 
c) The characteristic bending compressive strength of concrete is πȢφψὪ, and the 
design bending compressive strength is πȢφψὪ Ⱦ‎ πȢτυὪ, where the 
partial safety factor ‎ is 1.5 for concrete in compression. 

 
d) The design stress-strain Ὢ ‐ curve of concrete in compression shall be 
taken as per 9.2.6.4. 

 
e) The characteristic tensile strength of reinforcing steel is Ὢ, and prestressing 

steel is Ὢ.  And, the design tensile strength of reinforcing steel is ὪȾ‎

πȢψχὪ, where the partial safety factor ‎ is 1.15 for steel reinforcement bars in 

tension and compression; and prestressing steel is Ὢ Ⱦ‎ πȢψχὪ, where 

the partial safety factor ‎ is 1.15 for prestressing steel in tension. 
 
f) The design stress-strain curve of reinforcing steel in tension and compression, 
namely Ὢ ‐ curve, is as specified in 9.2.6.5, and prestressing steel in 

tension, namely Ὢ ‐  curve, is as specified in 9.2.6.6. 

 
g) The limiting strain in:  
1) reinforcing steel in the outermost layer in compression or tension is: 

‐ȟ πȢππςπ
πȢψχὪ

Ὁ
ȟ 

 
2) prestressing steel in the outermost layer in tension is: 

‐ ȟ

ừ
Ử
Ừ

Ử
ứπȢππςπ

πȢψχὪ

Ὁ
×ÈÅÎ ÃÒÁÃËÉÎÇ ÉÓ ÐÅÒÍÉÔÔÅÄ       

πȢππρπ
πȢψχὪ

Ὁ
×ÈÅÎ ÃÒÁÃËÉÎÇ ÉÓ ÎÏÔ ÐÅÒÍÉÔÔÅÄ

 

3) concrete in compression is: 
‐ȟ ‐Ȣ 
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9.3.2.2 Minimum eccentricity 
 
a) Columns and structural walls under compression shall be designed for at least 
the bending moments arising out of the minimum eccentricities of the axial load 
for bending about each of the two axes of the cross-section of the member, 
given by: 
 
1) For bending about the 8  axis perpendicular to the dimension Ὀ of the 
cross-section of the member, 

Ὡȟ άὥὼ
ὰ

υππ

Ὀ

σπ
Ƞ   
Ὀ

ςπ
Ƞ   ςπ ÍÍ  

where ὰ is the unsupported lengths for bending about 8  axis; and  
2) For bending about the 9  axis perpendicular to the dimension ὦ of the 
cross-section of the member, 

Ὡȟ άὥὼ
ὰ

υππ

ὦ

σπ
Ƞ   
ὦ

ςπ
Ƞ   ςπ ÍÍ  

where ὰ is the unsupported lengths for bending about 9  axis.  
 
b)  Structural walls under compression shall be designed for an additional 
eccentricity Ὡȟ  due to slenderness effect in the out-of-plane direction given 

by: 

Ὡȟ ς
Ὄ

ςυππ
 

where Ὄ  is the effective height of structural wall for bending about the minor 
axis.  

 
c)  The unsupported length ὰ and ὰ of a compression member shall be taken 
as the clear distance between end restraints, except as below: 

 
1) Moment frame structures with beams restrained laterally by RC slabs ï  
Clear distance between the floor (below) and the soffit of the shallower 
beam (at the next higher floor level above) framing into the column in each 
direction; 
 

2) Moment frame structures with beams restrained laterally by RC beams with 
RC brackets at the beam-column joints ï  
Clear distance between the floor (below) and the bottom edge of the bracket 
(at the next higher floor level above), provided the width of the bracket is at 
least that of the beam strut and the width is at least half that of the column; 
 

3) Braced frame structures 
Clear distance between consecutive braces (one below and one above) in 
each vertical plane, provided each brace is an adequate support ensured 
by: 
i) Brace having adequate cross-section dimension,  
ii) Brace being anchored to restrain the column against lateral 
deflection, and  
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iii) The angle between vertical planes through the braces is in the range 
60Áï120Á, when two such struts meet the column at about the same 
level; and 

 
4) Flat slab structures 
Smaller of the clear distances between the floor (below) and the lower 
extremity, the drop panel and the slab (above). 

 
d)  For columns and structural walls under tension, no minimum eccentricity is 
specified. In such cases, it shall be ensured that the trace of ὖȟὓ  lies within 
the ὖ  ὓ limiting strength interaction envelope.  

 
9.3.2.3 Limiting axial force capacity ὖ 
 
a) Limiting strains 
A concrete member shall be said to have reached its limit state at a section 
under the action of axial force, when at a section: 
1) reinforced members under: 
i) compression ï concrete in compression and reinforcing steel in tension 

reach the limiting strain lim,ce ; and 

ii) tension ï reinforcing steel in tension reaches the limiting strain lim,se ;  

2) prestressed members under: 
i) compression ï concrete in compression, reaches the limiting strain 

lim,ce ; and 

ii) tension ï prestressing steel in tension reaches the limiting strain lim,se ; 

the contribution of reinforcing steel to ὖ shall be neglected.  
 
The axial force resisted by the concrete member when the member reaches the 
said limit state at a section shall be taken as the design axial force capacity ὖ 
of that section. 

 
b)  Pedestals  

 
The design limiting axial force capacity ὖ of a RC pedestal [9.2.3.1(c)(i)] in 
compression shall be taken as: 

ὖ πȢτυὪὃ Ὢ πȢτυὪ ὃ 

 
c)  Short columns 

 
The design limiting axial force capacity of a RC short column [9.2.3.1(c)(ii)]: 
 

ὖ
–πȢτυὪὃ Ὢ πȢτυὪ ὃ ÉÎ #ÏÍÐÒÅÓÓÉÏÎ

–Ὢὃ                                                    ÉÎ 4ÅÎÓÉÏÎ          
 

 
and the design limiting axial force capacity of a prestressed concrete short 
column [9.2.3.1(c)(ii)]: 
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ὖ
–πȢτυὪὃ Ὢ πȢτυὪ ὃ Ὢ Ὢ ὃ ÉÎ #ÏÍÐÒÅÓÓÉÏÎ

–Ὢὃ                                                                                                       ÉÎ 4ÅÎÓÉÏÎ          
 

 
where 
ὃ = gross area of the cross-section in compression, 

ὃ = total area of longitudinal reinforcing steel, 
ὃ  =  area of longitudinal prestressing steel in compression, 

Ὢ  =  characteristic strength of concrete, 
Ὢ  =  design stress in steel corresponding to an axial strain of ‐ȟ , 
Ὢ  =  stress in the prestressing steel (including the effect of losses) 

corresponding to an axial strain of ‐ȟ , 
Ὢ  =  stress in the concrete at the level of prestressing steel corresponding 

to an axial strain of ‐ȟ , and 

–  = 0.90, the eccentricity factor to reduce the axial force capacity in view of 
the requirement to design for a minimum eccentricity of 5 percent of 
dimension of the member perpendicular to the axial of bending. 

 
d)  Long columns 

 
A RC or PSC long column [9.2.3.1(c)(iii)] in compression or tension shall be 
treated as a beam-column for the purpose of this standard.  Hence, its design 
axial force capacity ὖ shall not be estimated independently.  It shall be 
designed for the combined action of axial force ï bending moment as specified 
in 9.3.2.7. 

 
9.3.2.4 Design limiting bending moment capacity ὓ  
 
The design limiting bending moment capacity ὓ of RC flexural members of 
rectangular cross-section shall be estimated as specified hereunder.  When other 
cross-section shapes are used, the cross-section shall be discretised into a number of 
fibers (corresponding separately to reinforcing steel bars and concrete) parallel to the 
axis of bending, and ὓ of those cross-sections shall be ascertained by the same 
procedure. 
 
a)  Limiting strains 

 
A concrete member shall be said to have reached its limit state at a section 
under the action of bending moment, when at a section: 
 
1) reinforced members: either concrete or reinforcing steel reaches the 
corresponding limiting strain ‐ȟ  or ‐ȟ , respectively; and 

2) prestressed members: either concrete or prestressing steel reaches the 
corresponding limiting strain ‐ȟ  or ‐ ȟ , respectively. 

 
The bending moment resisted by the concrete member when the member 
reaches the said limit state at a section shall be taken as the design bending 
moment capacity ὓ of that section. 
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b) Slender beams 
 
1) RC slender beams, slabs, footings and rafts shall be designed to be under-
reinforced section.  The design bending moment capacity ὓ of RC beams 
shall be obtained by solving iteratively the following set of governing 
nonlinear equations: 
i) Equilibrium of forces and moment at a section  
ii) Compatibility of strains at a section  
iii) Constitutive law of constituent materials 

 
2)  The estimation of limiting moment capacity ὓ of a doubly-reinforced 
rectangular RC section designed to be under-reinforced shall be as given 
hereunder (see Fig. 37). 

 
i) Equilibrium of forces and moment at a section  

 
Force Equilibrium:  

Ὢȟ ὦὼ Ὢ Ὢ ὃ Ὢ ὃ  (1) 

Moment Equilibrium:  
ὓ Ὢȟ ὦὼ ὼ ὼ Ὢ Ὢ ὃ ὼ Ὠ
Ὢ ὃ Ὠ ὼ  (2) 

 
ii) Compatibility of strains at a section 

‐ ‐ȟ  (3) 

‐ ‐ȟ  (4) 

‐ ‐ȟ  (5) 

 
FIG. 37 STRAIN AND STRESS DISTRIBUTIONS ACROSS A DOUBLY-REINFORCED 

RECTANGULAR RC SECTION 
 
 

iii) Constitutive law of constituent materials 

Ὢȟ ‐
πȢτυὪ    π ‐ ‐

πȢτυὪ ρ          ‐ ‐ ‐

 (6) 

Ὢ ‐ Ὁ‐  (7) 
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Ὢ ‐
πȢτυὪ ς    π ‐ ‐

πȢτυὪ                                   ‐ ‐ ‐

 (8) 

 
3)  For the section to be under-reinforced, strain ‐ in reinforcing steel on 
the tension side shall be the limiting strain ‐ȟ  specified, and that in 
the extreme fiber of concrete less than the limiting strain ‐ȟ , where 

‐ȟ πȢππςπ , and  (9) 

‐ȟ ‐.  (10) 

 
Thus, the limiting depth ὼ of neutral axis shall be less than the balanced 
depth ὼ  of neutral axis, where ὼ  is given by: 

ὼ
Ȣ
Ὠ, (11) 

Therefore, ὼ shall be estimated as per the iteration scheme below: 
 

ὼ  ‐ Ὢȟ ‐  ὼ  

mm mm / mm MPa mm 

 Eq.(3) Eq.(6) Eq.(1) 

ὼ     

é    

é    

é   ὼ 

 
Then, the limiting moment capacity ὓ of the Member shall be given 
by: 

‌ρ ‍ ρ

 (12) 

where 

‌
πȢτυ    π ‐ ‐

πȢτυρ          ‐ ‐ ‐

, (13) 

‍

ừ
Ử
Ừ

Ử
ứ                 π ‐ ‐

‐ ‐ ‐

. (14) 

 
c)  Slabs, footings and rafts 

 
The design bending moment capacity ὓ of RC slabs, footings and rafts shall 
be estimated by the same method as that in RC beams, but considering unit 
width of the slab as width ὦ of the beam for the purpose of calculations.  
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d)  Prestressed concrete beams with bonded tendons 
 
1) Even PSC beams shall be designed to behave in a ductile manner with 
prestressing steel reaching the limiting strain in tension before concrete 
reaching the limiting strain in compression.  The effect of prestressing steel 
alone shall be considered in the estimation of limiting moment capacity ὓ 
of prestressed beams; the contribution of the untensioned longitudinal 
reinforcing steel to ὓ shall be neglected.  

2) The limiting bending moment capacity ὓ at a section of a PSC beam with 
bonded tendons also shall be obtained (as in slender RC beams) by solving 
iteratively the following nonlinear equations: 
i) Equilibrium of forces and moment at a section,  
ii) Compatibility of strains at a section, and  
iii) Constitutive Law of constituent materials. 
Also, since contribution to ὓ of reinforcing steel is neglected, the PSC 
section shall be treated as a singly-reinforced section.  

3) The limiting moment capacity ὓ of a bonded prestressed rectangular 
section designed to be under-reinforced shall be estimated as given 
hereunder (see Fig. 38). 
i) Equilibrium of forces and moment at a section  
Force Equilibrium:  

Ὢȟ ὦὼ Ὢ ὃ  (17) 

Moment Equilibrium:  
ὓ Ὢ ὃ Ὠ ὼ  (18) 

ii) Compatibility of strains at a section 

‐ ‐ ȟ  (19) 

iii) Constitutive law of constituent materials 

Ὢȟ ‐
πȢτυὪ    π ‐ ‐

πȢτυὪ ρ          ‐ ‐ ‐

 (20) 

Ὢ ‐ Ὁ‐  (21) 

 

 
 

FIG. 38 STRAIN AND STRESS DISTRIBUTIONS ACROSS A BONDED PRESTRESSED 
RECTANGULAR SECTION 
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4) For the bonded PSC section to be under-reinforced, strain ‐ in reinforcing 

steel on the tension side shall be the limiting strain ‐ ȟ  specified, and that 

‐ in the extreme fiber of concrete less than the limiting strain ‐ȟ , where 

‐ ȟ πȢππςπ , and  (21) 

‐ȟ ‐.  (22) 

 
But, to begin with, the limiting depth ὼ of neutral axis shall be taken as the 
balanced depth ὼ  of neutral axis given by: 

ὼ
ȟ
Ὠ, (23) 

and ὼ estimated by the iteration scheme given below: 
 

ὼ  ‐ Ὢȟ ‐  ὼ  

mm mm / mm MPa mm 

 Eq.(19) Eq.(20) Eq.(17) 

ὼ     

é    

é    

é   ὼ 
 

 Then, the limiting moment capacity ὓ of the member shall be given by: 

‌ρ ‍  (24) 

where 

‌
πȢτυ    π ‐ ‐

πȢτυρ          ‐ ‐ ‐

, (25) 

‍

ừ
Ử
Ừ

Ử
ứ                 π ‐ ‐

‐ ‐ ‐

. (26) 

 
e)  Prestressed concrete beams with unbonded tendons 
1) The limiting bending moment capacity ὓ at a section of a PSC beam with 
unbonded prestressing steel shall be obtained by: 
i)  considering stress Ὢ in unbonded prestressing steel after losses at the 

section considered, and associated total strain ‐ in unbonded 

prestressing steel as known at that section (see Fig. 39) as given by: 

‐ ‐ τ
Ὡ

ὒ

‏

ὒ
 

where 
‐ =  initial strain in prestressing steel after losses, 
Ὡ  =  eccentricity of unbonded tendon with respect to the anchorage 

at the end, 
 expected maximum deflection under the loads applied as per  = ‏

load combinations specified in Table 2, and 
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ὒ =  centre to centre distance between supports of the prestressed 
member; and 

 
FIG. 39 PARAMETERS RELATED TO PROFILE OF PRESTRESSING STEEL IN AN 

UNBONDED PRESTRESSED MEMBER: (A) BEFORE DEFORMATION, AND 
(B) AFTER DEFORMATION 

 
 

ii)  using the nonlinear system of governing equations namely equilibrium 
of forces at a section, and constitutive law of constituent materials. 

