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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting.’.Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 71, Concrete,{einforced concrete and pre-stre
bcommittee SC 5, Simplified design standard for concrete structures.
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oduction

The aim of this International Standard is to provide rules for the design and construction of low-rise concrete
structures of small floor area to be built in the less developed areas of the world. The document is developed
for countries that do not have existing national standards. This document shall not be used in place of a
natlonal standard unless specmcally con3|dered and accepted by the natlonal standard body or other

mods

inclug

Is. The document is self-contained; therefore actlons (Ioads) and S|mpI|f|ed anaIyS|s pr
led, as well as minimum acceptable construction practice guidelines.

The minimum dimensional provisions contained in this document are intended to account for ung

effec
provi

s that will require more sophisticated analysis and design procedures. Nlaterial and
sions are aimed at site-mixed concrete as well as ready-mixed concrete, ‘and steel of

available strength grades.

The

regio
empl
provi

The
and
[“box

barthquake-resistance provisions are included to account for the fact that numerous ung
hs of the world occur in earthquake-prone areas. The earthquake resistance is bas
byment of structural concrete walls (shear walls) that limit the-lateral deformations of the

e for its lateral strength.

Jocument contains provisions that can be modified by‘the national standards body due to
Construction requirements and practices. The specifications that can be modified are ing
bd values”]. The authorities in each member country are expected to review the “boxed vall

subsfiitute alternative definitive values for these elements for use in the national application of the

A grg
docu
inher
matte

at effort was made to include self-explanatery tables, graphics, and design aids to simplify t
ment and provide foolproof procedures., Netwithstanding, the economic implications of the

bnt in approximate procedures as .a(substitution to sound and experienced engineering
r of concern to the designer who eémploys the document, and to the owner who hires him.

epted strength
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he minimum
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structure and
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INTERNATIONAL STANDARD

ISO 15673:2005(E)

Guidelines for the simplified design of structural reinforced
concrete for buildings

1

This International Standard applies to the planning, design and construction of structural reinfor
strucjures to be used in new low-rise buildings with restricted occupancy, number of ‘stories, a
purpose of this International Standard is to provide a registered civil engineer a@rarchitect \
information to design the reinforced-concrete structural framing of a low-rise building that compli
limitations; see 6.1. The rules of design as set forth in the present document-are simplifications

elabg

This

equiy
altern]
by th

Althol
reinfd
subs
with

altern
dime
such
simp

The
the l6

apprq
reinfd

2

The

refergnces;._only the edition cited applies. For undated references, the latest edition of th

docu

cope

rate requirements.

document may be used as an alternative to the development of @ynhational concrete builg
alent document, in countries where no national design codes themselves are availab

b national standard body or other appropriate regulatory organization.

Ligh the provisions contained in this document were established to produce, when properly

ced concrete
hd area. The
ith sufficient
ps with these
of the more

ing code, or
e, or as an

ative to the national concrete building code in countries where.it is specifically considered and accepted

employed, a

rced concrete structure with an appropriate margin of safety, this International Stand
itute for sound and experienced engineering. In order for the resulting structure designed i
hese provisions to attain the intended marginZof safety, the document must be used as
ative procedures should be employed only~when explicitly permitted by the provisions.
hsional provisions as prescribed in the de¢ument replace, in most cases, more elaborat
as those prescribed in the national building code, and an eventual economic impact is real
icity of the procedures prescribed.

professional performing the structural design in accordance with this International Standard
gal requirements for structural designers in the country of adoption and have training and 3

priate knowledge of stfuctural mechanics, statics, strength of materials, structural 3
rced concrete design and construction.

Normative references
following“referenced documents are indispensable for the application of this documen

ment (including any amendments) applies.

ard is not a
accordance
whole, and
he minimum
procedures

zed from the

should meet
minimum of
nalysis, and

t. For dated
b referenced

ISO 679, Methods of testing cements — Determination of strength

ISO 680, Cement — Test methods — Chemical analysis

ISO 863, Cement — Test methods — Pozzolanicity test for pozzolanic cements

ISO 2103, Loads due to use and occupancy in residential and public buildings

ISO 2633, Determination of imposed floor loads in production buildings and warehouses

ISO 3010, Basis for design of structures — Seismic actions on structures

ISO/TR 3956, Principles of structural fire-engineering design with special regard to the connection between
real fire exposure and the heating conditions of the standard fire-resistance test (ISO 834)

©1S0

2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

ISO 4354, Wind actions on structures

ISO 4355, Bases for design of structures — Determination of snow loads on roofs

ISO 6274, Concrete — Sieve analysis of aggregates

ISO 6782, Aggregates for concrete — Determination of bulk density

ISO 6783, Coarse aggregates for concrete — Determination of particle density and water absorption —
Hydrostatic balance method

ISO 6935‘1, StUUll fUl tl’lU lb'l’llfUl bb'lllUllt Uf CUrICrT UtU - Pdl‘l‘ 1 Pllaill bdlb

ISO 6935-2, [Steel for the reinforcement of concrete — Part 2: Ribbed bars

ISO 6935-3:1992, (as amended in 2000), Steel for the reinforcement of concrete — Part 3: Weélded fabric

ISO 7033, Flne and coarse aggregates for concrete — Determination of the particle mass-per-volum¢ and
water absorgtion — Pycnometer method

ISO 9194, Bases for design of structures — Actions due to the self-weight-ef structures, non-struftural
elements andl stored materials — Density

ISO 9597, Cements — Test methods — Determination of setting time and<soundness

ISO 10144, Certification scheme for steel bars and wires for the reinforcement of concrete structures

3 Terms|and definitions

For the purpgses of this document, the following terms*and definitions apply.

3.1

acceleratior| of gravity

g

acceleration produced by gravity at the surface of earth

NOTE Fqr the purposes of this International Standard, its value can be approximated as g ~ [10] m/s2.

3.2

admixture

material othgr than watép;-aggregate, or hydraulic cement, used as an ingredient of concrete and added to

concrete bef

3.3

bre or during its mixing to modify its properties

aggregate

granular material, such as sand, gravel, crushed stone, and iron blast-furnace slag, used in conjunction with a

cementing m

3.4
anchorage

edium to form a hydraulic cement concrete or mortar

device used to anchor a non-structural element to the structural framing

3.5

bar diameter, nominal

approximate

NOTE

diameter of a steel reinforcing bar, often used as a class designation

The nominal diameter for deformed bars is usually taken as the diameter of a plain bar having the same area.

© I1SO 2005 — All rights reserved
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3.6
base of structure
level at which earthquake motions are assumed to be imparted to a building

NOTE This level does not necessarily coincide with the ground level.

3.7

beam

horizontal, or nearly horizontal, structural member supported at one (such as a cantilever) or more points, but
not throughout its length, transversely supporting a load, and subjected primarily to flexure

3.8
bear]:g capacity of the soil
maximum permissible stress on the foundation soil that provides adequate safety against bearing|failure of the
soil, ¢r settlement of the foundation of such magnitude as to impair the structure

NOTE The value of the bearing capacity of the soil is defined at the working stress level.

3.9
bending moment
prodyict of a force and the distance to a particular axis, producing bendingeffects in a structural element

3.10
bourndary element
portian along a wall edge strengthened by longitudinal and transverse reinforcement

NOTH A boundary element does not necessarily require an.increase in thickness of the wall.

3.1
building
strucjure, usually enclosed by walls and a roof, constructed to provide support or shelter [intended for
occupancy

3.12
caisgon
foundation pile of large diameter, built partly or totally above ground and sunk below ground usually by digging
out the soil inside

3.13
cement
matefial as specified in-the corresponding referenced International Standards, which, when mixgd with water,
has hardening properties, used either in concrete or by itself

3.14
column
vertiqal-member used primarily to support axial compressive loads

3.15

collector element

element that serves to transmit the inertia forces within the diaphragm to members of the lateral-force resisting
system

3.16
combined footing
footing that transmits to the supporting soil the load carried by several columns or structural concrete walls

3.17

compression reinforcement

reinforcement provided to resist compression stresses induced by flexural moments acting on the member
section

© 1SO 2005 — All rights reserved 3
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mixture of Portland cement and any other hydraulic cement, fine aggregate, coarse aggregate, and water, with

or without ad

3.19
concrete mi
choice and p

mixtures

x design
roportioning of the ingredients of concrete

3.20

confinement hook

hook on a stirrapheepererosstehavinga-bend-efretessthan 35— with-ashdiameter{butretless than
75 mm) extehsion that engages the longitudinal reinforcement and projects into the interior of the stirfup or
hoop

3.21

confinement stirrup

tie

closed stirrup, tie or continuously wound spiral

NOTE A closed stirrup or tie can be made up of several reinforcement elements, each having a confinement hpok at
both ends. A dontinuously wound spiral should have a confinement hook at both ends.

3.22

corrosion

gradual rem@val or weakening of metal from its surface that requires_the presence of humidity and oxjgen,
and is helped by the presence of other materials

3.23

cover

(concrete) tHickness of concrete between the surface-of any reinforcing bar and the nearest face qf the
concrete member

3.24

crosstie

continuous reinforcing bar having a 135%.hook at one end and a hook of not less than 90° at lepst a
six-diameter jextension at the other end

NOTE THe hooks normally engage peripheral longitudinal bars. The 90° hooks of two successive crossties endgaging
the same longjtudinal bars are normally alternated end for end.