2) The limiting moment capacity ὓ of an unbonded prestressed rectangular 
section designed to be under-reinforced shall be estimated as given 
hereunder (see Fig. 40). 
i) Equilibrium of forces and moment at a section  
Force Equilibrium:  

Ὢȟ ὦὼ Ὢὃ  (27) 

Moment Equilibrium:  

ὓ Ὢὃ Ὀ ὼ  (28) 

ii) Compatibility of strains at a section 

‐ ‐  (29) 

iii) Constitutive law of constituent materials 

Ὢȟ ‐
πȢτυὪ    π ‐ ‐

πȢτυὪ ρ          ‐ ‐ ‐

 (20) 

Ὢ ‐ Ὁ‐  (30) 
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FIG. 40 STRAIN AND STRESS DISTRIBUTIONS ACROSS AN UNBONDED 

PRESTRESSED RECTANGULAR SECTION 
 
 

3) For the bonded PSC section to be under-reinforced, strain ‐ in 

prestressing steel on the tension side and hence Ὢ are known. Also, strain 

‐ in the extreme fiber of concrete less than the limiting strain ‐ȟ . But, to 

begin with, ‐ shall be taken as the limiting strain ‐, and ὼ estimated by 
the iteration scheme given below: 

 
‐ȟ  Ὢȟ ‐  ὼ ‐ȟ  

mm / mm MPa mm mm / mm 

 Eq.(20) Eq.(27) Eq.(29) 
‐     

é    

é    

é   ‐ 

  
4) Once ‐ is solved, the design is acceptable only if ‐ ‐: 
i) If ‐ ‐, ‍ shall be estimated using eq.(26), and then ὼ  using ὼ
‍ὼ. And, finally ὓ shall be estimated using eq.(28); and  

ii) If ‐ ‐, the cross-section geometry, grade of concrete, and amount 
of prestressing steel shall be revised. 

 
 

f)  Columns and structural walls 
 
RC columns and structural walls shall be designed for combined effects of 
design axial force ὖ and design bending moment ὓ  considering ὖ ὓ 
interaction of the member (as specified in 9.3.2.7), and not just for the effect of 
design bending moment ὓ . When structural walls are provided with boundary 
elements, the said calculations shall be performed considering the full cross-
section as a single entity; the cross-section shall not be considered separately 
as web and boundary elements and principle of superposition applied. 

 
9.3.2.5 Design shear force capacity ὠ 
 
A concrete member shall resist the design shear force demand ὠ at the critical section 
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by both concrete and transverse reinforcement steel.  
 

a)  Limiting stress 
 
Under the action of shear force, at the critical section of a reinforced concrete 
or prestressed concrete member: 
1) Contribution of concrete  
Concrete shall be assumed to have reached its limiting stress of †, the 
design shear strength of concrete; and 

2) Contribution of transverse reinforcing steel 
Transverse reinforcing steel shall be assumed to have reached its limiting 
stress of πȢψχὪ but not more than 415 MPa, the design tensile strength of 

reinforcing steel. 
 
The shear force resisted by the concrete member when the member reaches 
these said limiting stresses simultaneously at a section shall be taken as the 
design shear force capacity ὠ of that section.  In flanged sections, only the 
width of the web shall be considered in the estimation of the design shear force 
capacity of a RC beam, column and structural wall.  Shear reinforcement shall 
be provided only in the form of vertical stirrups. 

 
b)  RC beams and columns 

 
1) Shear reinforcement shall be provided as per the following: 
i)  When π † †, minimum shear reinforcement shall be provided as 
specified in 9.2.4.1(b),  

ii) When † † †ȟ , shear reinforcement shall be provided as 

specified hereunder, and 
iii) When †ȟ †, the member size shall be revised to increase its shear 
area, 

where  
† =  design shear stress demand at a RC section 

 = 
  

 

, 

in which  
ὓ  =  design bending moment at the critical section for shear, and 
‍ =  angle of inclination of the compression surface of the beam in tapered 

beams, and taken as 0Ü in prismatic members. 
 
In the above expression, the negative sign applies when the bending 
moment ὓ  increases numerically in the same direction as the effective 
depth Ὠ increases, and the positive sign when it decreases. 
 

2) The limiting design shear force capacity of a RC beam or column shall be 
estimated as: 

ὠ ὠ ὠ  
where 
ὠ  =  contribution of concrete 
 =  †ὦὨ, 
ὠ  =  contribution of reinforcing steel  
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 =  πȢψχὪὃ , 

in which 
ὃ  =  total cross-sectional area of transverse steel reinforcement  

 =  ὔ , 

Ὠ  =  effective depth of the member, 
ί  =  spacing of the stirrups along the length of the member, 
Ὢ  =  characteristic strength of the bars used as stirrups,  

ὔ   =  number of legs in transverse reinforcement at each section of 
the member, 

‰   =  diameter of the bar used as transverse reinforcement, 
ȣ  =  integral value of the number, 

† =  design shear strength of concrete as specified in 9.2.6.1(d), and 
†ȟ  =  maximum design shear stress of concrete as specified in 

9.2.6.1(d). 
 
c)  RC structural walls 

  
The limiting shear force capacity of a RC structural wall shall be estimated as: 

ὠ ὠ ὠ  
where 
ὠ  =  contribution of concrete 
 =  † ȟ πȢψὒ ὸ, 
ὠ  =  contribution of reinforcing steel 

 =  πȢψχὪὃ
Ȣ

, 

in which 
ὃ  =  total cross-sectional area of transverse steel reinforcement  

 =  ὔ , 

ὒ  =  length of the wall, 

ί  =  spacing of the horizontal stirrups along the height of the wall, 
Ὢ  =  characteristic strength of the bars used as stirrups,  

ὔ   =  number of legs in transverse reinforcement at each section of the 
wall, 

‰   =  diameter of the bar used as transverse reinforcement, 
ȣ  =  integral value of the number, 
† ȟ  =  design shear strength of concrete in the structural wall as specified 

in 9.2.6.1(d).  
 
d)  Prestressed members 

 
The limiting shear force capacity ὠ of a PSC member shall be taken as smaller 
of shear force capacity obtained at two levels, namely design shear force 
capacity ὠ  of uncracked section and design shear force capacity ὠ  of 
cracked section, and shear reinforcement provided accordingly. Also, the 
prestressing steel shall not be considered when estimating ὠ; only the 
contribution of the transverse steel untensioned reinforcing steel provided in 
such members shall be considered. 
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1) Uncracked Section Limiting Shear Force Capacity  

 
The limiting shear force capacity ὠ  of an uncracked PSC member shall 
be: 

ὠ πȢφχὦὈὪ πȢψὪ Ὢ πȢψχὪὃ ÃÏÓ‌  

where 
ὦ  = breadth of the member, which shall be taken as breadth ὦ of web 

in a flanged section,  
Ὀ  =  overall depth of the member,  
Ὢ  =  maximum principal tensile (taken as positive) stress given by 

πȢςτὪ,  

Ὢ  =  compressive stress (taken as positive) at centroidal axis due to 

prestress,  
Ὢ  =  characteristic strength of prestressing steel, 

ὃ  =  area of prestressing steel,  

‌ =  angle of prestressing steel tendon with the longitudinal horizontal 

axis of the member. 
In the flanged members whose centroidal axis lies within the flange, the 

principal tensile stress shall be limited to πȢςτὪ at the intersection of the 
flange and the web.  
 

2) Cracked Section Limiting Shear Force Capacity  
 
The limiting shear force capacity ὠ  of the PSC member shall be estimated 
as: 

ὠ ὠ ȟ ὠ ȟ 

where 
ὠ ȟ  =  contribution of compression concrete  

 =  ρ πȢυυ †ὦὨ ὓ  

  πȢρὪ ὦὨ 

ὠ ȟ =  contribution of reinforcing steel  

 = πȢψχὪὃ
Ȣ

, 

in which 
Ὢ  =  effective prestress after all losses have occurred, and shall not be 

more than πȢφὪ,  

Ὢ  =  characteristic strength of the prestressing steel used,  

ὠ  =  design shear force demand at the section considered as per Table 
2,  

ὓ   =  design bending moment demand at the section considered as per 
Table 2,  

ὓ  =  bending moment that produces zero stress in the concrete at the 
depth Ὠ 

 =  πȢψὪ , 
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Ὢ  =  stress in concrete due to prestressing at centroid of prestressing 

steel, 
d  =  effective depth of prestressing steel 

y  =  distance of centroid of prestressing steel from centroid of concrete 

section,  
I  =  second moment of inertia of the concrete section, and 
the other quantities are as defined in 8.3.1.5(b). 

 
The value of ὠ ȟ calculated at a particular section may be assumed to be 

constant over the distance ὨȾς measured in the direction of increasing 
moment from that particular section.  
 
Also, when the prestressing tendon is inclined at the section at which ὠ is 
being estimated, the component of prestressing forces along the 
longitudinal axis of the member alone shall be considered in estimation of 
ὠ. 

 
3) Transverse shear reinforcement  

 
Transverse shear reinforcement shall be provided in a PSC section as per 
the following: 
i) When π ὠ πȢυὠ, minimum shear reinforcement shall be provided 
as specified in 9.2.4.1(b),  

ii) When πȢυὠ ὠ †ȟ ὦὨ, the area ὃ  of closed loop shear 

reinforcement of two legs shall be estimated as: 

   ὃ
Ȣ

 

where 
Ὢ       = characteristic strength of the bars used as stirrups, which 

shall not be more than 415 MPa, 
Ὠ  =  effective depth of member with respect to untensioned steel, 
ί  =  spacing of the stirrups along the length of the member, 
ȣ  =  integral value of the number, and 

†ȟ  =  maximum design shear strength of concrete as specified in 

9.2.6.1(d). 
 

iii) When †ȟ ὦὨ ὠ, the member size shall be revised to increase its 
shear area. 

 
4) Punching shear  

 
Slabs and footings shall be designed to resist effects of both symmetrical 
and unsymmetrical punching.  The design shear stress demand † at the 
critical section of a footing or a slab shall be estimated as: 

† † †  
where 
†  = design shear stress transferred from slab to column or footing to 

column by symmetric bending of slab or footing [see Fig. 41(a)] 
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 =  

†  = design shear stress transferred from slab to column or footing to 
column by unsymmetric bending of slab or footing [see Fig. 41(b)] 
(assumed to vary linearly about the centroid of the critical section) 

 =  

in which  
ὠ  = design shear force transferred from slab to column or footing to 

column by symmetric bending of slab or footing,  
ὓ  = design bending moment transferred from slab to column or footing 

to column by unsymmetric bending of slab or footing, arising from 
unbalanced gravity, wind, earthquake, blast, lateral impact, or other 
horizontal forces applied on the structure, 

ὥ = overall dimension of the critical section for shear in the direction 
perpendicular to the axis about which moment acts, 

 =  ὧ Ὠ, 
ὥ = overall dimension of the critical section for shear in the direction of 

the axis about which moment acts, 
 = ὧ Ὠ, 
Ὠ  = effective depth of the slab or footing, and 

‌  = . 

 

 
FIG. 41 A 

 

 
FIG. 41 B 

 
FIG. 41 GEOMETRY AT TRANSFER OF UNBALANCED BENDING MOMENT FROM FLAT SLAB TO 

COLUMN 
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9.3.2.6 Design torsional moment capacity Ὕ  
 
a)  General  
 
1) A member in torsion is said to have reached its limit state, when concrete at 
a section reaches the corresponding design shear strength † of concrete 
and reinforcing steel stirrup at that section the corresponding characteristic 
tensile strength Ὢ. 

2) All the assumptions listed in 9.3.2.1 shall be applicable when estimating the 
design torsional moment capacity also. 

3) In general, where the torsional stiffness (and strength) of members has not 
been considered in the analysis of the structure, no specific calculations for 
torsion shall be necessary.  Adequate control in torsional cracking shall be 
assumed to have been provided by the required nominal shear 
reinforcement. But, where the torsional stiffness (and strength) of members 
has been considered in the analysis, the members shall be designed for 
torsion. 

4) The provisions of design for torsion shall be applicable only in case of: 
i) solid rectangular beams,  
ii) hollow rectangular beams with wall thickness ὸ ὦȾτ,  
iii) solid T-beams and I-beams, whose webs comply with the requirement of 
Ὀ ὦ, and 

iv) PSC concrete beams having an average intensity of prestress less than 
πȢσὪ. 

5)  In concrete structures, where torsional moment is required to maintain 
equilibrium, members shall be designed for torsion in accordance with the 
provisions given hereunder. But, for such indeterminate concrete structures, 
where torsional moment can be eliminated by releasing redundant 
restraints, without compromising the safety of the member and thereby of 
the structure, no specific design for torsional moment is necessary, provided 
torsional stiffness is neglected in structural analysis when calculating the 
internal stress-resultants.  

 
b)  Limiting stress 

 
A concrete member shall resist the design torsional moment demand Ὕ at the 
critical section by concrete, transverse reinforcement steel and longitudinal 
steel.  Under the action of shear force, at the critical section of a reinforced 
concrete or prestressed concrete member:  
 
1) Contribution of concrete  
Concrete shall be assumed to have reached its limiting stress of †, the 
design shear strength of concrete; and 
 

2)  Contribution of transverse reinforcing steel 
Transverse reinforcing steel shall be assumed to have reached its limiting 
stress of πȢψχὪ, the design tensile strength of reinforcing steel. 

 
The shear force resisted by the concrete member when the member reaches 
the said limiting stresses simultaneously at a section shall be taken as the 
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design shear force capacity ὠ of that section.  Shear reinforcement shall be 
provided only in the form of vertical stirrups.  Also, adequate control of torsional 
cracking shall be provided by the shear reinforcement. 

 
c)  Critical section 

 
Sections located less than a distance Ὠ from the face of the support may be 
designed for the same torsional moment as computed at a distance Ὠ, where Ὠ 
is the effective depth of the member. 

 
d)  RC beams 

 
1) Design for bending moment  

 
The total design bending moment ὓ  acting at the critical section shall be: 

ὓ ὓ ὓ  
where 
ὓ  =  design bending moment at the critical section of the member 

obtained from structural analysis, and 
ὓ  =  equivalent design bending moment at the critical section of the 

member due to torsional moment Ὕ obtained from structural 
analysis 

          = Ὕ
Ȣ
, 

in which  
 
Ὕ =  design torsional moment at the critical section of the member obtained 

from structural analysis, 
Ὀ =  larger dimension of the cross-section of the concrete member, and  
ὦ =  smaller dimension of the cross-section of the concrete member. 

 
Further,  
ƛύ  LŦ ὓ ὓ Σ ǘƘŜ ƳŜƳōŜǊ ǎƘŀƭƭ ōŜ ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ǘƻǘŀƭ ƳƻƳŜƴǘ ὓ  ŀŎǝƴƎ 
ƛƴ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ὓ Τ ŀƴŘ 

ƛƛύ LŦ ὓ ὓ Σ ǘƘŜ ƳŜƳōŜǊ ǎƘŀƭƭ ōŜ ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ǘƻǘŀƭ ƳƻƳŜƴǘ ὓ  ŀŎǝƴƎ 
ƛƴ ǘƘŜ ŘƛǊŜŎǝƻƴ ƻŦ ὓ  ŀƴŘ ŦƻǊ ŀ ƳƻƳŜƴǘ ƻŦ ὓ ὓ ὓ  ŀŎǝƴƎ ƛƴ 
ǘƘŜ ŘƛǊŜŎǝƻƴ ƻǇǇƻǎƛǘŜ ǘƻ ǘƘŀǘ ƻŦ ὓ Φ  

 
2) Design for shear force 

 
i) The total design shear force ὠ  acting at the critical section shall be 
obtained as: 

ὠ ὠ ὠ  
where 
ὠ  =  design shear force at the critical section of the member obtained 

from structural analysis, and 
ὠ  =  equivalent design shear force at the critical section of the 

member due to torsional moment Ὕ obtained from structural 
analysis 



Draft Standard for Comments Only CED 02(27096) WC 

 November 2025 

207 

 = ρȢφ , 

in which  
Ὕ =  design torsional moment at the critical section of the member 

obtained from structural analysis, and 
ὦ =  smaller dimension of the cross-section of the concrete member. 

 
ii) The total shear stress demand †  at the critical section shall be obtained 
as: 

† . 

 
iii) Shear reinforcement shall be provided as per the following: 

 
aa) When π † †, minimum shear reinforcement shall be 

provided as per 9.2.4.1(b);  
bb)   When † † †ȟ , the area ὃ  of cross section of the 2-

legged closed hoops enclosing the corner longitudinal bars, shall be 
given by: 

πȢψχὪὃ
Ὠ

ί

Ὕ

ὦ

ὠ

ςȢυ

† †ὦὨ

 

where 
Ὢ  =  characteristic strength of the bars used as stirrups, 

Ὠ  =  effective depth of member with respect to untensioned 
steel, 

ί  =  spacing of transverse reinforcement along the length of 
the member,  

ὦ   = centre-to-centre distance between corner longitudinal 
bars in the direction of the width, 

Ὠ   = centre-to-centre distance between corner longitudinal 
bars in the direction of the depth,  

ȣ  =  integral value of the number, 

cc) When †ȟ † , the member size shall be revised to increase 

its shear area.  
where 
† = design shear strength of concrete, and 
†ȟ  = maximum design shear strength of concrete 

 
e)  PSC beams 

 
1) Design for bending moment   
The total design bending moment ὓ  acting at the critical section shall be: 

ὓ ὓ ὓ  
where 
ὓ  = design bending moment at the critical section of the member, and 

ὓ  = equivalent design bending moment at the critical section of the 
member due to Torsional Moment Ὕ  

          = Ὕ ρ , 
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in which  
 
Ὕ =  design torsional moment at the critical section of the member, 
Ὀ =  larger dimension of the cross-section of the concrete member, and  
ὦ =  smaller dimension of the cross-section of the concrete member. 

 
Further,  
i)  If ὓ ὓ , then design the member for the total moment ὓ  acting 
in the direction of ὓ ; and 

ii) If ὓ ὓ , then design the member for the total moment ὓ  acting 
in the direction of ὓ  and for a moment of 

a)  ὓ ὓ ὓ  acting in the direction opposite to that of ὓ .  

b) ὓ ὓ ρ  acting on the same cross-section about 

an axis perpendicular to the axis of ὓ ,  
where  
ὼ = smaller dimension of a closed hoop used as torsional shear 

reinforcement, and 

Ὡ  = .  

2) Design for shear force 
 
The torsional moment Ὕ  carried by concrete shall be estimated as: 

Ὕ Ὕ
Ὡ

Ὡ Ὡ
 

where 
Ὕ  torsional moment carried by concrete  

      πȢρυὦὈ ρ
ὦ

σὈ
‗ Ὢ  

Ὡ =  , and 

Ὡ =  ,  

in which  

‗ = ρ ,  

ὦ = smaller dimension of the rectangular part in the cross-section, 
Ὀ = larger dimension of the rectangular part in the cross-section 
Ὕ = design torsional moment demand obtained from structural analysis,  

ὠ = design shear force demand obtained from structural analysis,  
ὠ = limiting shear force capacity obtained as per 9.3.2.5, and 
ὔ  = number of rectangles that the cross-section is comprised of. 

 
The shear force ὠ  carried by concrete shall be estimated as: 

ὠ ὠ
Ὡ

Ὡ Ὡ
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When two-legged closed hoops enclosing the corner longitudinal bars are used, 
the area ὃ  of cross section of the 2 legs of transverse reinforcement shall be 
given by: 

πȢψχὪὃ
Ὠ

ί
άὥὼ

ὓ

ρȢχὦ
Ƞ  ὠ ὠ ςὝ Ὕ  

† † ὦὨ              
The above area shall not be less than the minimum transverse reinforcement 
required as per 9.2.4.1. 

 
9.3.2.7 Design combined axial force ὖ ï bending moment ὓ capacity  
 
a) The sufficiency of resistance of a RC member subjected to both axial force ὖ 
and bending moments ὓ  and ὓ  about both the axes of the cross-section 
shall be examined considering the assumptions listed in 9.3.2.1 and complying 
with the  governing equations of structural mechanics. 

 
b)  Based on the stability index ὗ defined in 8.2.3,  vertical members carrying 
lateral loads (like columns and structural walls) shall be classified as a braced 
or unbraced as given below: 
 
1) A vertical member shall be considered braced in a given plane, if the 
structure as a whole is provided by walls or bracing or buttressing designed 
to resist all lateral forces in that plane, and if its stability index at each storey 
level satisfies the following inequality: 

ὗ πȢπτ, and 
 
2) A vertical member shall be considered unbraced in a given plane, if the 
structure as a whole is not provided by walls or bracing or buttressing 
designed to resist all lateral forces in that plane, OR if its stability index 
satisfies the following inequality at any storey level: 

ὗ πȢπτ. 
 
c)  Columns and structural walls shall be designed for results of ὖ , ὓ  and 

ὓ  from any of the following: 
1) Detailed geometric nonlinear analysis, or 
2) Linearized geometric nonlinear analysis (also called ὖ Ў analysis). 

 
When results from any of the above are unavailable, results of linear analysis 
shall be used along with the additional bending moments given hereunder.  The 

total bending moments ὓ , ὓ , ὓ  and ὓ  acting about the X-and Y- 
axes of its cross-section at the top and bottom of slender columns shall be 
approximated by adding additional moments ὓ  and ὓ  to the bending 
moment demands obtained by linear structural analysis subjected to load 
combinations specified in Table 2 for strength criteria.  

 
d) ὓ  and ὓ  shall be estimated as: 

 
ὓ  =  Additional bending moment demand owing to lateral sway of the 

structure acting about the X-axis of the cross-section of the column 
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 = άὥὼ ‖Ƞ  ὖὩȟ  

ὓ  =  Additional bending moment demand owing to lateral sway of the 
structure acting about the Y-axis of the cross-section of the column 

 = άὥὼ ‖Ƞ  ὖὩȟ  

in which  
 
ὖ =  factored design axial load demand on the member, 
ὰ = average of the effective lengths of all vertical members in the storey when 

bending about the Y-axis of their cross-sections, when the structure is 
unbraced, and is effective length of the vertical member when bending 
about the X-axis of its cross-section, when the structure is braced, 

ὰ=  average of the effective lengths of all vertical members in the storey when 
bending about the Y-axis of their cross-sections, when the structure is 
unbraced, and is effective length of the vertical member when bending 
about the X-axis of its cross-section, when the structure is braced,  

Ὀ = depth of the cross-section of the member perpendicular to the X-axis of 
bending,  

ὦ  = depth of the cross-section of the member perpendicular to the Y-axis of 
bending,  

‖  = ρ, and 

Ὡȟ  and Ὡȟ  are minimum design eccentricities for bending about X- and 

Y- axes, as specified in 9.3.2.2; 
wherein  
ὖ  = design axial load corresponding to the balanced condition of strain 

across the cross-section 
 =

 

‌ ὪὦὈ В Ὢȟ Ὢ ȟὃ ȟ В Ὢȟὃ ȟ ÆÏÒ ÃÏÌÕÍÎÓ              

‌ Ὢὸὰ В Ὢȟ Ὢ ȟὃ ȟ В Ὢȟὃ ȟ ÆÏÒ ÓÔÒÕÃÔÕÒÁÌ 7ÁÌÌÓ
 

Ὢȟ, Ὢ ȟ and Ὢȟ in these expressions correspond to the strains associated 
with fiber Ὥ of the balanced section, which are described hereunder. 

 
e)  General requirements for columns 

 
In the design of the slender columns, the additional moments given hereunder 
shall be considered: 
 
1) Unbraced columns 

ὓ ὓ ȟ ὓ  

ὓ ὓ ȟ ὓ  

ὓ ὓ ȟ ὓ  

ὓ ὓ ȟ ὓ  

where 

ὓ ȟ
 and ὓ ȟ

 = factored bending moment demands at the top and 

bottom of the vertical member acting about the X-axis of its cross-
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section obtained by linear structural analysis of the structure subjected 
to design loads applied on it; and 

ὓ ȟ
 and ὓ ȟ

 = factored bending moment demands at the top and 

bottom of the vertical member acting about the Y-axis of its cross-
section obtained by linear structural analysis of the structure subjected 
to design loads applied on it. 

2) Braced columns (with no concentrated loads acting along its height) 
For the purposes of design of braced columns, no distinction shall be made 
between moments at the top and bottom of the member; the members shall 
be designed for the same moment considered to act throughout the height 
of the member. The member shall be designed for the total moments given 
below: 

 
The total bending moment demands about two axes of bending of the cross-
section shall be estimated as: 

 
ὓ άὥὼπȢτὓ πȢφὓ Ƞ    πȢτὓ ὓ  

ὓ άὥὼπȢτὓ πȢφὓ Ƞ    πȢτὓ ὓ  
where 

ὓ άὭὲὓ ȟȠ   ὓ ȟ
 

ὓ άὥὼὓ ȟȠ   ὓ ȟ
 

ὓ άὭὲὓ ȟȠ   ὓ ȟ
 

ὓ άὥὼὓ ȟȠ   ὓ ȟ
 

The axial load demand ὖ and the total bending moment demands ὓ  and 
ὓ  on the columns obtained as above shall be considered as given 
hereunder. 

 
f)  Columns under uniaxial bending 

 
Columns under uniaxial bending shall be designed such that the design 
demand point (ὖ; ὓ ) and (ὖ; ὓ ) lie inside the strength envelopes 
provided by the ὖ ὓ   and ὖ ὓ  interaction diagrams, respectively.  
These two interaction diagrams shall be drawn as per the principles laid down 
in 9.3.2.7.  

 
Alternately, an approximate ὖ ὓ interaction diagram can be drawn for 8 
strain states at 8 critical points (Table 42 and Fig. 42).  For a RC section with 
steel only on top and bottom faces, the expressions for limiting ὖ and ὓ are 
given in Table 43; ‌  and ‍  shall be taken as per Table 44.  For a RC 
section with generalized distribution of longitudinal steel (see Fig. 43), the 
following procedure may be employed: 
 
1) Equilibrium of Axial Force and Bending Moment at the section 

ὖ Ὢȟ ὦὼ Ὢȟ Ὢ ȟὃ ȟ Ὢȟὃ ȟ                τρ 
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ὓ Ὢȟ ὦὼ
Ὀ

ς
‍ὼ Ὢȟ Ὢ ȟὃ ȟ

Ὀ

ς
Ὠ

Ὢȟὃ ȟ 
Ὀ

ς
Ὠ                                       τς 

2) Compatibility of Strains at the cross section  

‐ȟ

ὼ Ὠ

ὼ
‐                τσ 

‐ ȟ

ὼ Ὠ

ὼ
‐              ττ 

‐ȟ
Ὠ ὼ

ὼ
‐                τυ 

3) Constitutive Law of constituent materials at the section 
Ὢȟ

ừ
Ử
Ừ

Ử
ứπȢτυὪ

‐

‐

ρ

σ

‐

‐
   π ‐ ‐

πȢτυὪ ρ
ρ

σ

‐

‐
           ‐ ‐ ‐

                                           τφ 

Ὢ ȟ

πȢτυὪ
‐ ȟ

‐

ρ

σ

‐ ȟ

‐
   π ‐ ȟ ‐

πȢτυὪ                                           ‐ ‐ ȟ ‐

                               τχ 

Ὢȟ
Ὁ‐ȟ         π ‐ȟ ‐

πȢψχὪ ‐ ‐ȟ ‐
                               τψ 

Ὢȟ
Ὁ‐ȟ         π ‐ȟ ‐

πȢψχὪ ‐ ‐ȟ ‐
                               τω 

‌

ừ
Ử
Ừ

Ử
ứπȢτυ

‐

‐

ρ

σ

‐

‐
   π ‐ ‐

πȢτυρ
ρ

σ

‐

‐
           ‐ ‐ ‐

            υπ 

‍

ừ
Ử
Ử
Ừ

Ử
Ử
ứ

ρ
σ

ρ
ρς
‐
‐

ρ
ρ
σ
‐
‐

      π ‐ ‐

ρ
ς
ρ
σ
‐
‐

ρ
ρς
‐
‐

ρ
ρ
σ
‐
‐

‐ ‐ ‐

            υρ 

In the above, Ὢȟ  is the average compressive stress in concrete, Ὢ ȟ the 

compressive stress in concrete at the level of layer Ὥ of reinforcing steel in 
compression, Ὢȟ the compressive stress in reinforcing steel at the layer Ὥ , 
and ‍ὼ the distance of resultant compressive force in concrete from the top 
fiber. Also, ὲ and ὲ are the numbers of longitudinal bars on the 
compression and tension sides of the neutral axis of the cross-section.  
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Table 42 Eight Critical States of Strain of a RC section Only Used to Draw an 
Approximate Limiting ὖ ὓ Interaction Diagram for Bending about X-axis 

[Clause 9.3.2.7(f)] 
 

Sl 
No. 