3.25

curing

keeping the poncretedamp for a period of time, usually several days, starting from the moment it is cgst, in
order to provjde the*cement with enough water to harden and attain the intended strength

NOTE Appfopriate curing will greatly reduce shrinkage, increase strength of concrete, and normally reduces styirface
cracking. Curikg-time-wil-depend-enthe-temperature-and-the—relative-humidity-of-the-surrounding-airthe-ameuntef wind,

the direct sunlight exposure, the type of concrete mix employed, and other factors.

3.26
curtain wall

wall that is part of the fagade or enclosure of the building

3.27
deformed re
steel reinforc

NOTE

inforcement
ement that has deformations in its surface to increase its bond to the concrete

The following steel reinforcement are normally considered deformed reinforcement under this International

Standard: deformed reinforcing bars, deformed wire, welded plain wire fabric, and welded deformed wire fabric conforming

to the appropri

ate International Standards.

© I1SO 2005 — All rights reserved
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3.28

depth of member

h

vertical size of a cross-section of a horizontal structural element

3.29
design load combination
combination of factored loads and forces as specified in this International Standard

3.30
design strength
prodyet-of-the-romin

3.31
development length
length of embedded reinforcement required to develop the design strength of reififercement] at a critical
section

3.32
development length
(bar yith a standard hook) the shortest distance between the critical section (where the strength of the bar is
to be|developed) and a tangent to the outer edge of the 90° or 180° hgok

3.33
differential settlement
movgment of the foundation of different parts of a structure by-different amounts

3.34
effective depth of section
d
distapce measured from the extreme compression fibre to the centroid of tension reinforcement

3.35
embé¢dment length
length of embedded reinforcement provided beyond a critical section

3.36
esseptial facility
building or other structure_that is intended to remain operational in the event of extreme environmental loading
from wind, snow, or eafthquakes

3.37
factgred load
factgred force
specified:neminal load or force multiplied by the load factors specified in this International Standafd

3.38
fire protection of reinforcement

amount of concrete cover necessary to insulate the reinforcement against the effects of the high temperatures
produced by fire

NOTE The concrete cover is a function of the number of hours of exposure to the fire.

3.39
flange
top or bottom part of an I-shaped section separated by the web

3.40

flexural
pertaining to the flexure bending moment

© 1SO 2005 — All rights reserved 5
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forcement

reinforcement provided to resist the tensile stresses induced by flexural moments acting on the member

section

3.42

floor system
structural elements that comprise the floor of a story in a building

NOTE The floor system includes the beams and girders, the joists (if employed), and the slab that spans between

them.

3.43
footing
portion of the

NOTE TH
footing.

3.44
formwork
temporary cd
final shape o

3.45
foundation
any part of th

3.46

foundation that transmits loads directly to the soil

e footing is often the widened part of a column, a structural concrete wall or several columns, in a con

nstruction to contain concrete in a plastic state while it is cast and)setting and which form
f the element as the concrete hardens

e structure that serves to transmit loads to the underlying soil, or to contain it

foundation beam

beam that re

sts on the foundation soil and spans between footings, used either to support walls or tg

differential sg¢ttlement of the foundation

3.47

foundation mat

continuous ¢
loads from th

3.48
girder
main horizon

3.49
gravity load
load that act

lab laid over the ground as part of the foundation and that transmits to the underlying sa
e structure

tal support beam; usually supporting other beams

5 downward and is caused by the acceleration of gravity, g, acting on the mass of the eler

bined

s the

limit

il the

hents

that causes tre dead and live loads

3.50
hook

bend at the end of a reinforcing bar

NOTE Hooks are classified by the angle that the bend forms with the bar as 90°, 135° or 180° hooks.

3.51
joist

T-shaped beam used in parallel series to directly support floor and ceiling loads, and are supported in turn by
larger girders, beams, or bearing structural concrete walls

© I1SO 2005 — All rights reserved
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3.52
lap splice
splice between two reinforcing bars obtained by overlapping them for a specified length

3.53
lateral-force resisting system
that portion of the structure composed of members proportioned to resist loads related to earthquake effects

3.54

lightweight aggregate concrete
concrete made with coarse granular material that weighs less than the granular material used in normal-
weight-aggregates

NOTH This type of concrete is not covered in this International Standard.

3.55
limit |state
condftion beyond which a structure or member becomes unfit for service and is judged either to [be no longer
usefyl for its intended function (serviceability limit state) or to be unsafe (strength limit state)

3.56
live Ipad
load |produced by environmental factors or the use and occupancy of the building and dg not include
consfruction or environmental loads

EXAMPLE Wind load, snow load, rain load, earthquake load, floed load, or dead load (without load facfors).

3.57
load leffect
force[and deformation produced in structural members by the applied loads

3.58
load [factor
factof that accounts for deviations of thejactual load from the nominal load, for uncertainties in| the analysis
that fransforms the load into a load, effect and for the probability that more than one extreme Idad will occur
simultaneously

3.59
load
force| or other action that.results from the weight of all building materials, occupants and their possessions,
envirpnmental effects; differential movement, and restrained dimensional changes

3.60
longitudinal reinforcement
reinfgrcement that is laid parallel to the longitudinal axis of the element, generally to account for flexural
effecls

3.61
mass
quantity of matter in a body

3.62
mesh wire
welded-wire fabric reinforcement

3.63

modulus of elasticity

ratio of the normal stress to the corresponding strain for tensile or compressive stresses below the
proportional limit of the material

© 1SO 2005 — All rights reserved 7
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negative moment
flexural moment that produces tension stresses at the upper part of the section of a horizontal, or nearly
horizontal element, and that requires placing negative flexural reinforcement in the upper part of the element

section

3.65

negative reinforcement
flexural reinforcement in horizontal or nearly horizontal elements, required for negative moment and which is

placed in the

3.66

upper part of the section of the element

nominal loa
magnitude o
earthquake)

3.67

nominal strength

capacity of a
material stre

NOTE TH
mechanics or
laboratory and

3.68

non-structu
element corr
attached to t

3.69
occupancy
purpose for V

3.70
partition
non-structurg

NOTE A
sometimes ref

3.7

pedestal
upright comy
than 3

3.72

ol
f the load specified in this International Standard (dead, live, soil, wind, snow, rain,fleod

structure or member to resist the effects of loads, as determined by computations using spe
ngths and dimensions and the formulas set forth in this International Standard

e specified material strengths and dimensions in turn are derived from“accepted principles of stry
by field tests or laboratory tests of scaled models, allowing for modelling effects and differences be
field conditions.

ral element

ne building

vhich a building or other structure, or.part thereof, is used or intended to be used

| wall that is employed to divide spaces

non-structural wall does\not support parts of the building other than itself. When it is on the exterio
erred as a curtain wall,

ression<member with a ratio of unsupported height to average least lateral dimension o

and

cified

ctural
fween

esponding to an architectural, a mechanical or an<electrical component or system permanently

I, it is

less

permanent load
load for which the variations over time are rare or of small magnitude

NOTE

3.73
pile

All other loads are variable loads (see also nominal loads).

slender timber, concrete or structural steel element embedded in the ground to support loads

3.74

plain reinforcement
smooth-surfaced steel reinforcement or reinforcement that does not conform to the definition of deformed
reinforcement

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

3.75

ISO 15673:2005(E)

positive moment
flexural moment that produces tension stresses at the lower part of the section of a horizontal or nearly
horizontal element and that requires placing positive flexural reinforcement in the lower part of the element
section

3.76

positive reinforcement
flexural reinforcement in horizontal or nearly horizontal elements required for positive moment and that is
placed in the lower part of the section of the element

3.77

reaciion

resisfance to a force or load, or upward resistance of a support such as a structural concrete’w|
agairst the downward pressure of a loaded member such as a beam

3.78

reinforcement

steel|bars, wire, or mesh wire, used for reinforcing the concrete where tengile stresses are e

eithe

3.79
requ
stren
in su

3.80
retai

" to the applied loads or to environmental effects such as variation of temperature

red factored strength
gth of a member or cross-section required to resist factored{oads or related internal momen
ch combinations as are stipulated by this International Stahdard

ning wall

wall uilt to hold back earth

3.81
sel
weig

3.82

eight
t of the structural element, due to the'material that composes the element

service load

all or column

xpected, due

ts and forces

load gpecified by this International'Standard (without load factors)
3.83

setti¢gment

downward movement of the supporting soil

3.84

shear

internal for¢e-acting tangential to the plane where it acts

NOT] Also called rliagnnal tension

3.85

shear reinforcement

reinforcement designed to resist shear

3.86

shores

vertical or inclined support members designed to carry the weight of the formwork, concrete and construction
loads above

© 1SO 2005 — All rights reserved 9
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3.87

shrinkage and temperature reinforcement
reinforcement normal to flexural reinforcement provided for shrinkage and temperature stresses in structural
solid slabs and footings where flexural reinforcement extends in only one direction

3.88
slab

upper flat part of a reinforced concrete floor carried by supporting joists or beams or columns

3.89

slab on grade

slab set diregthy

3.90
solid slab
slab of unifor

3.91
span length
horizontal dis

NOTE Sy

3.92

specificatio
written docu
quality of wo

3.93

specified cdmpressive strength

Ie

m thickness that does not have voids to make it lighter

tance between supports of a horizontal structural element
ch as a slab, joist, beam, or girder.
N

ment describing in detail the scope of work, materialsito be used, method of installatior
kmanship

and

(concrete) compressive cylinder strength of concréte used in design and evaluated in accordance with the

appropriate Ihternational Standard

NOTE 1 THe specified compressive strength is expressed in units of megapascals, MPa.

NOTE 2  Whenever the quantity /7, is under-a radical sign (Jfé ) the positive square root of the numerical value ¢nly is
intended, and fesult has units of megapascals.