Point State of Strain Strain at Top Fiber Strain at Bottom 
Fiber 

(1) (2) (3) (4) (5) 

i) A Uniform compression  ‐  ‐  

ii) B Compressive strain 
gradient 

‐  at top concrete 
fiber  
 

‐ at bottom concrete 

fiber 

iii) C Strain gradient ‐  at top concrete 
fiber  

0 at bottom concrete 
fiber 

iv) D Strain gradient ‐  at top concrete 
fiber  

0 at bottom steel level 

v) E Balanced strain 
gradient 

‐  at top concrete 
fiber  

‐ȟ  at bottom steel 
level 

vi) F Strain gradient 0 at top steel level  ‐ȟ  at bottom steel 
level 

vii) G Tensile strain gradient 0 at top concrete 
fiber  

‐ȟ  at bottom steel 
level 

viii) H Uniform tension  ‐ȟ  ‐ȟ  
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Table 43 Expressions for Limiting Axial Load Capacity ὖ and Limiting 
Bending Moment Capacity ὓ  in a RC Section with Top and Bottom 
Steel Only Corresponding to the 8 Salient Points on its Limiting ὖ ὓ 

Interaction Diagram for Bending About X-axis 
[Clause 9.3.2.7(f)] 

 

Point Expressions for ὖ and ὓ  

A ὖ πȢτυὪὄὈ Ὢ πȢτυὪ ὃ Ὢ πȢτυὪ ὃ  
ὓ π 

B ὖ πȢτυὪὄὈ Ὢ πȢτυὪ ὃ Ὢ πȢτυὪ ὃ  

ὓ Ὢ πȢτυὪ ὃ
Ὀ

ς
Ὠᴂᴂ Ὢ πȢτυὪ ὃ

Ὀ

ς
Ὠᴂ 

C ὖ ‌ ὪὄὈ Ὢ Ὢ ὃ Ὢ Ὢ ὃ  

ὓ ‌ ὪὄὈ
Ὀ

ς
 ‍ Ὀ Ὢ Ὢ ὃ

Ὀ

ς
Ὠᴂᴂ

Ὢ Ὢ ὃ
Ὀ

ς
Ὠᴂ 

D ὖ ‌ ὪὄὈ Ὠᴂ Ὢ Ὢ ὃ  

ὓ ‌ ὪὄὈ Ὠᴂ
Ὀ

ς
 ‍ Ὀ Ὠᴂ Ὢ Ὢ ὃ

Ὀ

ς
Ὠᴂᴂ 

E ὖ ‌ Ὢὄὼ Ὢ Ὢ ὃ Ὢὃ  

ὓ ‌ Ὢὄὼ
Ὀ

ς
 ‍ ὼ Ὢ Ὢ ὃ

Ὀ

ς
ὨᴂᴂὪὃ

Ὀ

ς
Ὠᴂ 

F ὖ Ὢȟ ὄὨᴂᴂὪὃ  

ὓ Ὢȟ ὄὨᴂᴂ
Ὀ

ς
 Ὠᴂᴂ‍ὼ Ὢὃ

Ὀ

ς
Ὠ  

G ὖ Ὢὃ Ὢὃ  

ὓ Ὢὃ
Ὀ

ς
 ὨᴂᴂὪὃ

Ὀ

ς
Ὠ  

H ὖ Ὢὃ Ὢὃ  

ὓ π 
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FIG. 42 NORMAL STRAIN AND STRESS DISTRIBUTIONS IN A RC SECTION CORRESPONDING 

TO EIGHT SALIENT POINTS ON ITS DESIGN P-M INTERACTION DIAGRAM 
 

ecu,lim 

ecu,lim 

ecp 

est,lim 
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Table 44 Full Stress Block properties ‌  and ‍  for Different Grades of 
Concrete 

               [Clauses 9.3.2.7.6 and 9.3.2.7.8.3] 
 
 

Sl No. Grade of 
Concrete 

Full Stress Block 
Properties 

‌  ‍  

(1) (2) (3) (4) 

i) M 20 0.364 0.416 

ii) M 25 0.361 0.413 

iii) M 30 0.358 0.411 

iv) M 35 0.355 0.409 

v) M 40 0.352 0.407 

vi) M 45 0.349 0.404 

vii) M 50 0.346 0.402 

viii) M 55 0.342 0.399 

ix) M 60 0.338 0.396 

x) M 65 0.334 0.393 

xi) M 70 0.330 0.391 

 
 

 
 

FIG. 43 GENERAL RECTANGULAR RC SECTION WITH REINFORCING STEEL ON ALL FOUR 
FACES 

 
 
g)  Columns under biaxial bending 

 
Columns under biaxial bending shall be designed to satisfy the following 
inequality: 

ὓ ὓ

ρ
ρ
ὓ

ὸὥὲ‍
ὓ

Ⱦ
ρȢπ 

where 
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ὓ   =  design bending moment demand acting about the X-axis of the cross-
section of the reinforced concrete member obtained by detailed 
geometric nonlinear structural analysis of the structure subjected to 
design loads applied on it; 

ὓ   =  design bending moment demand acting about the Y-axis of the cross-
section of the reinforced concrete member obtained by detailed 
geometric nonlinear structural analysis of the structure subjected to 
design loads applied on it; 

ὓ  = limiting bending moment capacity about the X-axis of the cross-section 
of the RC member corresponding under the action of pure bending 
moment (with no axial load on it), estimated as specified in 9.3.2.4, 

ὓ  = limiting bending moment capacity about the Y-axis of the cross-section 
of the RC member corresponding under the action of pure bending 
moment (with no axial load on it), estimated as specified in 9.3.2.4,  

ὸὥὲ‍ = , and 

 

‌ = 

ςȢυ                                                       ὖ πȢςὖ

ςȢπ πȢυ
Ȣ

Ȣ
           πȢςὖ ὖ πȢψὖ

ςȢπ                                 πȢψὖ ὖ             

,  

in which 
ὖ  = limiting axial load capacity of the RC section under the action of pure 

axial load (with no bending moment on it), estimate as specified in 
9.3.2.3. 

 
h)  Structural Walls 

 
1) The design axial load ὖ and design bending moments ὓ  and ὓ  on RC 
structural walls shall be estimated as in biaxial bending of columns specified 
in 9.3.2.7.  In particular: 
i)  In the out-of-plane direction, structural walls shall be treated as slender 
columns and the same provisions applicable for columns (specified in 
9.3.2.7) shall be complied with, including the effect of additional 
moments; and  

ii)  In the in-plane direction, additional moments shall not be used for 
estimating the total moment in the in-plane direction.  

2)  RC structural walls under uniaxial bending shall be designed such that the 
design demand point (ὖ; ὓ ) and (ὓ ;ὓ ) lie inside the ὖ ὓ  and 
ὖ ὓ  interaction diagrams, respectively.  These two interaction diagrams 
shall be drawn as per the principles laid down in 9.3.2.7.  

3)  Alternately, an approximate ὖ ὓ interaction diagram can be drawn using 
5 strain distribution specified at 5 critical points (Table 45 and Fig. 44).  For 
a RC wall section with uniformly distributed steel, the expressions for limiting 
ὖ and ὓ are given in Table 46; ‌  and ‍  shall be taken as per Table 
44.  

4)  For a RC section with generalised distribution of longitudinal steel (see Fig. 
45), the following equations may be used: 
 
i) Equilibrium of Axial Force and Bending Moment at the section 
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ὖ ‌Ὢὸὼ Ὢȟ Ὢ ȟὃ ȟ
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ii) Compatibility of Strains at the cross section  
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iii) Constitutive Law of constituent materials at the section 
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‐
‐

‐ ‐ ‐

            υρ 

In the above, ‌Ὢ is the average compressive stress in concrete, Ὢ ȟ the 

compressive stress in concrete at the level of layer Ὥ of reinforcing steel in 
compression, Ὢȟ the compressive stress in reinforcing steel at the layer Ὥ , 
and ‍ὼ the distance of resultant compressive force in concrete from the top 
fiber.  
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Table 45 Five Critical States of Strain of a RC Rectangular Wall Section with 
Longitudinal Steel Distributed Uniformly Used to Draw an Approximate 

Limiting ὖ ὓ Interaction Diagram for Bending About X-axis 
[Clause 9.3.2.7(h)] 

 

Sl 
No. 

Point State of Strain Strain at Top Fibre Strain at Bottom 
Fibre 

(1) (2) (3) (4) (5) 

i) A Uniform compression  ‐  ‐  

iii) B Strain gradient ‐  at top concrete 
fibre  

0 at bottom concrete 
fibre 

v) C Balanced strain 
gradient 

‐  at top concrete 
fibre  

‐ȟ  at bottom steel 
level 

vii) D Tensile strain gradient 0 at top concrete 
fibre  

‐ȟ  at bottom steel 
level 

viii) E Uniform tension  ‐ȟ  ‐ȟ  
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Table 46 Expressions for Limiting Axial Load Capacity  ὖ and Limiting 
Bending Moment Capacity ὓ  in a RC Rectangular Wall Section with 
Longitudinal Steel Distributed Uniformly Corresponding to the 5 Salient 
Points on its Limiting ὖ ὓ Interaction Diagram for Bending About Major 

Axis 
[Clause 9.3.2.7(h)] 

 

Point Expressions for ὖ and ὓ  

A 
ὖ πȢτυὪὸὒ Ὢȟ πȢτυὪ ὃ ȟ 

ὓ π 
B ὖ ‌ Ὢὸὒ Ὢ Ὢ ὃ  

ὓ ‌ Ὢὸὒ
ὒ

ς
 ‍ ὼ Ὢȟ πȢτυὪ ὃ ȟώ 

C 

ὖ ‌ Ὢὸὒ Ὢȟ πȢτυὪ ὃ ȟ Ὢȟὃ ȟ 

ὓ ‌ Ὢὸὒ
ὒ

ς
 ‍ ὼ Ὢȟ πȢτυὪ ὃ ȟώ

Ὢȟὃ ȟώ 

D 
ὖ Ὢȟὃ ȟ 

ὓ Ὢȟὃ ȟώ 

E 
ὖ πȢψχὪὃ ȟ 

ὓ π 
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FIG. 44 NORMAL STRAIN AND STRESS DISTRIBUTIONS IN A RC SECTION CORRESPONDING 

TO FIVE SALIENT POINTS ON ITS DESIGN P-M INTERACTION DIAGRAM 
 

 
FIG. 45 GENERAL RECTANGULAR RC STRUCTURAL WALL SECTION REINFORCING STEEL ON 

ALL FOUR FACES 
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9.3.2.8 Design combined axial force ὖ ï shear force ὠ capacity 
 
The relation between design axial force ὖ and design shear force ὠ capacities shall 
be estimated using the following axial stress „ ï shear stress † relation (see Fig. 
46): 
 

† πȢρὪ πȢφςρπȢρ
„

Ὢ
υȢψ

„

Ὢ
ρψȢφ

„

Ὢ
ςȢπω

„

Ὢ
 

 
 

 
FIG. 46 LIMITING (AXIAL - SHEAR) STRESS ENVELOPE AT A POINT IN CONCRETE 

 
9.3.2.9 Design combined shear force ὠ ï bending moment ὓ capacity 
 

The factored shear force demand ὠ shall satisfy the following condition (see Fig. 47): 

ὠ ὠ
ὓ

ὓ
ὠ ὠᶻ  

where 

ὠ = design shear force capacity as specified in 9.3.2.5,  

ὠᶻ = contribution of concrete to design shear force capacity ὠ, 

ὓ  = design bending moment capacity as specified in 9.3.2.4, and 

ὓ  = design bending moment demand at the critical section of the member  

 
 
FIG. 47 LIMITING (SHEAR FORCE - BENDING MOMENT) STRENGTH ENVELOPE AT A CROSS-

SECTION OF A RC MEMBER 
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9.3.2.10 Design combined axial force ὖ ï shear force  ὠ ï bending moment ὓ 
capacity 
 
Members of select concrete structures that do not have redundancy shall be ensured 
to have sufficient combined ὖ ὠ ὓ capacity.  
 
9.3.3 Design and Detailing of RC Members  
 
The design and detailing of reinforced concrete components and sub-systems shall 
be performed as provided hereunder.   
 
a)  Structural Design 
1) The grades of materials (namely concrete and reinforcing steel) admissible 
for use in concrete structures shall be as specified in 1.2.  

2) In the calculations related to design of transverse reinforcement, the 
characteristic yield strength Ὢ shall not be taken to be more than 415 MPa, 

irrespective of the grade of transverse steel used. 
3) The admissible combinations of the grades of concrete and reinforcing steel 
in reinforced concrete members shall comply with those specified in Table 
47. The said combinations shall be applicable for both longitudinal and 
transverse reinforcement. 

 
b)  Reinforcement Detailing  
1) The detailing requirements provided in this standard are essential for basic 
structural components and sub-systems.  

2) Members of concrete structures shall be provided with reinforcing steel at 
locations and faces where concrete member is likely to undergo axial 
tension, bending tension, axial compression, and/or bending compression. 
This reinforcement shall be arranged along longitudinal and transverse 
directions of the member.  

3) Bars may be arranged singly, or in pairs in contact, or in groups of three or 
four bars bundled in contact. Bundled bars shall be enclosed within stirrups 
or ties. Bundled bars shall be tied together to ensure the bars remaining 
together. Bars larger than 32 mm diameter shall not be bundled, except in 
columns. 

4) The recommendations for detailing for earthquake-resistant construction 
given in IS 13920 should be taken into consideration, where applicable. 

 
Table 47 Combinations of Grades of Concrete and Reinforcing Steel 

Admissible in RC Structures 
[Clause 9.3.3(a)] 

 

 
Grade of Concrete 

Grade of Reinforcing Steel 

Fe250 Fe415 Fe500 Fe550 

M20 Yes Yes Yes Yes 

M25 

M30 

M35 

M40 

M45 
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M50 Not 
Admissible M55 

M60 

M65 Not  
admissible M70 

 
9.3.3.1 Slabs 
 
The general requirements for geometry shall be provided as specified in 8.2.1. 
 
a)  Solid Slabs 

 
1)  Design 

 
Slabs shall be designed for shear force ὠ and bending moment ὓ  arising 
from the load combination specified in Table 2. The capacity of the slabs 
shall be estimated as specified in 9.3.2.4 and 9.3.2.5 at least at the critical 
sections specified in 9.2.5.  

 
2)  Detailing 

 
The general requirements for reinforcement shall be provided as specified 
in 9.2. In addition, the requirements given hereunder shall be complied with 
(see Fig. 48). 
 
i) One-way slabs 

 
aa)  Bottom reinforcement 

 
1)  Main tension reinforcement shall be provided in the lower part of 
the slab along short span direction throughout the width of the 
long span, such that at least 50 percent of it extends over the full 
width of the support, and remaining to within πȢςυὰ of continuous 
support and πȢρυὰ of discontinuous support. 

2) Secondary tension reinforcement shall be provided in the lower 
part of the slab along long span direction throughout the width of 
the short span on top of the main tension reinforcement, such that 
at least 50 percent of it extends over the full width of the support, 
and remaining to within πȢςυὰ of continuous support or πȢρυὰ of 
discontinuous support. 

 
bb)  Top reinforcement  

 
1)  Main tension reinforcement shall be provided in the upper part of 
the slab along short span direction throughout the width of the 
long span, such that it extends at least πȢςυὰ  from the face of the 
continuous support, and πȢρυὰ  of discontinuous support. 

2) Secondary tension reinforcement shall be provided in the upper 
part of the slab along long span direction throughout the width of 
the short span below the main tension reinforcement, such that it 
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extends at least πȢςυὰ  from the face of the continuous support, 
and πȢρυὰ  of discontinuous support. 
 

 
FIG. 48 REINFORCEMENT DETAILING OF ONE-WAY SOLID SLAB 

 
ii) Two-way slabs restrained against torsion at the ends 

 
The following detailing requirements shall be satisfied when not involving 
effects of earthquake and temperature loading: 
 
aa) Tension reinforcement provided at mid-span in the middle strip shall 
extend in the lower part of the slab to within l25.0  of a continuous 

edge, or l15.0  of a discontinuous edge. 

bb) Over the continuous edges of a middle strip, the tension 
reinforcement shall extend (in the upper part of the slab) a distance 
of l15.0  from the support, and at least 50 percent shall extend a 

distance of l30.0 . 

cc) At a discontinuous edge, negative moments may arise, which 
depend on the degree of fixity at the edge of the slab. But, in general, 
tension reinforcement shall be provided equal to at least 50 percent 
of that provided at mid-span, extending l10.0  into the span. 

dd) Reinforcement in edge strip, parallel to that edge, shall comply with 
the   minimum given in 9.2.4.1 and the requirements for torsion given 
below: 
1) Torsion reinforcement shall be provided at any corner where the 
slab is simply supported on both edges meeting at that corner. It 
shall consist of top and bottom reinforcement, each with layers of 
bars placed parallel to the sides of the slab and extending from 
the edges a minimum distance of one-fifth of the shorter span. 
The area of reinforcement in each of these four layers shall be 
three-quarters of the area required for the maximum mid-span 
moment in the slab. 

2) Torsion reinforcement equal to half that described in (1) above 
shall be provided at a corner contained by edges over only one of 
which the slab is continuous. 
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ee) Torsion reinforcements need not be provided at any corner contained 
by edges over both of which the slab is continuous. 

ff) Extend 50 percent of the reinforcement at each support to at least an 
effective depth or 12 bar diameters beyond the nearest point of contra-
flexure. 

gg) Extend the full area of the reinforcement at each support to at least 
half the distance obtained in (cc) above. 

hh) At least 50 percent of tension reinforcement provided at mid-span 
shall extend to the supports, and the remaining 50 percent to within 
πȢρὰ or πȢρὰ of the support, as appropriate. 

 
iii) Two-way slabs not restrained against torsion at the ends 

 
aa) Size and Position of Rib 

 
In-situ ribs shall be not less than 65 mm wide. They shall be spaced 
at centres not greater than 1.5m apart and their depth, excluding any 
topping, shall be not more than four times their width. The ribs shall 
be formed along each edge parallel to the span of one way slabs. 
When the edge is built into a wall or rests on a beam, a rib at least 
as wide as the bearing shall be formed along the edge. 

 
bb) Arrangement of Reinforcement 

 
The maximum distance between bars given in 9.2.2.5 apply to areas 
of solid concrete in these slabs also. The curtailment, anchorage and 
cover to reinforcement shall be as described below:  
1) At least 50 percent of the total main reinforcement shall be carried 
through at the bottom on to the bearing and anchored as per 
9.2.2.10;  

2) In slabs with permanent blocks, the side cover to the 
reinforcement shall not be less than 10 mm. In all other cases, 
cover shall be provided as per 9.2.1.5. 

 
iv) Restrained Slab with Unequal Conditions at Adjacent Panels 

 
aa) In some cases, the support moments calculated from 8.7.1.6 for 
adjacent panels may differ significantly. The following procedure 
shall be adopted to adjust them. 
1) Calculate the sum of moments at mid-span and supports 
(neglecting signs). 

2) Treat the values from Table 26 as fixed end moments. 
3) Distribute the fixed end moments across the supports, 
according to the relative stiffness of adjacent spans. 

4) Adjust mid-span moment such that, when added to the support 
moments from (3) above, the total moment should be equal to 
that from (1) above.  
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bb) If the resulting support moments are significantly greater than the 
value from Table 26, the tension steel over the supports shall be 
extended further. The procedure should be as follows: 

 
1) Take the span moment as parabolic between supports; its 
maximum value is as found from (aa)(4) above. 

2) Determine the points of contraflexure of the new support 
moments from (iii) above with the span moment from (1). 

3) Extend half the support tension steel at each end to at least an 
effective depth or 12 bar diameters beyond the nearest point of 
contraflexure. 

4) Extend the full area of the support tension steel at each end to 
half the distance from (3). 

 
b)  Flat Slabs 

 
Flat slabs shall be built only in structures that are restrained against lateral sway 
as per 8.2.3. The design and detailing of flat slabs shall be performed as 
specified hereunder.  
 
1)  Geometry 

 
i) The minimum thickness of flat slabs shall be 125 mm.  
ii) When drop panels are used, the minimum thickness of drop panel shall 
be the larger of 1.5 times the thickness of slab, and 300 mm.  The drop 
panel shall extend in each direction from the centreline of support to a 
distance not less than one-sixth the span length measured from centre-
to-centre of supports along that direction. 

 
2) Design for Bending Moment 

 
The middle strips, column strips and effective slab width of flat slabs shall 
be designed for the bending moments obtained as per 8.7.3.4. 

 
3)  Design for Shear Force 

 
i) Flat slabs shall be designed for effects of both one-way and two way 
shear. 

ii) When openings in flat slabs are located at a distance less than 10 times 
the thickness of the slab from a concentrated reaction, or when the 
openings are located within the column strips, the critical sections 
specified 9.2.5.2 shall be modified so that the part of the periphery of the 
critical section, which is enclosed by radial projections of the openings 
to the centroid of the reaction area, shall be considered ineffective (see 
Fig. 49), and openings shall not encroach upon column head. 
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FIG. 49 TRUNCATED CRITICAL SECTIONS (IN PLAN) FOR SHEAR FORCE IN FLAT SLABS 

OWING TO PRESENCE OF OPENINGS ADJOINING COLUMNS 
 

 
iii) One-way shear 

 
At any support, under a concentrated load or when there is a change in 
thickness, one-way shear at the critical section extending in a plane 
across design strip shall satisfy requirement of 9.2.5.2(a). In the absence 
of more detailed analysis, one-way shear shall be distributed between 
the column strip and middle strips in proportion to the design negative 
moments in each strip. 

 
iv) Two-way shear 

 
Slab shall be designed for two-way shear at support, concentrated load 
and reaction areas at critical sections specified in 9.2.5.2(a).  Design 
shear stress demand † shall be computed from following equation, 

†
ὠ

ὦὨ

ρ ‌ ὓ ὅ

ὐ

ρ ‌ ὓ ὅ

ὐ
 

where 
ὠ =  Absolute value of design shear force on critical section, 
ὓ  =  Absolute value of unbalanced column moment about 

centroidal X-axis of critical section,  
ὓ   =  Absolute values of unbalanced column moment about 

centroidal Y-axis of critical section, 
ὦ =  Perimeter of critical section, 
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Ὠ =  Average of effective depths of slab in two orthogonal 
directions, 

ρ ‌  = Fraction of unbalanced column moment transferred by 
shear about centroidal X-axis of critical section, 

ρ ‌  =  Fraction of unbalanced column moment transferred by 

shear about centroidal Y-axis of critical section, 
‌ =  Fraction of unbalanced column moment transferred by 

flexure about centroidal axes X-axis of critical section,  
‌      =  Fraction of unbalanced column moment transferred by 

flexure about centroidal axes Y-axis of critical section,  
ὅ =  Distance of point of interest from centroidal X-axis of 

critical section,  
ὅ =  Distance of point of interest from centroidal Y-axis of critical 

section,  
ὐ  =  Property of critical section analogous to polar moment of 

inertia about centroidal X-axis of critical section, and 
ὐ  =  Property of critical section analogous to polar moment of 

inertia about centroidal Y-axis of critical section. 
  
Thereafter, shear reinforcement shall be provided as per the following: 
 
aa) When π † † :  

No shear reinforcement need be provided;  
 
bb) When † † ρȢυ† :  

Shear reinforcement shall be provided at the critical section as 
specified hereunder. Shear stresses shall be investigated at 
successive sections more distant from the support and shear 
reinforcement shall be provided up to a section where design shear 
stress demand † does not exceed πȢυ† . While designing the shear 
reinforcement, concrete shall be assumed to carry a shear stress of 
πȢυ† , and reinforcement the balance of the design shear stress 
demand †, that is, † πȢυ† , and 

 
cc) When ρȢυ† †:  

The flat slab shall be re-designed to increase its shear area and/or 
reduce the shear stress demand †; 
where  
†  = Design punching shear strength of concrete specified in 

9.2.6.1(d), and 
†  = Design shear strength of concrete specified in 9.2.6.1(d). 

 
4)  Slab Reinforcement 

 
1)  Longitudinal Reinforcement 

 
i) The spacing of longitudinal bars in a flat slab shall not exceed 2 times 
the slab thickness, except where a slab is of cellular or ribbed 
construction. 
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ii) The reinforcement within effective slab width ὦ  shall be curtailed at 
a minimum distance of Ὀ ὰ beyond critical section for two-way 
shear specified in 9.2.5.2(a). 

iii) When 
Ȣ
‗‗ Ὢ on critical section for two-way shear 

surrounding column, concentrated load or reaction area, 
reinforcement within effective slab width ὦ , which is designed for 

moment ‌ὓ , shall not be less than ὃȟ , 

ὃȟ
ςπὠὦ

σ‌ὪὨ
 

where ὠ, ὦ  and ‌ are as defined in 8.7.3.2. 

iv) When drop panels are used, the thickness of drop panel for 
determination of area of reinforcement shall be smaller of thickness 
of drop, and thickness of slab plus ıth the distance between edges 
of drop and column & capital. 

v) The length of longitudinal reinforcement in flat slabs that are braced 
against lateral sway shall: 
aa) have at least the lengths specified in Fig. 50. 
bb) be provided with lengths larger, when required by analysis,  
cc) extend in negative reinforcement beyond each face of the 
common column based on the longer span, where adjacent 
spans are unequal, and  

dd) be made of bent bars only where the depth-span ratio permits 
use of bends of 45Ј or less.  

vi) The bottom integrity reinforcement shall be provided in drop panels, 
which passes through the column in either direction. Such 
reinforcement shall: 
aa) have at least 2 bars passing continuously from the slab into the 
column, 

bb) have no splicing over a length equal to the development in 
tension as estimated above, from the face of the drop panel, 

cc) have sufficient development beyond the face of the column in 
tension (estimated using the ultimate tensile strength of the steel 
reinforcement used), 

dd) be sized based on the vertical symmetric punching force 
corresponding to the combination of (1.2DL+0.5IL), and 

ee) sum of area of continuous bottom integrity reinforcement passing 
through column or column capital core in each span direction 
given by: 

πȢψχὪὃȟ Ὢὃ ȟ ὖȟ  

where 
ὃȟ  = Area of non-prestressed bottom reinforcement i 

passing through column or in the width of the column 
capital in the plan direction considered; only half of the 
area of reinforcement shall be considered, if not 
continuous and not anchored on opposite face of 
column; 
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ὃ ȟ  = Area of prestressed tendons j passing through column 

or column capital core in each span direction; only half 
of the area of prestressed reinforcement shall be 
considered, if not continuous and not anchored on 
opposite face of column; 

Ὢ =  Characteristic strength of non-prestressed 

reinforcement; 
Ὢ  =  Stress in prestressed reinforcement under design 

loads; and  
ὖȟ  =  Design axial load on column from the floor slab.  

 
  

 
FIG. 50 MINIMUM LENGTH OF REINFORCEMENT IN FLAT SLABS 
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5)  The integrity reinforcement as specified above shall satisfy following 
requirements: 
 
i) In RC flat slabs, at least 2 bars of 10 mm diameter shall be provided in 
each direction. Also 

Ὢὃ ȟ π 

ii) In PT flat slabs,  
aa) At least 2 tendons of 12.7 mm diameter shall be provided in each 
direction. Contribution of non-prestressed reinforcement can be 
considered.  

bb) Outside the column or column capital, the tendon in each direction 
shall pass under tendon in other (orthogonal) direction in adjacent 
span. If this requirement is not satisfied, necessary integrity 
reinforcement shall be provided using non-prestressed reinforcement 
as specified in (a) above. 

cc) Non-prestressed reinforcement shall be anchored at exterior support 
or column with development length calculated using characteristic 
strength of reinforcement Ὢ.  

dd) Prestressed tendons shall be anchored at exterior support at or 
beyond exterior face of support or column. 

ee) If required, non-prestressed reinforcement shall be spliced with 
mechanical, welded or lap splice at column or within πȢσὰ from face 
of column in flat slabs without drops and within πȢσσὰ from face of 
column in flat slab with drops. When lap splices are used, the splice 
length shall be at least 1.3 times development length calculated using 
characteristic strength of reinforcement Ὢ. Alternatively, additional 

bottom bars can be provided as integrity reinforcement passing 
through column or column capital, and overlapping with bars in 
adjoining span for at least 2 times development length calculated 
using characteristic strength of reinforcement Ὢ.    

 
6)  The spacing of longitudinal bars in a flat slab shall meet the following: 

 
i) Positive or negative reinforcement shall not be spaced more than 2 
times the slab thickness, or 450 mm, whichever is less, except where a 
slab is of cellular or ribbed construction.  

ii) Reinforcement within effective slab width ὦ  shall not be spaced more 
than 1.5 times the slab thickness, or 250 mm, whichever is less. 

iii) Positive reinforcement shall not be spaced less than 150 mm, except 
that when fully welded transverse mesh is placed directly over the 
support, this length can be reduced to İ the width of the support or 50 
mm, whichever is greater.  

iv) Negative reinforcement shall be spaced such that the design stress 
developed at the internal face is in accordance with 8.7.3.5(c).  

v) When the flat slab is not supported by a spandrel beam or wall, or when 
it cantilevers beyond the support, the anchorage shall be obtained 
within the flat slab. 
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7)  Shear Reinforcement 

 
i) Single leg, single-U, multiple-U or closed stirrups (see Fig. 51) can be 
used as shear reinforcement, provided they meet the following 
requirements:  
a)  Ὠ ρυπ άά, and 
b)  Ὠ ρφὨ, where Ὠ is diameter of stirrups. 

 
ii) The design shear strength of these stirrups ὠ shall be estimated as: 

ὠ πȢψχὪ
ὃ

ὦί
 

where 
Ὢ =  characteristic strength of stirrups which shall not exceed 415 

MPa, 
ὃ  =  sum of cross-sectional area of all legs of stirrups on a concentric 

line parallel to the perimeter of column, 
ὦ =  perimeter of critical section, 
ί = spacing of stirrups measured perpendicular to the column face 

which shall not exceed ὨȾς. 
Distance from column face to first stirrups, perpendicular to column face 
shall  
not exceed ὨȾς. Distance between vertical legs of stirrups, parallel to 
column face shall not exceed ςὨ.  
 