3.94

specified laferal earthquake forces

lateral forceq corresponding-to the appropriate distribution of the design base shear force prescribed by this

International

StandardAfer an earthquake-resistant design

3.96
spiral reinfo
continuously

3.97
spread footi

rcement
wound reinforcement in the form of a cylindrical helix

ng

isolated footing that transmits to the supporting soil the load carried by a single column

3.98
stairway

flight of steps leading from one level to another

10
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3.99
stirrup
reinforcement used to resist shear and torsion stresses in a structural member

NOTE Typically, bars, wires, or welded wire fabric, either plain or deformed, either single leg or bent into an “L”, a “U”,
or rectangular shapes, and located perpendicular to or at an angle to the longitudinal reinforcement. (The term “stirrups” is
usually applied to lateral reinforcement in girders, beams, and joists and the term “ties” to those in columns and walls.)
See also tie (3.109).

3.100
story height
vertical distance between the upper part of the slab of a story and the upper part of the slab of the floor below

3.101
strength reduction factor

coeff|cient that accounts for deviations of the actual strength from the nominal strength, accerding to the
manner and consequences of failure

NOTH A strength reduction factor includes the probability of understrength members due to variatigns in material
strengths and dimensions and approximations in the design equations, to reflect.the degree of ductility and required
reliab|lity on the member under the load effects being considered and the importance of the element in the sjructure.

3.10%
stregs
intengity of force per unit area

3.103
strugtural concrete
all cancrete used for structural purposes including plain and reinforced concrete

3.104
strugtural concrete walls
walls|proportioned to resist combinations of shear, moments and axial forces

NOTH A shearwall is a structural wall.

3.104
strugtural diaphragm
strucjural member, such.as)floor and roof slabs, which transmits the effects induced by earthquakes

3.109
support
strucjural element that provides support to an other structural element

3.107
tank
container for the storage of water or other fluids

3.108

temporary facility

building or other structure that is to be in service for a limited time and has a limited period of exposure to
environmental loadings

3.109
tie
loop of reinforcing bar or wire enclosing longitudinal reinforcement

NOTE A continuously wound bar or wire in the form of a circle, rectangle, or other polygon shape without re-entrant
corners is acceptable.

© 1SO 2005 — All rights reserved 11
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3.110

tie element

element which serves to transmit internal forces and to prevent separation of such building components as
footings and walls

311

transverse reinforcement

reinforcement, such as stirrups, ties, spiral reinforcement, etc., located perpendicular to the longitudinal axis of
the element

3.112
wall
member, usyally vertical, used to enclose or separate spaces

3.113
web
thin vertical gortion with an I-shaped section that connects the flanges

3.114
weight
vertical dowrfward force exerted by a mass when subjected to the acceleration of‘gravity

NOTE THe weight is equal to the value of the mass multiplied by the acceleration of gravity, g.

3.115
wire
reinforcing bar of small diameter

3.116
working stréss
allowable stress to be used with unfactored loads

3.117
yield strength

Jy
specified mirlimum yield strength or yield-point of reinforcement

NOTE 1 THe yield strength is denominated in units of megapascals, MPa.

NOTE 2  Applicable International ' Standards specify that the yield strength or yield point be determined in tension.

4 Symbogls and.abbreviated terms

4.1 Symblols

a depth of equivalent uniform compressive stress block, expressed in millimetres

as narrowest dimension between the sides of a form

Ap area of an individual reinforcement bar or wire, expressed in square millimetres

A loaded area of bearing on concrete or the area of the confined column core, in a column with

spiral reinforcement, measured centre to centre of the spiral, expressed in square millimetres

gross area of the section of an element, expressed in square millimetres

12 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

effective cross-sectional area within a joint for shear evaluation or area of additional hanger
reinforcement, where beams are supported by girders or other beams, expressed in square

millimetres

area of longitudinal tension reinforcement, expressed in square millimetres
area of longitudinal compression reinforcement, expressed in square millimetres

minimum area of longitudinal tension reinforcement, expressed in square millimetres

total extreme steel area in a column or structural concrete wall for computation of the balanced

moment strength;, expressedHmrsquare mittmetres

total side steel area in a column or structural concrete wall for computation: of
moment strength, expressed in square millimetres

total area of longitudinal reinforcement, expressed in square millimetres
wind exposed surface area, expressed in square metres
area of shear reinforcement within a distance s, expressed intsquare millimetres

width of the compression face of the member, or widthiof the section of the membe
in millimetres

average value of b

width of the column section, or largest plan dimension of capital or drop panel, for pu
evaluation, expressed in millimetres

dimension of the column section_insthe direction perpendicular to the girder span,
metres

effective width of the compression flange in a T-shaped section, expressed in millime

web width in a T-shaped-*section, or web width of girders, beams or joists, or thickne
in a structural concrete wall, expressed in millimetres

perimeter of the ¢ritical section for punching shear in slabs, expressed in millimetres

effective-depth, which should be taken as the distance from the extreme compressid
centrgid ef tension reinforcement, expressed in millimetres

he balanced

r, expressed

nching shear

expressed in

tres

5s of the web

n fibre to the

distance from the extreme compression fibre to the centroid of compression rginforcement,

expressed in millimetres

nominal diameter of reinforcing bar or wire, expressed in millimetres

distance from the extreme tension fibre to the centroid of tension reinforcement or diameter of the

confined core of a column with spiral reinforcement, expressed in millimetres
dead loads, or related internal moments and forces
load effects of an earthquake or related internal moments and forces

modulus of elasticity of concrete, expressed in megapascals

specified compressive strength of concrete, expressed in megapascals

© I1SO 2005 — All rights reserved
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positive square root of the specified compressive strength of concrete, expressed in
megapascals

compressive strength of concrete reduced by the material factor, expressed in megapascals

extreme fibre-factored compressive stress at the edges of structural walls, expressed in
megapascals

specified yield strength of reinforcement, expressed in megapascals

yield strength of reinforcement reduced by the material factor, expressed in megapascals

probable specified maximum strength of reinforcement (fypr:1,25~fy), expressed in
megapascals

specified yield strength of transverse or spiral reinforcement, expressed in megapascals

yvield strength of transverse or spiral reinforcement reduced by the material.factor, expresded in
megapascals

oads due to the weight and the pressure of fluids with well-defined“densities and controllable
maximum heights, or related internal moments and forces

design wind or seismic force applied at level i or x, respectively, expressed in kilonewtons
factored design lateral force applied to the wall at level ionx, respectively, expressed in newfons

depth or thickness of a structural element, expressed.in millimetres

vertical distance measured from the bottomCof the supporting girder to the bottom df the
supported beam, expressed in millimetres

dimension of a column section in the direction parallel to the girder span, expressed in metrgs
height of the column section, expressed in millimetres

Slab thickness, expressed i millimetres

height above the base\to level i or x, respectively, expressed in metres

clear vertical distance between lateral supports of columns and walls, expressed in millimetr

1%
(72}

story heightof floor i, measured from floor finish of the story to floor finish of the [story
mmediately below, expressed in millimetres

fotalheight of the supporting girder, in expressed in millimetres

height of entire structural concrete wall from base to top, expressed in millimetres

loads due to the weight and pressure of soil, water in soil, or other materials, or related internal
moments and forces

moment of inertia of the column section, expressed in metres to the fourth power

span of a structural element or length of a span measured centre-to-centre of beams or other
supports

length of clear span in the short direction of two-way slabs, measured face-to-face of beams or
other supports, expressed in metres
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length of clear span in the long direction of two-way slabs, measured face-to-face of beams or
other supports, expressed in metres

development length for reinforcing bar, expressed in millimetres
clear spacing between joists, expressed in metres

length of clear span in the direction that moments are being determined, measured face-to-face
of supports, expressed in metres

length of clear span in the long direction of two-way construction, measured face-to-face of
suppaorts in_slabhs without heams and face-to-face of bheams or other supports in_aother cases or

xU

length of clear span, measured face-to-face of supports in slabs without beams, anq face-to-face
of beams or other supports in other cases, expressed in millimetres

horizontal length of structural concrete wall, expressed in millimetres
column confinement length

live loads or related internal moments and forces

sloping-roof live load or related internal moments and forces

nominal flexural moment strength at section¢)at’ balanced conditions, ekpressed in
neweton-millimetres

flexural moment strength at section at balanced;conditions, expressed in newton-milljmetres
factored story moment caused by lateralloads at story i or x, respectively, expressed in newtons
nominal flexural moment strength at\section, expressed in newton-millimetres
flexural moment strength at section, expressed in newton-millimetres

probable flexural moment strength of the element at the joint face, computed using f or and ¢=1,
expressed in newtop-metres

factored flexuralmoment at section, expressed in newton-metres
factored negative flexural moment at section, expressed in newton-metres

factared positive flexural moment at section, expressed in newton-metres

sum of the lowest flexural strengths (¢-M,) of columns framing into a joint, ¢xpressed in
newton-metres

sum of flexural strengths (¢ - M,,) of girders framing into a joint, expressed in newton-metres

factored unbalanced moment at a column-girder joint or factored unbalanced moment at a wall-
girder joint, expressed in newton-metres

nominal strength, Py, the non-factored dead-load axial force at section or non-factored
concentrated dead load applied directly to the element, expressed in newtons

is the number of bars in a layer
nominal compression axial load strength at section at balanced conditions, expressed in newtons

nominal compression axial load strength at section at balanced conditions, expressed in newtons
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xu

factored compression load on a wall-boundary element, including earthquake effects

non-factored live-load axial force at section or non-factored concentrated live load applied di
to the element, expressed in newtons

nominal axial load strength at section, expressed in newtons
maximum compression nominal axial load strength at section, expressed in newtons

axial tension strength at section, expressed in newtons

rectly

actored tertsiom force oma wath- bourdary eterment; inctudimg earthquake effects

factored axial load at section or factored concentrated design load applied directly to-theele
pr factored axial load on column or wall, expressed in newtons

pxial compressive strength at section, expressed in newtons

sum of all factored concentrated design loads within the span, expressed(in newtons
hon-factored dead load per unit area, expressed in newtons-per square metre
hon-factored live load per unit area, expressed in newtons-per 'square-metre
factored load per unit area, expressed in newtons-per square metre

factored uniformly distributed reaction from the slab\on the supporting girder, beam or stru
concrete wall, expressed in newtons-per metre