 

                 
 

FIG. 51A SINGLE LEG STIRRUP/BAR  FIG. 51B MULTIPLE LEG 
STIRRUP/BAR 

 
FIG. 51C CLOSED STIRRUP 

 
FIG. 51 SINGLE LEG, MULTIPLE-U AND CLOSED STIRRUPS SHEAR REINFORCEMENT IN FLAT 

SLABS 
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8)  Openings in Flat Slabs 

 
Openings of any size may be provided in the flat slab, if it is shown by 
detailed analysis that the requirements of strength and serviceability are 
met.  But, when openings conform to the following, no special analysis is 
required.  
 
i)  Openings of any size may be placed within the middle strip in each 
direction, provided the total amount of reinforcement required for the 
middle strip without the opening is provided in the remaining width.  

ii) In the area common to two parts of the column strips from the 
adjacent panels, not more than ȧth the width of column strip in either 
span shall be interrupted by the openings. The area of reinforcement 
interrupted shall be added on each side of the opening in both 
directions.  

iii) In the area common to one column strip and one middle strip, not 
more than ıth the reinforcement in either strip shall be interrupted by 
the openings. The equivalent of reinforcement interrupted shall be 
added on all sides of the openings.  

iv) Shear design requirements shall be satisfied as specified in 8.7.3.2. 
 
c)  Ribbed, Hollow Block and Voided Slabs 

 
1) Size and Position of Ribs 
 
In ribbed slabs, in-situ ribs shall be not less than 65 mm wide.  Their centres 
shall be spaced not more than 1.5 m apart, and their depth (excluding any 
topping) shall not be more than 4 times their width.  Generally, ribs shall be 
formed along each edge parallel to the span of one way slabs. When the 
edge is built into a wall or rests on a beam, a rib at least as wide as the 
bearing shall be formed along the edge. 

2) Subject to meeting the fire-requirements in 9.2.2.2(b), the void shall not be 
considered in the estimation of the voided slab.  But, the minimum strength 
needed for construction shall be ensured.  

 
3) Hollow Blocks and Formers 
 
In slabs made of blocks and formers, the hollow clay tiles shall conform to 
IS 3951 (Part 1). When required to contribute to the structural strength of a 
slab, they shall be made of concrete or burnt clay, and have a crushing 
strength of at least 14 MPa measured on the net section, when axially 
loaded in the direction of compressive stress in the slab. 
 

4) Analysis and Design of Voided Slabs 
 
When contribution of void formers to the structural strength is not required: 
 
i) Void former shall be of plastic or other equivalent material; 
ii) Analysis and design of voided slab shall consider: 
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aa) Reduction in weight due to introduction of voids. Density of voided 
portion can be modified to take into account reduction in weight. 

bb) Reduction in stiffness due to introduction of voids. Reduced stiffness 
of voided slab can be mathematically calculated considering size 
and shape of void former in proposed thickness. 

cc) Reduction in shear capacity due to introduction of voids. Void formers 
shall be located in areas where design shear force is less than or 
equal to shear resistance of voided part. In punching area, solid area 
shall extend at least by ςὨ beyond critical section or beyond last row 
of punching shear reinforcement. Along the support edges and free 
slab edges, minimum solid zone equal to slab thickness shall be 
provided. 

dd) When compression zone remains above the void former (i.e. neutral 
axis is  
within top concrete cover of void former)., flexural resistance of 
voided slab in voided part shall be similar to that of solid slab When 
neutral axis is within void former, reduction in flexural resistance shall 
be considered. 

ee) Sum of top and bottom continuous solid part (i.e., sum of top and 
bottom cover of void former) shall be considered to determine rigidity 
of diaphragm as per IS 1893 (Part 1).  

ff) Minimum reinforcement in voided part shall be based on        
equivalent thickness of voided slab.  Equivalent thickness Ὀ  of 

voided slab shall be calculated as below: 

Ὀ ρ
ὠ

ὠ
Ὀ 

where 
ὠ = Volume of void per m2 area, 
ὠ = Volume of solid slab of similar thickness per m2 area, 
Ὀ = Thickness of slab. 

gg) Fire resistance of voided slab shall take into account effective 
reinforcement  
cover, spacing of reinforcement, clear bottom cover to void former 
and thickness of slab. Equivalent slab thickness Ὀ  shall be 

considered to determine minimum thickness required for particular 
fire resistance. 

hh) When voided slab is casted in two working steps to secure void 
formers from buoyancy, necessary joint shear reinforcement shall be 
provided at construction joint. 

 
5) Arrangement of Reinforcement  
 
The maximum distance between bars given in 9.2.2.5 applies to areas of 
solid concrete in this form of construction also. The curtailment, anchorage 
and cover to reinforcement shall be as described below: 

 
aa) At least 50 percent of the total main reinforcement shall be carried 
through at the bottom on to the bearing and anchored in accordance 
with 9.2.2.8. 
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bb) Where a slab, which is continuous over supports, has been designed 
as simply supported, reinforcement shall be provided over the 
support to control cracking. This reinforcement shall have a cross-
sectional area of not less than 25 percent that required in the middle 
of the adjoining spans and shall extend at least 1/10th of the clear 
span into adjoining spans. 

cc) In slabs with permanent blocks, the side cover to the reinforcement 
shall not be less than 10 mm. In all other cases, cover shall be 
provided according to 9.2.1.5. 

 
9.3.3.2 Beams 
 
The general requirements for geometry shall be provided as specified in 9.2.  
 
a)  Flexure-dominant Beams 

 
1)  Design 

 
Beams shall be designed for shear force and bending moment to resist all 
forces transferred thorough them under the combination of loads specified 
in Table 3 for strength criteria. The capacity of the beams shall be estimated 
as specified in 9.3.2.4 and 9.3.2.5 at least at the critical sections specified 
in 9.2.5.  

 
2)  Detailing  

 
The general requirements for reinforcement shall be provided as specified 
in 9.2. In addition, the requirements given hereunder shall be complied with.  
Longitudinal steel in beams shall be enclosed within closed loop transverse 
reinforcement for effective lateral restraint. The arrangement of transverse 
reinforcement shall be as below:  
 
i)  Longitudinal Compression Reinforcement 

 
Whenever compression reinforcement is introduced in a beam to resist 
additional moments (and not merely as hanger bars to hold the 
longitudinal reinforcement bars), it should be restrained effectively within 
closed loop transverse reinforcement. Also, in flanges of T-and L-beams, 
where flanges are in tension, a part of the main tension reinforcement 
shall be distributed over the effective flange width or a width equal to 
1/10th of the span, whichever is smaller. If the effective flange width 
exceeds 1/10th of the span, nominal longitudinal reinforcement shall be 
provided in the portions of the flange beyond 1/10th of the span. 
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FIG. 52 TRANSVERSE REINFORCEMENT IN FLANGED BEAMS RESISTING SHEAR FORCE AND 

TORSIONAL MOMENT 
ii)  Side Face Reinforcement 

 
Where the depth of the clear length of the web in a beam exceeds 750 
mm, side face reinforcement shall be provided along the two faces of the 
clear length of the web. The total area of such reinforcement shall be not 
less than 0.05% of the web area on each face. This steel shall be 
distributed equally at spacing not exceeding 300 mm or web thickness, 
whichever is less. 
 

iii)  Transverse reinforcement in beams for Shear and Torsion 
 
The transverse reinforcement in beams shall be taken around the 
outer-most tension and compression longitudinal bars (see Fig. 52). 
Further: 
 
aa) The transverse reinforcement for torsion shall be rectangular closed 
stirrups placed perpendicular to the axis of the member. The spacing 

of the stirrups shall not exceed άὭὲὼȠ  Ƞ  σππ άά, where ὼ 

and ώ are the short and long dimensions of the stirrup, respectively. 
bb) The longitudinal reinforcement shall be placed as close as is 
practicable to the comers of the cross-section.  

cc) There shall be at least one longitudinal bar in each comer of the ties.  
dd) When the cross-sectional dimension of the member exceeds 450 
mm, additional longitudinal bars shall he provided to satisfy the 
requirements of minimum reinforcement and spacing given in 
9.2.2.6.  

ee) In T-beams and I-beams, such reinforcement shall pass around 
longitudinal bars located close to the top and bottom faces of the 
flange. 
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b)  Compression-dominant Deep Beams 
 
1) General 
 
A beam shall be deemed to be a deep beam, when the ratio ὰȾὨ of effective 
span to overall depth is less than 2.0 in simply supported beams, and 2.5 in 
continuous beams.  A deep beam, complying with the requirements pertaining 
to detailing of steel reinforcement given hereunder, shall be deemed to satisfy 
the provisions for design for shear force as laid down in this standard. 
 
2) Design 

i) The lever arm ᾀ shall be determined as below:  
 
aa) For simply supported deep beams: 

ᾀ
πȢςὰ ςὈ ρ

ὰ

Ὀ
ς

πȢφὰ                      
ὰ

Ὀ
ρ

 

bb) For continuous deep beams: 

ᾀ
πȢςὰ ρȢυὈ ρ

ὰ

Ὀ
ςȢυ

πȢυὰ                          
ὰ

Ὀ
ρȢπ

 

where ὰ άὭὲὰȠ  ρȢρυὰ , in which ὰ is the centre-to-centre span 
between supports and ὰ  the clear span between supports.  

ii) The area of the longitudinal steel shall be determined as below:  

ὃ
ὓ

πȢψχὪ ᾀ
 

where ὓ  is the design moment estimated from structural analysis 
under the action of loads corresponding to the basic load 
combinations specified in Table 2 for strength criteria.  

3) Detailing 
 
The following reinforcement details shall be complied (see Fig. 53, 
54 and 55):  
i) Positive Reinforcement: 

 
The tensile reinforcement provided to resist positive bending 
moment in any span of a deep beam shall: 
 
aa) extend without curtailment between supports,  
bb) be embedded beyond the face of each support, so that at the 
face of the support it shall have a development length not less 
than πȢψὒ , where ὒ  is the development length (as per 
9.2.2.7) required to mobilize the design stress in the 
reinforcing steel bars; and 

cc) be placed within a zone of depth equal to πȢςυὈ πȢπυὰ 
adjacent to the tension face of the beam. 
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FIG. 53 POSITIVE REINFORCEMENT DETAIL IN SIMPLY SUPPORTED DEEP BEAM 

 
ii) Negative Reinforcement: 

 
The tensile reinforcement provided to resist positive bending 
moment in any span of a Deep Beam shall: 
 
aa)Termination of reinforcement ï The tensile reinforcement required 
to resist negative bending moment over a support of a deep beam 
shall be permissible to terminate not more than half of the 
reinforcement at a distance of πȢυὈ from the face of the support, 
and the remainder shall extend over the full span. 

bb) Distribution of reinforcement - When ratio ὰ ȾὈ is in the range 
1.0 to 2.5, the tensile reinforcement over a support of a deep 
beam shall be placed in two zones comprising:  
1) a zone of depth πȢςὈ adjacent to the tension face shall contain 

πȢυ πȢυ times the area of the tension steel: 

2) a zone of depth πȢσὈ on either side of the mid-depth of the 
beam shall contain the remainder of the tension steel, evenly 
distributed.  

When ratio ὰ ȾὈ<1, the entire tension steel shall be evenly 
distributed over a depth of πȢψὈ measured from the tension face. 
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iii) Vertical Reinforcement: 
If forces are applied to a deep beam in such a way that hanging action 
is required, then bars or suspension stirrups shall be provided to 
carry all the forces concerned. 

 
iv) Side Face Reinforcement: 
Side face reinforcement shall comply with requirements of minimum 
reinforcement of walls [as per 9.2.4.1(a)(4)]. 

 
iii)  Wide Beams 
aa) Beams with width more than that of the column it is framing into may be 
used, such that the width of beam ὦ does not exceed twice the width of the 
column. But, in no case the projected portions of the wide beam on either 
side shall exceed 50 percent of the width of the column (see Fig. 56). 

bb) When the width of the beam exceeds width of the column ὧ, transverse 
reinforcement shall be provided throughout the beam span including within 
the beam column joint. 

 

 
FIG. 54A CLEAR SPAN/OVERALL DEPTH = 2.5 

 

 
FIG. 54B CLEAR SPAN/OVERALL DEPTH = 1.5 
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FIG. 54C CLEAR SPAN/OVERALL DEPTH ρȢπ 
As IS AREA OF NEGATIVE REINFORCEMENT 

FIG. 54 NEGATIVE REINFORCEMENT DETAIL IN CONTINUOUS DEEP BEAMS 
 

 

 
FIG. 55 SUSPENDED BARS IN SIMPLY SUPPORTED DEEP BEAMS 
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SECTION A-A 
FIG. 56 A 

 

 
 

PLAN 
FIG. 56 B 

 
FIG. 56 MAXIMUM EFFECTIVE WIDTH OF WIDE BEAM AND REQUIRED TRANSVERSE 

REINFORCEMENT 
 

 
 
9.3.3.3 Columns and Beam-Columns 
 
The general requirements for geometry shall be provided as specified in 9.2. 
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a)  Design  
 
Columns shall be designed for axial force, shear force and bending moment  to 
resist all forces transferred thorough them under the load combinations 
specified in Table 2. The capacity of the columns shall be estimated as specified 
in 9.3.2.4 and 9.3.2.7 at least at the critical sections specified in 9.2.5.  

 
b)  Detailing 

 
The general requirements for reinforcement shall be provided as specified in 
9.2. In addition, the requirements given hereunder shall be complied with. 
1) Longitudinal steel in columns enclosed within closed loop transverse 
reinforcement for effective lateral restraint, in compliance with the 
general requirements specified in 9.2.  

2) Transverse or helical reinforcement so disposed that every longitudinal 
bar nearest to the compression face has effective lateral support against 
buckling subject to the following provisions: 
i) 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 135Ü. The ends of the transverse reinforcement shall be 
properly anchored. 

ii) If the longitudinal bars are not spaced more than 75 mm on either 
side, transverse reinforcement need only to go round comer and 
alternate bars for the purpose of providing effective lateral supports 
[see Fig. 57(A)]. 

iii) If the longitudinal bars spaced at a distance of not exceeding 48 times 
the diameter of the tie are effectively tied in two directions, additional 
longitudinal bars in between these bars shall be tied in one direction 
by open ties [see Fig. 57(B)]. 

iv) Where the longitudinal bars in a compression member are grouped 
(not in contact) and each group adequately tied with transverse 
reinforcement as specified in 9.2.2, the transverse reinforcement for 
the compression member as a whole may be provided on the 
assumption that each group is a single longitudinal bar for purpose 
of determining the pitch and diameter of the transverse reinforcement 
as specified in 9.2.2. The diameter of such transverse reinforcement 
need not exceed 20 mm. 