Fain load or related internal moments and forces
fotal factored concentrated reaction frem a supported structural element, expressed in newtd

sum of all factored reactions from supported structural elements at the same story, express
hewtons

5pacing between stirrlps’ or vertical spacing between bars of skin reinforcement or spaci
ongitudinal or transverse reinforcement or clear distance between webs, expressg
millimetres

snow load ar.related internal moments and forces

cumulative” effect of temperature, creep, shrinkage or differential settlement, or related in
moments and forces

ment

Ctural

ns

ed in

centre-to-centre spacing ‘of)transverse reinforcement measured along the axis of the elemé¢nt or

hg of
d in

ernal

aafarad taraianal on s ot fion  oviaraoo Ain oy
actorcutorsiorart T TTC A" RN IEEN]

P~y o
TOTTIICTT STOUUTT, CTAPTTSST

required factored strength to resist factored loads or related internal moments and forces

contribution of the concrete to the nominal shear strength at section, expressed in newtons

factored design shear force from the development of the probable flexural capacity of the element

at the faces of the joints, expressed in newtons

factored story shear caused by lateral loads at story i or x, respectively, expressed in newtons

nominal shear strength at section, expressed in newtons
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contribution of the horizontal reinforcement to the nominal shear strength at section,
newtons

factored shear force at section, expressed in newtons

expressed in

non-factored uniformly distributed dead load per unit element length applied directly to the element,

expressed in newtons per metres

non-factored uniformly distributed live load per unit element length applied directly to
expressed in newtons per metres

the element,

factored uniformly distributed design load per unit element lengih applied directly to
expressed in newtons per metres

wind loads or related internal moments and forces

total factored uniformly distributed design load per unit element length;~expressed ir
per metres

fraction of the load that travels in the short direction in two-way-slabs-on-girders
fraction of the load that travels in the long direction in two4way slabs-on-girders
constant used to compute nominal punching sheatstrength in slabs

ratio of clear spans in long to short direction*¢f-two-way slabs

strength reduction factor

. I . . A
ratio of longitudinal tension reinforcement, equal to 5 S

ratio of longitudinal compression reinforcement

ratio of horizontalreinforcement in structural concrete walls
maximum pérmissible ratio of longitudinal flexural tension reinforcement
minimUm/permissible ratio of longitudinal flexural tension reinforcement

ratio of spiral reinforcement

the element,

kilonewtons

N
@

ratio of total longitudinal reinforcement area to grass concrete section area equal to |

ratio of vertical reinforcement in structural concrete walls

4.2 Abbreviated terms

max.

min.

maximum

minimum

© I1SO 2005 — All rights reserved

oS
U

17


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

5 Design and construction procedure

5.1

Procedure

The design procedure consists of steps A through K; see also Figure 1.

5.1.1 Step

A

Step A includes definition of the layout in plan and height of the structure, following the provisions of 7.1, and
verification that the limitations specified in 6.1 are met.

5.1.2 StepB

Step B includes calculation of all gravity loads that act on the structure using the provisions of.7.2; exclluding
the selfweight of the structural elements.

5.1.3 Step|C

Step C includes definition of an appropriate floor system, depending on the span lengths and the magnityde of
the gravity lopds, in accordance with the provisions of 7.4.

5.1.4 Step[D

Step D inclugles trial dimensions for the slab of the floor system, calgulation of the selfweight of the sy

5tem,

and design of the elements of which it is composed, correcting the @imensions as required by the strength and
serviceabilityl limit states, and in accordance with the provisions 6f.7.5 for slab systems with beams.

51.5 Step[E

Step E includes trial dimensions for the beams and.girders, calculation of their selfweight, flexural and ghear
design of thg beams and girders, correcting the ditnénsions as required by the strength and serviceability limit
states and in[accordance with the provisions inelude in 7.6.

5.1.6 Step|F

Step F includes trial dimensions(for the columns, calculation of their selfweight, column slendefness
verification ahd design for the combination of axial load and moment, and shear; correcting the dimensiohs as
required by the strength and serviceability limit states, in accordance with the provisions of 7.7.

5.1.7 Step|(G

If lateral loads such.as earthquake, wind, or lateral earth pressure exist, their magnitude is established lsing

the provision

5 of 7.2; otherwise the designer should proceed to Step I.

5.1.8 Step

H

Preliminary location and trial dimensions for structural concrete walls capable of resisting the lateral loads are
established in accordance with the provisions of 7.8 for earthquake forces. The influence of their selfweight is
evaluated and flexure and shear design of the structural concrete walls is performed in accordance with the
provisions of 7.9.

519 Stepl

The loads at the foundation level are determined, and a definition of the foundation system is formulated in
accordance with the provisions of 7.10. The structural elements of the foundation are designed.
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5.1.10 Step J

Step J includes the production of the structural drawings.

5.1.11 Step K

ISO 15673:2005(E)

The construction of the structure should be performed complying with the local construction and practice.
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Figure 1 — Design procedure
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5.2 Desig

The design s

5.21

n documentation

teps should be fully recorded in the documents described in 5.2.1 to 5.2.4.

Calculation memoir

The structural designer should document all design steps in a calculation memoir. This memoir should contain,
as a minimum, the following:

general structural requirements of the project, in accordance with 7.1;

a)

b) descript
c) loads en
d) grade,s
e) presenta
f)  sketcheg
5.2.2 Geot

The geotech
allowable be
retaining stry

5.2.3 Strug

This includes

5.2.4 Spec

The construd

6 Gener

6.1

These provis
set forth in 6

on of the structural system employed;

nployed;

rength and fabrication standards for all structural materials;
tion of all design computations;

of the reinforcement layout for all structural elements.

bchnical report

hical report should record, as a minimum, the soil investigation performed, the definition
cture and all other information required in 7.10.

tural drawings

all the drawings required for construction. 0f the structure of the building.

fications

tion specifications are required:

al provisions

Limitations

ions should ‘be employed only when the building being designed complies with all the limitd
1.1 to 6:110.

6.1.1

f
aring capacity of the bearing soil, the lateral soil pressures required for the design of an(t/

Occypancy

6.1.1.1

Permitted occupancies

the
soil

tions

The intended use of the building being designed should be permitted for the occupancy subgroup as specified

in Table 1.

20
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Table 1 — Permitted occupancies

Occupancy group Occupancy subgroup Permitted
A-1 [ churches, theatres, stadiums, coliseums, gymnasiums NO
Group A — Assembly Ao |building having an assembly room with a capacity of fewer than [YES]
100 persons and not having a stage
building for use as offices, and for professional services, [YES]
Group B — Business B | containing eating and drinking establishments with fewer than
50 occupants
E-1 |classrooms for schools up to high-school [YES]
(—‘.rnllln E — Educational
E-2 |classrooms for universities [YES]
) F-1 [light industries not employing heavy machinery [YES]
Group F — Industrial
F-2 | heavy industries employing heavy machinery NO
G-1 |garages for vehicles with a carrying capacity up to 2,000 kg YES
Group G — Garages
G-2 |garages for trucks of more than 2 000 kg carrying capacity NO
H-1 |nurseries for day-care of infants [YES]
Group H — Health H-2 |health care centres for ambulatory patients [YES]
H-3 [hospitals NO
Group M — Mercantile M |display and sale of merchandise YES
) ) R-1 |hotels [NO]
Group R — Residential
R-2 |houses and apartment buildings YES
S-1 | storage of light materials YES
Group S — Storage
S-2 |storage of heavy ofhazardous materials NO
Group U — Utility U [utilities, watef Supply systems, power generating plants NO

6.1.1]12 Mixed occupancy

Buildjngs of mixed occupancy should be permitted to be designed using these provisions when all the types of
occupancy in the building are permitted by Table 1.

6.1.2] Maximum number of stories

The maximum number of stories for a building designed in accordance with this International Stahdard should
be [five]. This number of stories should include the floor at the level of the ground and any bgsement, and
should not include the roof. The number of basements should not exceed one.

6.1.3| (Maximum area per floor

The maximum area per floor should not exceed [500] m2.

6.1.4 Maximum story height

The maximum story height, measured from the floor finish to the floor finish of the story immediately below,

should not exceed [4] m.

6.1.5 Maximum span length

The maximum span length for girders and beams, measured centre-to-centre of the supports, should not

exceed [10] m.

© I1SO 2005 — All rights reserved
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6.1.6 Maximum difference in span length

Spans shall be approximately equal, and the larger of two adjacent spans should not be greater than the
shorter by more than 20 % of the larger span.

6.1.7 Minimum number of spans

The minimum number of spans in each of the two principal directions in the plan of the building should not be
less than two. It should be permitted to use one span in buildings of one or two stories, but the span length
should not exceed [5] m.

6.1.8 Maxi
The maximu

length of the
International

6.1.9 Maxi

It should be
should not e

6.1.10 Maxi

The slope of
produce a rig
first floor of t

6.1.11 Distance between centre of mass and centre of rigidity

The distancs

global torsion of the structure.

6.2 Limit

The design @pproach for the purposes”of this International Standard is based on limit states, where 4

state is a co
no longer us

The following

mum cantilever span
M clear span length for girders, beams and slabs in cantilever should not exceed 1/3)0f'the

first interior span of the element, in order to avoid cantilevers too long for the purposes @
Standard.

mum slope for slabs, girders, beams and joists

pbermitted to use sloping slabs, girders, beams and joists, but the slepe of the structural ele
ceed 15°, except in members that are part of stairways.

mum slope of the terrain

e of the terrain, in the length of the building in that direction, of more than the story height
ne building, without exceeding a slope of [30]°.

between the centre of mass and the-centre of rigidity shall be kept small to reduce the r|

states

ndition beyond which-a-structure or member becomes unfit for service and is judged either
eful for its intended funiction or to be unsafe.

limit states are-considered implicitly in the design procedure:
| integrity\limit state;

ad.story drift limit state;

span
f this

ment

the terrain where the building is located should not_exceed, in any direction, a value that will

bf the

sk of

limit
to be

a) structura
b) lateral lo
c)

d) fire limit
e) ultimate

durability fimitstate;

state;

and serviceability limit states.

6.3 Ultimate limit state design format

6.3.1

General

For the ultimate limit state design, the structure and the structural members should be designed to have
design strength at all sections at least equal to the required strengths calculated for the factored loads and

forces in suc

22

h combinations as are stipulated in this International Standard.

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

The basic requirement for ultimate limit state should be that the resistances are equal to or greater than the
load effects.

To allow for the possibility that the resistances can be less than computed and the load effects can be larger
than computed, strength reduction factors, ¢, less than one, and load factors, y, generally greater than one,
should be employed as shown in Equation (1):

$-RyZpq-Sy+pp-Sp+ -

where

TherIfore, the ultimate limit state design format requires that the design strength,is~equal to or
the r

wherg

6.3.2] Required factored strength

The

using the load factors and combinations spegified in 7.2.2.

6.3.3| Design strength

The

of flekure, axial load and shear, 'should be taken as the nominal strength calculated in accorda
requirements and assumptions of this International Standard for each particular force effect in
element types at the criticalysections defined by this International Standard, multiplied by the follo
redugtion factors, ¢

a)
b)

c)

d)

(1)

Kn IS the nominal strength;

$1, 5o, are load effects based on the nominal loads specified by this International Standard.
quired factored strength, as specified in Equation (2):

p- Nt = U

Yy is the required factored strength, equal to 74 x S; + 75 X85 + ...;

N,

st is the nominal strength.

equired factored strength, U, should be computed by multiplying service loads or forces by

design strength provided by-a,member, its connections to other members and its cross-secti

flexure, witheut axial load: ¢ =10,90];

axial tension, and axial tension with flexure: ¢=10,90];

greater than

)

load factors

pns, in terms
nce with the
each of the
ving strength

axigl compression and axial compression with flexure:

— columns with ties, and structural concrete walls: ¢=10,70],

— columns with spiral reinforcement ¢=1[0,75];
shear and torsion ¢=10,85];
bearing of concrete ¢=1[0,70].
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6.4 Serviceability limit state design format

Serviceability limit states correspond to conditions beyond which specified performance requirements for the
structure, or the structural elements, are no longer met. The accordance with the serviceability limit state for
the purposes of this International Standard, should be obtained indirectly thorough the observance of the
limiting dimensions, cover, detailing and construction requirements. These serviceability conditions include
effects such as the following:

a) lack of durability due to long-term environmental effects, including exposure to an aggressive
environment or corrosion of the reinforcement;

b) dimensional changes due to variations in temperature relative humidity and other effects:

c) excessiJe cracking of the concrete;
d) excessiJe horizontal deflections;
e) excessiVe vertical deflections;

f)  excessiJe vibration.

7 Specifjc provisions
7.1 Structural systems and layout

7.1.1 Description of the components of the structure

For the purppses of this International Standard, the building,structure should be divided into componerts as
specified in 1.1.1.1t0 7.1.1.5.

7111 Flpor system

The floor system consists of the structural elements that comprise the floor of a story in a building| The
different typgs of floor systems covered by this International Standard are described in 7.4. The floor system
includes the pgirders, beams and joists (if employed), and the slab that spans between them, or the slab, when
it is directly supported on columns, as'in)slab-column systems.

7.1.1.2 Vgrtical supporting-elements
The vertical $upporting elements hold up the floor system at each story and transmit the accumulated gfravity

loads all the way down-to’the foundation of the structure. For the purposes of this International Standard| they
can be eithell columnsor structural concrete walls.

7113 Fqundation

The foundation comprises all structural elements that serve to transmit loads from the structure to the
underlying supporting soil, or are in contact with the soil, or serve to contain it. Included are elements such as
spread footings, combined footings, foundation mats, basement and retaining walls, grade beams and slabs
on grade, among others. Deep foundations, such as piles and caissons, and their pile footings and caps, are
beyond the scope of this International Standard and are not covered.

71.1.4 Lateral-load resisting system

The lateral-load-resisting system is composed of the structural elements that acting jointly support and
transmit to the ground the lateral loads arising from earthquake motions, wind and lateral earth pressure. The
floor system should act as a diaphragm that carries in its plane the lateral load from the point of application to
the vertical elements of the lateral-load resisting system. The vertical elements of the lateral-load resisting
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system, in turn, collect the forces arising from all floors and transmit them down to the foundation and through
the foundation to the underlying soil. Under this International Standard, the main vertical elements of the
lateral-load-resisting system should be structural concrete walls.

7.1.1.5 Other structural elements

Other structural elements that are part of the structure of the building are stairways, ramps, water tanks and
slabs on grade.

7.1.2 General program

7.1.2|11  Architectural program

A geheral architectural program of the building should be coordinated with the structural degigner before
actugl structural design begins. The general architectural program should include, at least, the following items:

a)
b)

c)

d)
e)
f)
9)
h)

7.1.2]2 General structural provisions

lan shape and dimensions of all the floors of the building;
levation of the building and its relationship with the terrain, including the basement, if any;

pe of roof, its shape and slopes, the type of water-proofing, the means to facilitate the rynoff of water
om rain and melting snow or hail and the location of drainage gutters;

se of the internal space of the building, its subdivision, and means of separation, in all storids;

@

inimum architectural clear height in all floors;
Ipbcation of stairways, ramps, and elevators;
tiype of building enclosure, internal partitions, architectural, and non-structural elements;

Ipcation of ducts and shafts for utilities, such as power supply, lighting, thermal control, ventilation, water
supply and waste water, including enough information to detect interference with the structural elements.

Based on the general architectural program information, the structural designer should defing the general
strucjural requirements for the structure being designed under this International Standard. These general

strucjural requirements shadld-include, at least, the following items:

a)
b)
c)

d)

intended use of the building;

ominal loads(related to the use of the building;
pecial leads required by the owner;

esign earthquake motions, if the building is located in a seismic zone];

requirements for [snow], [hail] or rain;

fire requirements;

type of roof and appropriate loads when not built from reinforced concrete;
site information related to slopes and site drainage;

allowable soil bearing capacity, recommended foundation system derived from the geotechnical
investigation and additional restrictions related to expected settlement;

environmental requirements derived from local seasonal and daily temperature variations, humidity,
presence of deleterious chemicals and salt;
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I) availability, type and quality of materials such as reinforcing bars, cement, aggregates;
m) availability of materials for formwork;
n) availability of a testing lab for concrete mix design and quality control during construction;

0) availability of qualified workmanship.
7.1.3 Structural layout

71.31 General structural layout

The structurdl designer should define a general structural layout in plan. This general layout should inclufde all
information, In plan, that is common to all levels of the structure; see Figure 2. The general structuralfayput in
plan should include the following:

a) Dimensipned grid of axes, or centrelines, in both principal directions in plan. These axés)should intgrsect
at the logation of the vertical supporting elements (columns and structural concrete walls).

b) Location in plan of all vertical supporting elements, columns and structural concrete walls. These vertical
supporting elements should be aligned vertically and should be continuous*all the way down tp the
foundatipn. Walls that separate spaces, built of reinforced concrete, can belmade into structural corjcrete
walls if they are continuous all the way down to the foundation and_have no openings for windoys or
doors.

c) Locatior of all ducts, shafts, elevators and stairways that are continuous from floor to floor;

d) Horizonfal distances, /, between centrelines, which correspand to the centre-to-centre span lengths ¢f the
floor sysftem;

e) In seismfic zones, the location and distribution of all structural concrete walls.

Key

1 wall 4 centreline grid
2 span length 5 column

3 shaft

Figure 2 — General structural layout in plan
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7.1.3.2 Floor layout

For each typical floor, the structural designer should develop a structural floor layout (see Figure 3) that
should contain the following:

a) superposition of the floor perimeter on the general grid of axis;
b) girder and beam location, or column and middle strips for slab-column systems;
c) additional information, including all substantial architectural openings in the floor;

d) approximate load path from all floor areas to the supporting beams and girders.