3) Helical reinforcement shall be used only in piles, and not in columns, and 
when used, they shall comply with the following: 
i)  Pitch ï Helical reinforcement shall be of regular formation with the 
turns of the helix spaced evenly and its ends shall be anchored 
properly by providing one and a half extra turns of the spiral bar. 
Where an increased load on the column on the strength of the helical 
reinforcement is allowed for, the pitch of helical turns shall be not 
more than 75 mm, nor more than 1/6th of the core diameter of the 
column, nor less than 25 mm, nor less than 3 times the diameter of 
the steel bar forming the helix. In other cases, the requirements of 
9.2.2 shall be complied with. 
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ii) Diameter ï The diameter of the helical reinforcement shall be in 
accordance with 9.2.2.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIG. 57A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 57B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 57C 
 

FIG. 57 ARRANGEMENT OF TRANSVERSE REINFORCEMENT IN COLUMNS 
 

> 48f 

Ò 48f 

Ò 75 Ò 75 Ò 75 
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4) In columns where longitudinal bars are offsets at a splice,  
i)  the slope of the inclined portion of the bar with the axis of the column 
shall not exceed 1 in 6, and the portions of the bar above and below 
the offset shall be parallel to the axis of the column.  

ii)  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 8 times bar diameter 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.  

iii) offset bars shall be bent before they are placed in the forms. Where 
column faces are offset 75 mm or more, splices of vertical bars 
adjacent to the offset face shall be made by separate dowels 
overlapped as specified in 9.2.2.8 (see Fig. 58). 

 
 

 
 

FIG. 58 UNBALANCED FORCE AT LOCATION OF CRANKING OF REINFORCEMENT BAR IN A 
COLUMN 

 
9.3.3.4 Structural walls 
 
a) When structural walls are provided in a structure, they shall be provided in both 
plan directions. Along each plan direction, they shall be so located and 
proportioned that they do not create themselves undue torsional eccentricity in 
plan of the structure.  

 
b) In a structure with only concrete walls,  
1) the walls other than those designated to resist the lateral load, need not 
meet these requirements. But, if displacement-compatibility induced 
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damages are incurred in such walls, the structure shall meet all 
requirements of integrity criteria laid down in 5.2.5; and 

2) the coupling beams between the structural walls shall be designed to resist 
all forces transferred thorough them under the load combinations specified 
in Table 2. 

 
c) The general requirements for geometry and reinforcement specified in 9.2 shall 
be complied with. In addition, the additional requirements specified hereunder 
shall be complied. 
 
1)  Buildings with structural walls having no openings 

 
i)  Stress-resultant demands 

 
aa) A structural wall shall be designed to resist the design lateral forces 
acting on the structure in proportion to their in plane stiffness, unless 
required otherwise. It shall be capable of carrying axial load, bending 
moment and shear force imposed on it along both plan directions. 
Thus, these walls shall be designed and detailed (with vertical and 
horizontal reinforcement on each face) for bending about both major 
and minor axis. 

bb) The structural wall shall have the bending moment diagram about its 
major axis along the height like that of a vertical cantilever, with small 
jumps at the floor levels; the bending moment at the roof level need 
not be zero, owing to the presence of a beams at that level. When 
the bending moment diagram (about its major or minor axis) of a 
vertical member along the height changes sign at any level along its 
height, then it shall be designed like a column. 

cc) Structural walls shall be designed for axial force ὖ, shear force ὠ and 
bending moment ὓ to resist all forces transferred thorough them 
under the combination of loads specified in Table 2 for strength 
criteria.  The capacity of the structural walls shall be estimated as 
specified in 9.3.2.4 and 9.3.2.7 at least at the critical sections 
specified in 9.2.5.  

 
ii)  Design  

 
aa) Geometry 

 
A wall designated as a structural wall shall: 
 
1)  have at least 200 mm thickness, and 
2) have the ratio Ὄ Ⱦὸ of effective height to thickness not 
exceeding 30, where the effective height of a braced wall shall 
be given by 8.8.2.2(b). 

3)  be built from foundation to roof, unless when they are terminated 
at a lower height, the structure does not become irregular as per 
IS 1893 (Part 5). 

4)  have 2 curtains of reinforcement, where a curtain implies a pair of 
vertical and horizontal steel bars on each face of the wall. 
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Concrete Walls with only one curtain of horizontal and vertical 
bars in the entire cross-section shall not be considered as 
structural walls. 

 
bb) Capacity Estimation 

 
The design of concrete structural walls without any opening or with 
nominal openings (of area less than 10 percent of the wall area in 
each storey) shall comply with the provisions given hereunder:   
 
1) Design for axial force and bending moment   

 
i) Structural walls shall be designed for the combined action of 
axial force and bending moment shall be estimated as 
specified in 9.3.2.7.  

ii) The design bending moment capacity ὓ of a structural wall 
shall be estimated as specified in 9.3.2.4. the area of 
horizontal reinforcement so estimated shall not be less than 
the minimum area specified in 9.2.4.1(b)(3). 

 
2) Design for horizontal shear force  
i) The critical section for maximum shear force in a structural 
wall in its in-plane direction shall be taken at a height from the 
base of άὥὼπȢυὒȠ  πȢυὌ , where ὒ and Ὄ  are the overall 
length and overall height of the structural wall.  

ii) The nominal shear stress demand † in a structural wall in its 
in-plane direction shall be estimated as: 

†
ὠ

πȢψὒ ὸ
 

where 
ὠ = Design shear force on the wall obtained from 

combinations of loads specified in Table 3 for strength 
criteria;  

ὒ = Overall length of the structural wall, and 
ὸ = Thickness of structural wall. 

iii) The nominal shear stress † shall not exceed the maximum 

design shear strength  † ȟ  of concrete in structural 

walls specified in 9.2.6.1(d). 
iv) The design shear force capacity † of a structural wall shall be 
estimated as specified in 9.3.2.5. The area of horizontal 
reinforcement so estimated shall not be less than the 
minimum area specified in 9.2.4.1(b)(3). 

 
cc) Boundary Elements 

 
1) Boundary elements shall have geometry as specified hereunder: 
i) The width of the boundary shall be at least the same thickness 
as that of the wall web (that is, the boundary element is 
concealed).  
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ii) The length of the boundary shall be larger of twice the 
thickness of the wall web, 0.15 times the length of the wall, 
and 500 mm.  

2) Boundary elements shall be provided along the vertical 
boundaries of walls, when the extreme fibre compressive stress 
in the wall exceeds πȢςὪ due to factored gravity loads plus 
factored earthquake force. Boundary elements may be 
discontinued at elevations where extreme fiber compressive 
stress becomes less than πȢρυὪ. Extreme fiber compressive 
stress shall be estimated using a linearly elastic model and gross 
section properties. 

3) A boundary element shall have adequate axial load carrying 
capacity, assuming short column action, to enable it to carry axial 
compression arising from factored gravity load and lateral seismic 
shaking effects.  

4) The load factor for gravity load shall be taken as 0.8, if gravity 
load gives higher axial compressive strength of the boundary 
element. 

5) The vertical reinforcement in the boundary elements shall not be 
less than 0.8 percent and not greater than 6 percent; the practical 
upper limit would be 4 percent to avoid congestion.  

6) Boundary elements, where required as per 8.3.3.1(a), shall be 
provided with special confining reinforcement throughout their 
height, whose  
i) area ὃ  shall be at least: 

ὃ πȢπυίὬ
Ὢ

Ὢ
 

ii) spacing Ó not more than: 
a)  1/3rd of minimum member dimension of the boundary 
element, 

b)  6 times diameter of the smallest longitudinal reinforcement 
bars, and  

c) 100 mm but may be relaxed to 150 mm, if maximum 
distance between cross-ties/parallel legs of links or ties is 
limited to 200 mm, but need not be less than 100 mm. 

7) Boundary elements need not be provided, if the entire wall section 
is provided with special confining reinforcement, as per 
8.2.3.3(c)(1). 

8) When a beam frames into the minor axis of a wall, then boundary 
elements shall be provided at such locations along the full height 
of the wall. The design of such a boundary element shall meet the 
requirement of minimum column dimension perpendicular to the 
minor axis of the walls given in 8.2.1.1 and minimum column-to-
beam strength ratio given in 8.2.2.4(a).  

iii)  Detailing 
 
aa) Structural walls intended to resist ὖ, ὠ and ὓ shall have at least 
two curtains of vertical and horizontal steel on each face.  
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bb) The minimum reinforcement in the vertical and horizontal 
directions specified in 9.2.4.1 may not be sufficient to provide 
adequate resistance to the effects of shrinkage and temperature.  

cc) The structural reinforcements along vertical and horizontal 
directions obtained when designed for ὖ ὓ and ὠ, 
respectively, should account for the effects of shrinkage and 
temperature also. 

 
2)  Buildings with structural walls having openings 

 
Structural walls with openings shall be avoided to the extent possible. When 
openings are mandatory in Structural Walls, they shall be limited in number 
and size, and shall be placed symmetrically in the middle of the wall. The 
design of concrete structural walls with openings of significant size shall 
comply with the provisions of IS 13920.   

 
3)  Buildings with only structural walls  

 
Buildings constructed with only structural concrete walls shall be designed 
such that there is no tension in them under in-plane deformations arising 
from combined design axial force and design bending moment demands 
acting under the effects of combinations of loads specified in 6.4. For the 
purpose of checking the tension in structural walls, provisions of 8.8.2.2(b) 
shall be used.  

 
9.3.3.5 Foundations 
 
a)  Spread Footings (Individual and Combined) 

 
1) General 
 
Footings shall be designed to:  
 
i) Sustain design vertical load ὖ, horizontal shear load ὠ and bending 
moment ὓ imposed by the structure above, and the reaction induced 
from the soil underneath, by providing adequate flexural strength, shear 
strength and development lengths;  

ii) Ensure that any settlement that may occur shall be as uniform as 
possible, and  

iii) Ensure that the bearing pressure induced in soil does not exceed the 
safe bearing capacity of the soil (as required in IS 1904). 

 
2) Geometry of Footing  

 
i) Footings can be flat or stepped. Footings are designed to act as a unit, 
and hence shall be constructed to assure the same.  In PC or RC 
footings, the thickness at the edge shall be not less than 150 mm for 
footings on soils, and the thickness above the tops of pile cap not less 
than 300 mm for footings on piles. 
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ii) The cross-section effective in bending compression shall be limited to 
the area above the axis of bending. In stepped footings, the angle of 
slope or depth and location of steps shall be such that the design 
requirements are satisfied at every section.  

iii) In plain concrete pedestals, the angle ‌ between line joining extreme 
bottom edge of footing and outer edge of column resting on the pedestal 
and the horizontal (see Fig. 59) shall comply with the condition: 

ÔÁÎ‌ πȢω ρ
ρππή

Ὢ
 

where 
ή  = Maximum bearing pressure induced in soil underneath the 
pedestal, and 

Ὢ  = Characteristic strength of concrete. 
 

 
 

FIG. 59 PERMISSIBLE ANGLE ‌ CONTAINED WITHIN THE GEOMETRY OF PEDESTAL 

 

3) Bending Moments and Shear Forces   
 
i) The bending moment at any vertical sectional plane of the footing shall 
be determined as the moment of the forces acting over the entire area 
of the footing to the cantilever side of that sectional plane (which extends 
completely across the footing).  

ii) The critical section for estimating the design bending moment of an 
isolated footing which supports a column, pedestal or wall, shall be 
taken: 
aa) At the face of the column, pedestal or wall, in footings supporting a 
concrete column, pedestal or wall; 

bb) Halfway between the centreline and the edge of the wall, in footings 
under masonry walls; and 

cc) Halfway between the face of column or pedestal and the edge of 
gusseted base, in footings under gusseted bases. 

iii) When doing so, bending moments and shear forces shall be calculated 
assuming the reaction from any pile to be a concentrated force at the 
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centre of the pile, in footings resting on piles; and the critical section for 
bending moment and shear force shall be taken at the face of the column 
or pedestal taken as a square inscribed within the perimeter of the 
circular or octagonal columns or pedestals, in footings that support 
circular or octagonal columns or pedestals. 

 
iv) The design for shear force of a footing is governed by the more severe 
of the following conditions: 
aa) Beam Shear: One-way action of the footing with a potential diagonal 
crack extending in a plane across the entire width, with the critical 
section located at a distance equal to the effective depth of footing 
from the face of the column, pedestal or wall supported by it;  

bb) Punching Shear ï Symmetrical: Two-way action of the footing with 
potential diagonal crack extending along the surface assumed to be 
a symmetrically oriented truncated cone around circular column 
above or truncated pyramid around rectangular column above, with 
the critical section located at a distance equal to half the effective 
depth of the footing from the face of the column that carries only axial 
load. 

cc) Punching Shear ï Unsymmetrical: Two-way action of the footing with 
potential diagonal crack extending along the surface assumed to be 
two anti-symmetrically oriented half truncated cones one around 
each side around circular column above or half truncated pyramids 
one around each side rectangular column above, with the critical 
section located at a distance equal to half the effective depth of the 
footing from the face of the column that carries both axial load and 
bending moment. 

 
4) Tensile Reinforcement   

 
The total tensile reinforcement at any section (across the entire width of 
the footing) shall provide a limiting bending moment capacity ὓ at least 
equal to the design bending moment ὓ  on the section. The total tensile 
reinforcement so obtained shall be distributed: 
i) In one-way reinforced footings, uniformly across the full width of the 
footing along each of the two directions in plan;  

ii) In two-way reinforced footings, uniformly across the full width of the 
footing, along each of the two directions in plan; and 

iii) In two-way reinforced footings, uniformly across the full width of the 
footing, along the long direction in plan and non-uniformly across the 
full width of the footing, along the short direction in plan as below:  
aa) A fraction ‍ of the total reinforcement uniformly distributed across 
a central band equal to the width of the footing marked along the 
length of the footing, and  

bb) The remaining fraction ρ ‍ of the total reinforcement uniformly 
distributed in the outer portions of the footing, where: 

‍
ς

ρ
ὒ
ὄ

 

where 
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ὒ = Longer length of the footing in plan, and 
ὄ = Shorter length of the footing in plan. 

 
5) Bearing Stress on top of the footing  

 
i) The maximum bearing stress Ὢȟ  demand in concrete at the top of 

the footing (or at the base of a column or pedestal) under the action 
of factored design forces (obtained as per load combinations given 
in Table 3) shall comply with the condition: 

Ὢȟ άὭὲςὪȠ   Ὢ
ὃ

ὃ
 

where 
Ὢ  = Design bearing strength of concrete given by 9.2.6.1(a),  

ὃ = Area of the base of the frustum of a cone or pyramid, contained 
wholly within the footing, having column or pedestal as its upper 
area, and having a slope of 1 vertical to 2 horizontal (see Fig. 
60), and 

ὃ = Area of the column or pedestal. 

ii) The maximum bearing stress max,bf  does not comply with the above 

the condition: 
a) Reinforcement shall be provided for developing the excess force 
by additional dowels in the footing;  

b) Development length of such dowel reinforcement shall be 
sufficient to transfer the compression or tension to the footing; 

c) Such dowel reinforcement shall: 
1) be at least 0.5 percent of the cross-sectional area of the 
column or pedestal,  

2) have a minimum of four bars, and  
3) have diameter not exceeding the diameter of the column or 
pedestal bars by more than 3 mm. When column or pedestal 
bars are of diameter 36 mm or larger, dowel bars shall be of 
diameter smaller than that of the column or pedestal bars. 

 

 
FIG. 60 BEARING STRESS ON TOP OF THE FOOTING 
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b)  Raft Foundations 
 
Raft foundations shall comply with the following: 
1) Longitudinal flexural reinforcement in raft foundations shall be placed in two 
curtains, one on top face and another on the bottom face, along both plan 
directions. This shall meet the minimum longitudinal reinforcement 
requirements specified in 9.2.4.1(a)(6).  

2) In one-way rafts, flexural shear shall be considered for across the full width 
of the raft in design. 

3) In two-way rafts, both flexural shear and punching shear shall be considered 
in design. 

 
c)  Piles and Pile Caps 
The requirements specified in IS 2911 (Part 1/Sec 1) shall be complied with.  

 
d)  Piled-Rafts  
The requirements specified in IS 2911 (Parts 1 and 3) shall be complied with. 

 
e)  Wells and Well Caps 

           Specialist literature may be referred. 
 
9.3.3.6 Special Structural Elements 
 
Adequate end anchorage shall be provided for tension reinforcement in flexural 
members where reinforcement stress is not directly proportional to moment, such as 
sloped, stepped, or tapered footings, brackets, deep beams and members in which 
the tension reinforcement is not parallel to the compression face. 
 
a) Staircases 

 
The recommendations related to strength, deflection and crack control for 
beams and slabs shall be applicable for staircases also. Further, the following 
shall be applicable. 
 
1) Distribution of loads on stairs  
In stairs with open wells, where spans partly crossing at right angles occur, 
the load on areas common to any two such spans may be taken as 50 
percent in each direction as shown in Fig. 61(a). Where flights or landings 
are embedded into walls for a length of not less than 110 mm and are 
designed to span in the direction of the flight, a 150 mm strip may be 
deducted from the loaded area and the effective breadth of the section 
increased by ὨȾς for purposes of design [see Fig. 61(b)]. 

 
2) Depth of section  
The depth of section shall be taken as the minimum thickness perpendicular 
to the soffit of the staircase. 

 
3) Modelling of staircases 
Staircases shall be modelled to capture the stiffness introduced between 
two successive floor slabs by the inclined slab and/or inclined spine beams. 
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But, when sliding joint detailing is adopted at the junction of the floor slab 
and inclined slab and/or inclined spine beams, the analytical model shall be 
modified accordingly to not introduce any stiffness between two successive 
floor slabs.    

 
 

  FIG. 61A      FIG. 61B 
FIG. 61 ASSESSMENT OF LOADS ON STAIR SLABS: (A) OPEN WELL STAIRCASE, AND (B) 

STAIRS BUILT INTO WALL 
 
b) Corbels 

 
1)  Corbels may be designed by using strut & tie method. When doing so, the 
following shall be complied with: 
i) The inclination of strut with respect to the main tie shall lie between 45Á 
and 68Á.  

ii) The strut shall be designed such that the concrete compression stress 
in it does not exceed that given in 9.3.6.  

iii) The reinforcement, corresponding to the ties shall be fully anchored 
beyond the loaded area under the bearing plate, by using U-hoops or 
anchorage devices such as couplers, unless a length ὰȟ  is available 
between the face of the vertical member and the front of the corbel. ὰȟ  
shall be measured beyond the full width of compressive strut, and shall 
be fully anchored at the other end of the vertical member to which the 
corbel is attached. 

 
2)  Alternately, a corbel may be designed by the following prescriptive 
method, if the following conditions are satisfied: 
i) The distance ὥ of application of factored design vertical force ὠ is less 
than its effective depth Ὠ determined at the face of the vertical member 
(see Fig. 62), 

ii) The corbel is subjected to a net downward load ὠ, and 

iii) The corbel is subjected to factored design horizontal force Ὄ acting 
away from the vertical member is less than ὠ. 

 
3)  In the prescriptive method, a corbel shall be designed in accordance with 
the following provisions: 
i) The design of the corbel shall depend on the geometry of the corbel. If: 
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a) ὥ πȢυὈ: The corbel shall be provided with closed horizontal stirrups 
with area ὃ  shall be provided in addition to the main tension 
reinforcement ὃ at the top of the corbel. Here, ὃ  shall comply with: 

    ὃ πȢυὃ  
which shall be provided  in upper two-third of the corbel depth Ὠ. 

b) πȢυὈ ὥ Ὀ: The corbel shall be provided with closed vertical 
stirrups with area ὃ  shall be provided in addition to the main tension 
reinforcement at the top of the corbel and the closed horizontal or 
inclined stirrups. Here, ὃ  shall comply with: 

ὃ
πȢυὠ

πȢψχὪ
 

Also, the corbel shall be designed such that the concrete 
compression stress in the strut does not exceed that given in 9.3.6.  

c) ὥ Ὀ: The corbel shall be designed as a cantilever flexural member.  
i) If the corbel has varying depth, then the depth Ὠ at the outside 
edge of the corbel shall not be less than πȢυὨ, half the depth at 
the face of the support. In such a case, The favourable 
contributions from inclined compression chord shall not be 
considered when resisting the factored loads ὠ and Ὄ. 

ii) Critical section at the face of the support shall be designed to 
resist simultaneously ὠ, Ὄ, and a factored moment ὠὥ
Ὄ Ὤ Ὠ. 

iii) Design of shear friction reinforcement ὃȟ  to resist ὠ shall be in 

accordance with 9.3.2.5(b). 
iv) The nominal shear stress vt at the face of the support due to 

factored design vertical force ὠ shall be less than the design 

maximum shear strength max,ct  of concrete. 

v) Reinforcement ὃ  required to resist the moment ὠὥ
Ὄ Ὤ Ὠ shall be estimated as per 9.3.2.4(b). 

vi) Horizontal forces Ὄ, when applied in addition to the vertical load 
ὠ, shall require additional reinforcement in the tie. Reinforcement 
ὃ to resist Ὄ shall be determined from πȢψχὪ Ὄ. Here, Ὄ 

shall not be taken less than πȢςὠ, unless provisions are made to 
avoid Ὄ from acting outwards from the vertical member. Ὄ shall 
be regarded as imposed load, even if it acts outwards from the 
vertical member owing to restraint of creep, shrinkage or 
temperature change. 

vii) Area of primary reinforcement ὃ  shall be such that 

ὃ άὥὼὃ ὃ Ƞ   
ς

σ
ὃȟ ὃ  

viii) Total area ὃ  of closed stirrups or ties parallel to primary 
reinforcement shall not be less than πȢυὃ ὃ . Distribute 

ὃ  uniformly within a distance Ὠ adjacent to the primary 

reinforcement. 
ix) ὃ ȾὦὨ shall not be less than that specified in 9.2.4.1(b). 
x) At front face of the corbel, primary tension reinforcement shall be 
anchored by: 
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a) Bending primary tension reinforcement back to form a 
horizontal loop; OR 

b) Any other means of positive anchorage. 
xi) Bearing area on the corbel shall not project beyond straight 
portion of primary tension reinforcement, nor project beyond 
interior face of transverse anchor bar, if provided. 

xii) The effects of torsion, if any, shall be catered to in accordance 
with 8.7.1.6. 

 

                  
FIG. 62A                                                               FIG. 62B 

 
FIG. 62 GEOMETRY OF CONCRETE CORBEL WITH: (A) UNIFORM DEPTH, AND (B) VARYING 

DEPTH 
 
9.3.3.7 Thermal expansion 
 

a) The stresses induced by temperature changes in concrete members that 
restrained against expansion and contraction of members shall be deemed 
to have been considered if the larger plan dimension of the structure is less 
than 45m. But, when the larger plan dimension is more than 45m, 
calculations shall be performed.  

 
b) When it is desired to not provide such separation joints in a structure, the 
stresses induced in the structure shall be as estimated as per 8 under the 
action of loads applied as per the basic load combinations specified in Table 
3 corresponding to the serviceability criteria, and designed suitably as per 
9.3. 

 
9.3.4 Design and Detailing of Prestressed Concrete Members 
 
a) The general design requirements of this standard for design of reinforced 
concrete structures shall be as applicable to the design of prestressed concrete 
members also, except as modified and supplemented hereunder for the design 
and detailing of prestressed concrete structural components and sub-systems.   
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b) Structural Design 
 
1) The grades of materials (namely concrete, untensioned reinforcing steel 
and prestressing steel) admissible for use in concrete structures shall be as 
specified in 1.2.  

2) In the calculations related to design of untensioned transverse 
reinforcement, the characteristic yield strength Ὢ shall not be taken to be 

more than 415 MPa, irrespective of the grade of untensioned transverse 
steel used.   

 
c) Reinforcement Detailing  

 
The reinforcement detailing in prestressed concrete members shall be done as 
specified in the subsequent clauses. 

 
9.3.4.1 Effects of prestress 

 
a) The effects of prestress shall be accounted for under the action of loads 
appearing on the structure.  

 
b)  In particular, the contribution of prestressing tendons to the strength resistance 
of the member shall be limited to that arising out of the additional stress 
mobilized in them by their further elongation, consistent with the ultimate 
deformation of the member. 

 
c) The force in prestress wires, cables and strands shall be considered (at least) 
at two levels, corresponding to: 
1) Prestressing force considered 10 percent more than the design value in 
post-tensioned systems, and 5 percent more than the design value in pre-
tensioned systems, and 

2) Prestressing force considered 10 percent less than the design value in post-
tensioned systems, and 5 percent less than the design value in pre-
tensioned systems, and 

 
Under the above levels of prestress, the strength and serviceability 
requirements laid down in this standard shall be met.  

 
9.3.4.2 Accounting for bonded prestressing steel in calculation of section properties 
 
Area and moment of inertia of the cross-section shall be modified to account for the 
presence of prestressing tendons and the position of their centroid. The transformed 
area of prestress steel shall be taken as m times the area of the prestressing tendon, 
where m is the modular ratio given by: 
 

ά
Ὁ

Ὁ
 

where 
Ὁ = Modulus of elasticity of prestressing steel, and 

Ὁ = Modulus of elasticity of concrete. 
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In multi-directional prestressing, reduction may be made of the full area of the 
ungrouted ducts and sheaths placed at an angle to the prestressing tendons under 
consideration. 
 
9.3.4.3 Maximum initial prestress  
 
a) At the time of initial tensioning, the maximum stress Ὢ at the jacketing end in 

a prestressing rod, wire or strand immediately behind the anchorage shall not 
exceed 90 percent of 0.1 percent proof stress. 

b) In exceptional conditions, temporary overstressing during stressing operation 
is permitted up to 95 percent of 0.1 percent proof stress provided the accuracy 
of measurement is ensured to be within Ñ 5 percent. 

c) The stress in the tendon immediately after transferring (after losses due to 
elastic shortening and anchorage slip) shall not be greater than 85 percent of 
0.1 percent proof stress. 

d) The 0.1 percent proof stress shall be taken as 86 percent of ultimate tensile 
stress. 

 
9.3.4.4 Loss of Prestress  
 
While assessing the stresses in concrete and steel during tensioning operations and 
later in service, due regard shall be paid to all losses and variations in stress arising 
from creep and shrinkage of concrete.  Relaxation of steel, shortening (elastic 
deformation) of concrete at transfer, slip in anchorage, and friction. Unless otherwise 
determined by actual tests, allowance for these losses shall be made as specified 
hereunder. 
 
a)  Creep of concrete 

 
1) The loss of prestress due to creep of concrete shall be determined under all 
permanently applied loads. The creep loss due to live load stresses, 
erection stresses and other stresses of short duration may be ignored. 

2) The loss of prestress ЎὊ  due to creep of concrete shall be obtained as: 

ЎὊ
Ὁ‐ ὃ "ÏÎÄÅÄ 4ÅÎÄÏÎÓ     

ЎὪ ὃ   5ÎÂÏÎÄÅÄ 4ÅÎÄÏÎÓ
 

where 
Ὁ = Modulus of elasticity of the prestressing steel; 

‐  = Creep strain of concrete integrated along the line of centroid of the 
prestressing tendon at the section at which creep-loss is being 
calculated. For all practical purposes, it shall be the creep strain due 
to sustained stress equal to the average of the stresses at the 
beginning and end of the period in focus; 

ὃ  = Area of cross-section of concrete member; and 
ЎὪ  = Integrated and averaged creep stress along the line joining the 

anchorage points. 
 

b)  Shrinkage of concrete 
The loss of prestress ЎὊ  due to shrinkage of concrete shall be obtained as: 

ЎὊ Ὁ‐ ὃ  
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where 
Ὁ = Modulus of elasticity of the prestressing steel; and 

‐  = Shrinkage strain of concrete estimated as per 7.1.4.5, and 
ὃ  = Area of cross-section of concrete member. 
 

c)  Relaxation of steel 
The loss of prestress ЎὊ due to relaxation in prestressing steel shall be 
obtained as: 

ЎὊ ЎὪὃ  

where 
ЎὪ = Relaxation losses (stress) in prestressing steel, which varies with type of 

steel, initial prestress, age and temperature; and 
ὃ  = Area of cross-section of prestressing steel. 

ЎὪ shall be determined from experiments. When experimental values are not 
available, the relaxation losses shall be taken 3 times the values of ЎὪȟ  

given in Table 48. 
 
Table 48 Relaxation Losses ЎὪȟ  in Prestressing Steel at 1,000 h at (20ÁC Ñ 

2ÁC) 
     [Clause 9.3.4.4(c)] 
 

Sl No. Initial Stress Relaxation Loss ( in percent) 

Normal Relaxation Low Relaxation 

(1) (2) (3) (4) 

i) πȢυὪ 0.0 0.0 

ii) πȢφὪ 3.0 1.0 

iii) πȢχὪ 5.0 2.5 

iv) πȢψὪ 8.0 4.5 

Ὢ  is the characteristic strength of prestressing steel. 

 
For tendons at higher temperatures or tendons subjected to large lateral loads, 
relaxation losses greater, the relaxation loss shall be taken as specified by the 
engineer-in-charge. No reduction in ЎὪ  shall be made in tendons with a load 
equal to or greater than the relevant jacking force applied for a short time prior 
to the anchoring of the Tendon. 

 
d)  Elastic shortening of concrete 

 
The loss of prestress ЎὊ due to elastic shortening of concrete shall be 
obtained as: 

ЎὊ πȢυάὪὃ  
where 
ά =   modular ratio of the prestressing steel and concrete chosen; and 
Ὢ  = Initial stress in concrete, estimated assuming that tendons are 

located at their centroid: 
1) Pre-tensioning ï Initial stress in concrete adjacent to the tendons 
averaged along their lengths 