7.1.3]3 Vertical layout

The $tructural designer should define a general structural vertical layout (see Figure 4) that shoyld include all
relevant information relating to the height of the structure, including the following:

a) mumber of stories;

b) r all floors, the story height, defined as the vertical distance from thefleor finish to the floof finish of the
oor immediately below;

c) slope and shape of the roof;
d) architectural vertical clearance from floor finish to ceiling, as.required by the use of the building;

e) VYertical space necessary to accommodate horizontal’and vertical service elements for power, water
supply and drainage, heating, ventilation and air conditioning;

f)  slope of the terrain and its relationship to the ground floor or basement, if any;

g) supporting soil-stratum depth and water-table depth.

C?ild ® leg ® Lap ®

Key
1 girder 3  structural perimeter
2 beam 4 load path

Figure 3 — Typical floor structural layout
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-~
a) floor section details b) buildingelevation

Key
1 floor finish 6 architectural vertical clearance
2 slab 7 story height, i,
3 service elé¢ments 8 water-table
4  ceiling 9 bearing soil stratum
5 floor finisH
a8  Maximum|slope, 15°.
b

Maximum|slope, 30°.

Figure 4 — Vertical layout of the building

7.1.4 Feas|bility

Based on the layout information, the structural designer should verify the feasibility of performing the strugtural
design in ac¢ordance with this International 'Standard. The compliance with the following limitations shoyld be
verified.

a) The use|of the building should-be within the accepted occupancies as specified in 6.1.1 and, if of ixed
use, all fypes of intended eceupancies should be within those permitted.

b) The nurIber of stories’should not exceed the maximum permissible, as specified in 6.1.2.
c) The area of the largest floor should not exceed the maximum permissible area as specified in 6.1.3.

d) The stofy height of the tallest story, measured from finish-to-finish, should not exceed the maxjmum
permissible-story height as specified in 6.1.4.

e) The span lengths should be within the maximum span length as specified in 6.1.5.
f)  The difference between adjacent spans should not exceed the limits as specified in 6.1.6.

g) The number of spans in both directions and in all floors should not be fewer than two, as specified in 6.1.7,
or within the exceptions stated there.

h) No girder, beam or slab cantilever should exceed the limits as specified in 6.1.8.

i)  No sloping girder, beam, joist or slab should have a slope greater than the maximum permissible value as
specified in 6.1.9.

i) The slope of the terrain at the building site should not exceed the maximum as specified in 6.1.10.
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Actions (loads)

General

Subclause 7.2 provides the minimum load provisions for the design of buildings under this International
Standard. Loads and the appropriate load combinations should be used together.

7.2.2

Load factors and load combinations

The load factors and combinations specified in 7.2.2.1 to 7.2.2.7 should be employed to obtain the required

facto
comk
act in
(posi

7.2.2

The

greater of the results of Equations (3) and (4):

and

7.2.2

If req
requi
orL,
stren

Howgver, for any compination of D, L and (R, S or L), the required factored strength, U, shoul

than

7.2.2

If res|
this |

red strength. U. of the structural member or element as specified in 6.3.1.

one direction or the opposite should be interpreted as the force with the sign that leads.to
ive) or minimum (negative) value of U.

1 Dead and live load

equired factored strength, U, to resist dead load, D, and live load, L, Should be equal tg

/=[1,6]- D

/=[1,4]-D+[1,7]- L
2 Rain load, snow load and sloping roof live load

istance to structural effects of a specified rain load, R,, snow load, S, or sloping roof liv
red to be included by the specifications of:this International Standard, the combinations of D
as specified in Equations (5) and (6) sheuld be investigated to determine the greatest requ
gth, U:

/=[1,4]-D+[1,7]- L +[0,6] . (Ry or Sor L,)

/=[1,4]-D+[0,6] - L +[N7] - (RyorSorlL,)

he values derived-from Equations (3) and (4).

3 Wind

In _the following load
inations set forth to obtain the required factored strength U, the symbol + for alternating¢forces that can

he maximum

at least the

@)

(4)

e load, L, is
Land (R,, S
ired factored

®)
(6)

1 not be less

stance™to structural effects of a specified wind load, W7, is required to be included by the spsd

inves

U

=[0,75] - ((1,4]-D+[1,7]1- L)+ [1,3] - W=[1,1]1-D+[1,3] - L+ [1,3] - W

cifications of
) should be

7)

where the load combinations should include both the full value and a 0 value of L to determine the more
severe condition, and

U

=[09]-D+[1,3]- W

(8)

However, for any combination of D, L and W, the required factored strength, U, should not be less than the
values derived from Equations (3) and (4).
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7.2.2.4 Earthquake forces
If resistance to specified earthquake forces, E, is required to be included by the specifications of this

International Standard, the combinations of D, L and E as specified in Equations (9) and (10) should be
investigated to determine the greatest required factored strength U:

U=[0,75]- (1,4]-D+[1,7]- L) [1,0] - E=[1,1]- D +[1,3] - L £ [1,0] - E 9)

where the load combinations should include both the full value and a 0 value of L to determine the more
severe condition, and

U = [0,9B=f+6+—=F (10)

However, foll any combination of D, L and E, the required factored strength, U, should not be less than the
value derived from Equations (3) and (4).

7.2.2.5 Earth pressure

If resistance|to earth pressure, H, is required by the design procedure of this International Standard, the
required factpred strength, U, should be at least equal to the value derived from Equation (11):

U=114]-D+1,71-L+[1,71-H (11)
except wher¢ D or L reduces the effect of H, in which case Equation (12) should be employed:
U=[09]-D+[1,7]-H (12)
For any comlbination of D, L and H, the required factored strength, U, should not be less than the vplues
derived fromy Equations (3) and (4). When the building (Sfructure as a whole should resist permanent

uncompensated horizontal loads due to lateral soil pressure, ([1,7] - H) should be added to the right side of
Equations (3), (4), (8), (9), (10), (11) and (12).

7.2.2.6 Wepight and pressure of fluids
If resistance |to loadings due to the weight.and pressure of fluids with well-defined densities and controflable

maximum hgights, F, is required by the\design procedure of this International Standard, ([1,7] - F) shoJld be
added to the|right side of Equations(3);(4), (9) and (11).

7.2.2.7 Other effects

Where strucfural effects, %, of differential settlement, shrinkage or temperature change are significant fo the
design, the design sheuld not be preformed using this International Standard, and the appropriate standard of
each country| should:be’employed.

7.2.3 Masq of materials

For defining the mass of materials, the requirements of the applicable national standard should be met. When
no national standard is available, the requirements of ISO 9194 should be used.

7.2.4 Dead loads

Dead loads consist of the mass of all material of construction incorporated into the building, including, but not
limited to structure, walls and partitions, floors, roofs, ceilings, stairways, ramps, finishes, cladding and other
incorporated architectural and structural systems, and fixed service equipment. In determining dead loads for
the purposes of design, the actual masses of materials and constructions should be used. In determining dead
loads for purposes of design, the mass of fixed service equipment, such as plumbing stacks and risers,
electrical feeders, and heating, ventilating and air conditioning systems, should be included.
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7.2.5 Live loads

For live loads, the requirements of the applicable national standard should be met. When no national standard
is available, the requirements of ISO 2103 should be used. For industrial buildings and storage facilities, the

requi

rements of ISO 2633 should be consulted for the determination of realistic live loads.

7.2.6 Specified snow load

When snow is expected to fall due to geographical latitude, altitude, or both, the loads caused by its
accumulation should be taken into account in the design of the roof. The requirements of the applicable
national standard should be met, and when no national standard is available, it should be permitted to employ
the r¢quirements 1SO 4355.

7.2.7| Specified wind forces

For v

standard is available, the requirements of ISO 4354 should be employed.

7.2.8| Specified earthquake forces

For e

standard is available, the requirements of ISO 3010 should be used-

7.3

7.31

7.31

General reinforced concrete requirements
General

1 Scope

Subcjause 7.3 contains the provisions that are common to the reinforced-concrete structu

cove
detai

s and limits on the amount of réinforcement and the procedures for defining the desig

mempers subjected to flexural moments, axial loads with or without flexure and shear.

7.31

The
spec

2 Additional requirements

fied in 7.4 to 7.10/0fthis International Standard.

7.3.2] Materials-for reinforced concrete

7.3.2|1 General

All materials employed in the construction of a structure designed in_accordance with this
Standard should conform to the following 1SO standards:

vind loading, the requirements of the applicable national standard should be-met. Wher

arthquake loading, the requirements of the applicable national standard should be met. Whe

no national

n no national

ral elements

ed by this International Standard. They include provisions for materials, concrete cover of reinforcement,

n strength of

jesigner should be inyaccordance with the additional requirements for each individual elefnent type as

International

7.3.2.2 Cement

Cement should conform to the following ISO Standards, or the corresponding national cement standards:

ISO 679;
ISO 680;

ISO 863.
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7.3.2.3

Aggregates

Aggregates should conform to the following ISO Standards, or corresponding national aggregate standards:

ISO 6274;
ISO 6782;
ISO 6783;

ISO 7033.

7324 W

Water used i

salts, organi¢
the applicablp

7.3.2.5

Steel reinfor
in accordang
Welded-wire
Standard.

7.3.251 1
The maximu
bars should
ISO 6935-2

400 MPa ang
25 mm, 32 m
deformed rei

Lter

h mixing concrete should be potable, clean and free from injurious amounts of oil$,-acids, a
materials, or other substances deleterious to concrete or reinforcement and should confg
ISO standards, or the corresponding national mixing-water standard.

Steel reinforcement

ement should be deformed reinforcement, with the exceptions noted in 7.3.2.5.3 and shoJ
e with the following limitations and with the applicable 1SO (standards, specifically 1SO 1
fabric should be considered deformed reinforcement fof/the purposes of this Interna

Deformed reinforcement

M specified yield strength for deformed reinforcement should be 400 MPa. Deformed reinfq
conform to ISO 6935-2 or the corresponding national deformed reinforcement stan
overs grades RB 300, RB 400 and RB 500 (with a characteristic upper yield stress of 300
500 MPa, respectively) and nominal diameters of 6 mm, 8 mm, 10 mm, 12 mm, 16 mm, 2(
m and 40 mm, although for the purpeses of this International Standard, the nominal diame
hforcement bars is limited to 25 mm.(see 7.3.3).

elded-wire fabric

kalis,
'm to

Id be
D144.
fional

rcing
dard.
MPa,
mm,
ter of

The maximum specified yield strength for the wire in welded-wire fabric should be 400 MPa. Welded-wire
fabric should conform to ISO 6935-3 or corresponding national standard for welded-wire fabric. Fgr the
purposes of this International-Standard, the nominal diameter of wire for welded-wire fabric is limited to 10 mm
(see 7.3.3).

7.3.2.5.3 Plain reinforcement

Plain reinfor¢gement should be permitted only for stlrrups t|es spirals and components of welded W|re fabric.
The maximum P bars

should conform to ISO 6935 1 or the correspondlng national standard for plain relnforcement ISO 6935 1
covers grades PB 240 and PB 300 (with a characteristic upper yield stress of 240 MPa and 300 MPa,
respectively) and nominal diameters of 6 mm, 8 mm, 10 mm, 12 mm, 16 mm and 20 mm, although for the
purposes of this International Standard, the nominal diameter of plain reinforcement bars is limited to 16 mm
(see 7.3.3).

7.3.2.6 Admixtures

Admixtures should conform to the applicable ISO standards, or corresponding national standard for
admixtures.
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Cement and aggregates should be stored in such manner as to prevent deterioration and intrusion of foreign

matter. Any material that has deteriorated or has been contaminated should not be used for concrete.

7.3.3 Minimum and maximum reinforcement bar diameter

Reinforcement employed in structures designed in accordance with this International Standard should not
have a nominal diameter, 4y, less than the minimum diameter, nor larger than the maximum diameter as

specified in Table 2.

Table 2 — Minimum and maximum nominal diameters for reinforcement bar

Application Minimum bar diameter Maximum bar diaméter
d, o,
mm mm
Deformed reinforcing bars (see 7.3.2.5.1) 6 25
Wire for welded-wire fabric (see 7.3.2.5.2) 4 10
Stirrups and ties 6 16
Plain reinforcing bars (see 7.3.2.5.3) 6 16

7.3.4] Concrete cover of reinforcement

7.3.4]1 Minimum concrete cover

The minimum concrete cover as specified in Figures 5 to 8 should be provided for reinforcement.

70

 J
A

Dimension in millimetres

Figure 5 — All types of reinforcement of elements cast and permanently exposed to earth — Minimum

© I1SO 2005 — All rights reserved
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Dimension in millimetres
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Figure 6 + All types of reinforcement of elements exposed to weather — Minimum conecrete coyer
50 mm

Dimension in millimetres
L0

|
A

40

Figure 7 —All types of reinforcement of girders; beams, or columns, when not exposed to weather or
in contact with ground.-— Minimum concrete cover 40 mm

Dimension in millimetres
30

-
\

A

® & & o & |

30

Figure 8 —All types of reinforcement of solid slabs, structural concrete walls or joists, when n
e _____ D-Weathe - - eanntan H | Pp - o ¥ HEH- m-_.eanarato o vy AW

7.3.4.2 Special fire protection
When the designated fire protection for a building is greater than 1 h, the concrete cover provisions of 7.3.4.1

should be increased by 12 mm per each additional hour of fire protection after the first hour. The structural
designer should consult the requirements of ISO/TR 3956.

7.3.4.3 Special corrosion protection
In very aggressive environments, special corrosion protection of the reinforcement, such as epoxy-coated

bars, air-entrained concrete and other means, should be employed. This type of protection is beyond the
scope of this International Standard.
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7.3.5 Minimum reinforcement bend diameter
The diameter of bends of the reinforcement, measured on the inside of the bar, should not be less than the

values specified in Figure 9.

&
[ d
7 <
=2
/ \\ = Fra)
1 /\ © / \\ A~
¢ Y ‘ { Y

ISO 15673:2005(E)

For dgformed reinforcing bars:

For p
For st

in reinforcing bars:

rrups and ties:

Figures 11 to 14.

bend diameter of 6d,,.
bend diameter of 6d,,.
bend diameter of 44,

Figure 9 — Minimum reinforcement bend diameter

7.3.6| Standard hook dimensions
The ferm “standard hook” as used in this International Standard means one of the configuratic

124,

Descijiption: a 90° bend plus-a)12d,, extension at the free end of the bar.

Figure 10 — 90° hook

29

ns shown in

Description: a 180° bend plus a 44, extension at the free end of the bar.
Figure 11 — 180° hook
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a)

Description a): a 90° bend plus 64, extension at free end of bar.

Description b){'a T35” bend plus 64, exiension at free end of bar.

Figure 12 — Stirrup and tie hooks

Description: a|135° bend plus a 64, extension at the free end of thesbar, but not less than 75 mm.

Figure 13 — Confinement stirrups and ties in seismic zones

Description: a|135° bend plus a 64, extension at the free end of the bar, but not less than 75 mm.

Dimension in millin

Dimension in millin

hetres

hetres

Figure 14 — Crossties in seismic zones

7.3.7 Bar separation and maximum aggregate size

The clear spacing between parallel bars in a layer and the maximum coarse aggregate size should be

interrelated as specified in 7.3.7.1.

36
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7.3.71 Maximum nominal coarse aggregate size
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Maximum nominal coarse aggregate size should be not larger than the following; see Figure 15:

a) 1/5 of the narrowest dimension between sides of the forms;

b) 1/3 of the depth of the slab;

c) 3/4 the minimum clear spacing between parallel reinforcing bars or wires.

el e = 3s/L
d¢ mh
- > 1
B saf/5 /
A
| SERNN :
Y
e8P
L | | | ] _"
1<
A S|
n >
= s
vi -
a) b) c)
Key
1 sfab
Figure 15 — Maximum nominal coarse aggregate size
7.3.712  Minimum clear spacing.between parallel bars in a layer
In solid slabs, girders, beams,and joists, the minimum clear spacing between parallel bars in a layer should be
the Igrgest nominal bar diameter, d,, but not less than 25 mm; see Figure 16. This provision shoyld apply also
to the separation betweenparallel stirrups or ties.
7.3.7}3  Minimum clear spacing between parallel layers of reinforcement
In ginfders, beams and joists where parallel reinforcement is placed in two or more layers, bars|in the upper

layer|should be placed directly above bars in the bottom layer, with a clear distance between laye

than P5-mm; see Figure 16.

rs of not less
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37


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

Dimensions in millimetres
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A
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N
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dy|
- 5 —1
s =25
s =225 d,
a) b)
Figure 16 — Minimum clear spacing between parallel bars in a layer (a) and clear distance between

parallel'layers of reinforcement (b)

38
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7.3.7.4 Minimum clear spacing between longitudinal bars in columns

In columns, the clear distance between longitudinal bars should not be less than 1,5d,, or 40 mm, see
Figure 17.

Dimension in millimetres

0

=

s 240
s 215 d,

Figure 17 — Clear distance between longitudinal bars in columns

7.3.7/5 Clear spacing’between parallel lap splices

The tlear-distance-fimitation between bars should apply also to the clear distance between & contact lap
spliceé and adjacent.splices or bars.
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7.3.7.6  Maximum flexural reinforcement spacing in solid slabs

In solid slabs, primary flexural reinforcement should be spaced no farther apart than two times the slab
thickness, nor more than 300 mm; see Figure 18.

Dimension in millimetres

s =2h
s =300

Figure 18 — Spacing between flexural reinforcement in solid slabs

7.3.7.7 Maximum shrinkage and temperature reinforcement spacing in solid slabs

Shrinkage and temperature reinforcement in slabs.should be spaced no farther apart than three times thg slab
thickness, ngr more than 300 mm; see Figure.19:

Dimension in millimetres

s =3h
s =300

Figure 19 — Spacing between shrinkage and temperature reinforcement in slabs
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7.3.7.8  Maximum reinforcement spacing in structural concrete walls

7.3.7.8.1 Vertical and horizontal reinforcement

In structural concrete walls, vertical and horizontal reinforcement should be spaced no farther apart than three
times the structural concrete wall thickness, nor more than 300 mm; see Figure 20.

7.3.7.8.2 Number of layers of reinforcement

Structural concrete walls more than 250 mm thick should have vertical and horizontal reinforcement placed in
two layers parallel with faces of wall. Each layer should have approximately half of the reinforcement in that
direclion. The layers should be placed not less than 30 mm nor more than one-third of the thigckness of the
wall from the surface of the wall. For exterior exposure, the exterior surface layer should be)placed no less
than p0 mm, instead of the 30 mm specified.

Dimension in millimetres

%\\\

s =3h
s =300

Figure 20 — Spacing between reinforcement in structural concrete walls

7.3.719) Special details per element type

The designer should comply with the additional reinforcement details required for each individual element type,
as specified in 7.3 to 7.10 of this International Standard.
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7.3.8 Development length, lap splicing and anchorage of reinforcement
7.3.8.1 Development length

7.3.8.1.1 Reinforcing bars
The minimum length, /y, of embedment required on each side of a critical section for a reinforcing bar to develop
its full strength should be 504, for the bar diameters permitted by this International Standard in 7.3.3. It should

be permitted to replace development length on one side of the critical section by a length of bar ending in a
standard hook in accordance with the minimum anchorage distance as specified in 7.3.8.3; see Figure 21.

1

/ $

ly = 50d, N ly = 50d,

y

A
A
A
A

A

dy

l4 = 50d,

A
A

Key

1 critical se¢tion
2 anchoragg¢ distance; see 7.3.8.3

Figure 21 — Required development length for reinforcing bars

Whenever plJain bars may be used instead of deformed bars, the development length specified i this
subclause shall be multiplied by 1,8.

7.3.8.1.2 Welded-wire fabric

The developent length, /3, of welded-wire fabric, measured on each side of the critical section to the gnd of
wire, should [contain twoieross-wires but should not be less than 200 mm for the wire diameters permitted by
this Internatigpnal Standard in 7.3.3; see Figure 22.

A
Y
A
Y

Key
1 critical section

8 ]4=2 cross-wires and/or > 200 mm.

Figure 22 — Required development length for welded-wire fabric
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7.3.8.2 Lap splice dimensions

7.3.8.21 Reinforcing bars

The minimum length of a lap for the splicing of reinforcing bars should be 504, for the bar diameters permitted
by this International Standard in 7.3.3; see Figure 23.

dy

504,

A
A

Figure 23 — Minimum lap splice length for reinforcing bars

7.3.8|2.2 Welded-wire fabric

Welded-wire fabric splicing should be attained by superimposing two’ cross-wires; the distance |between the
edge| cross-wires should not be less than 250 mm for the wire,"diameters permitted by this |International
Standglard in 7.3.3; see Figure 24.

- @ ® ® ® ® ® ® ® [
] e e e e e e e

Key

a  2|cross-wires > 250 mm.

Figure 24 —~Minimum lap splice length for welded-wire fabric
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7.3.8.3

Minimum standard hook-anchorage distance

The minimum distance between the outer face of concrete and the critical section where the hooked bar

develops its full strength should not be less than 204,,; see Figure 25.

1

N

204,

N

dy

A

_\r

_\I

Key

1 critical se

2 cover reqlirement

tion

T

204,

KN

@

20dg

b)

Figure 25 — Minimum standard-hook-anchorage distance

7.3.9 Limits for longitudinal reinforcement

7.3.9.1

General

Longitudinal
axial compr

reinforcement in reinforced concrete structural elements should be provided to resist axial tehsion,

ssion, flexural indueed tension and compression, and/or stresses induced by variati

bn  of

temperature [and drying shrinkage from the concrete. The amount of longitudinal reinforcement employed in
the structural elements cayered by this International Standard should be that required to resist the fadtored

loads and fofces, but should be not less than the minimum values specified in 7.3.9. The dimensions
structural elgment should be appropriately modified when the amount of calculated reinforcement requi

resist the factored{eads and forces exceed the maximum amounts permitted by 7.3.9.

7392 S

7.3.9.2.1

o

Minimum area of shrinkage and temperature reinforcement

Reinforcement for shrinkage and temperature stresses normal to flexural reinforcement should be provided in
structural solid slabs and footings where flexural reinforcement extends in only one direction; see Figure 26.
The maximum spacing for this reinforcement should be in accordance with 7.3.7.7. The following minimum
ratios, o, of reinforcement area to gross concrete area should be provided for shrinkage and temperature:

a) where deformed bars with fy < 350 MPa are used:

b) where deformed bars or welded-wire fabric withfy > 350 MPa are used:

44

> 0,002 0;

p > 0,001 8.
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7.3.9.2.2 Minimum area of tension flexural reinforcement

The minimum area, 4 iy, of tension flexural reinforcement in structural solid slabs and footings should be
equal to or greater than the reinforcement area required for shrinkage and temperature stresses as specified
by 7.3.9.2.1: (Ag min = pt - b - h); see Figure 26. The maximum spacing of this reinforcement should be in
accordance with 7.3.7.6.

A
 J

L A
!

4
|
3
\!

dc

As

Figure 26 — Slab or footing section

7.3.9]12.3 Maximum area of tension flexural reinforcement
The maximum reinforcement ratio, p = A./(b - d), permitted for tension flexural reinforcement in sqlid slabs and

footirgs should not exceed the value of p,,,. specified in-Fable 3. In solid slabs and foot|ngs, flexural
reinfgrcement in compression should not be taken into account’in the computation of design moment strength.

Table 3 — Maximum flexural reinforcement ratio, p,,,,, for solid slabs and footings

’ f‘y
Je MPa
MPa
240 300 400
15 0,016 0 0,0120 0,008 0
20 0,022 0 0,016 0 0,011 0
25 0,027 0 0,020 0 0,014 0
30 0,0320 0,024 0 0,016 0
lt’should be permitted to interpolate for different values offy and f¢.

7.3.913 |, Girders, beams and joists

7.3.9:34—Minimum-area-of tensionflexural reinforcement

At every section of a girder, beam or joist where tension flexural reinforcement is required by 7.7, the
minimum area, Ag i, Of tension flexural reinforcement should be greater or equal to the values calculated in
Equations (13) to (15):

a) for rectangular sections and for T-sections where the flange is in compression; see Figure 27:

Ag min = Pmin - d - by (13)

where p.in. is the value specified in Table 3.
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b - by _
A [ A A
he) =l
<~ <
|
 J
 J i i
A7 S a7 s
| buzb b |
a) b)

Figune 27 — Rectangular section (a) and T-shaped section (b) with flange.in compression

b) for T-seftions where the flange is in tension (see Figure 28), it should be equal to or greater than the
smaller ¢f the values calculated in accordance with Equations (14) and (15):

Ag min = P - Pmin - d - by, (14)

Ag min = Pmin - d - bs (15)

&)
Y

dc

bw

A
 J

Figure 28 — T-shaped section with flange in tension
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Table 4 — Minimum flexural reinforcement ratio, o, for girders, beams and joists

& Jy
MPa
MPa
240 300 400
15 0,004 0 0,003 2 0,002 4
20 0,004 7 0,0037 0,002 8
25 0,005 2 0,004 2 0,003 1
30 0,0057 0,004 6 0,0034

It should be permitted to interpolate for different values offy and f¢ or
use the following equation:
Pmin = 0,25 & =

Ty

1,4
y

3.2 Maximum flexural reinforcement ratios

The ratio, p, of tension flexural reinforcement should not exceed the-values expressed as a functi

spec

a) i

b) i

©1S0

fied in Table 5 and calculated in accordance with Equations{16) and (17):

n girders, beams and joists having only tension flexural reinforcement:

< Pmax

-d
n girders, beams and joists having tension.and compression flexural reinforcement; see Figu

As — s
b-d

!

p—p = < Pmax

A
 J

de

DN Of pax @S

(16)

re 29:

(17)

Figure 29 — Section with tension and compression reinforcement
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Table 5 — Maximum flexural reinforcement ratio, p,,,,, for girders, beams and joists

Je Mfﬁga

MPa 240 300 400
15 0,0240 0,0180 0,0120
20 0,0320 0,0240 0,0160
25 0,0400 0,0300 0,0200
30 0,0480 0,0360 0,0240

It should be permitted to interpolate for different values of fy and f¢ or
use the following equation:

L 600
5055 c. 999
Pmax 7, 600+ /,

7.3.9.4 Columns

7.3.9.41 Minimum and maximum area of longitudinal reinforcement

The total arga, A, of longitudinal reinforcement for columns should not bg less than 0,01 nor more| than
0,06 times the gross area, 4, of the section, in accordance with Equation (18):

0,01< gy :(ﬁlgo,oe (18)

Ag
7.3.9.4.2 Minimum diameter of longitudinal bars

Longitudinal pars in columns should have a nominal diameter, 4, of 16 mm or more.

7.3.9.4.3 Minimum number of longitudinal.bars

There should be at least one longitudinal-bar in each corner of the section for a minimum 4 bars in squarg and
rectangular dolumns with ties, and a minjmum of 6 longitudinal bars in round columns with spirals.

7.3.9.4.4 Distribution of longitudinal bars

The longitudinal bars in the,eolumn should be distributed along the perimeter of the section in such a manner
that the cleal spacing between bars along all faces of the column is approximately equal.

7.3.9.5 Structural concrete walls

7.3.9.5.1 Minimum area of vertical reinforcement

The minimum ratio, p,, of vertical reinforcement area to gross concrete horizontal section area should be
0,002 5.

7.3.9.5.2 Maximum area of vertical reinforcement

The maximum ratio, p,, of vertical reinforcement area to gross structural concrete wall horizontal section area
should be 0,06, but when the ratio, p,, exceeds 0,01, the vertical reinforcement should be enclosed with ties
as specified for columns in 7.3.10.4.1 and in accordance with Equation (19):

0,0025 < p,, =(b Astl ]< 0,06 (19)

wtw
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7.3.10 Minimum amounts of transverse reinforcement

7.3.10.1 General

Transverse reinforcement in reinforced-concrete structural elements should be provided to resist shear,
diagonal tension and torsion stresses. It should be provided also to counteract the tendency of compression-
loaded bars to buckle out of the concrete by bursting the thin outer concrete cover and to prevent
displacement of the longitudinal reinforcement during construction operations. In seismic zones, it should be
placed in special regions of the structural elements to provide confinement of concrete subjected to stresses
in the non-linear range. The amount of transverse reinforcement employed in the structural elements covered
by this International Standard should be that required to resist the factored loads, forces and stresses, but
shou[@be not 1ess than the minimum values speciiied by 7.3.10. The dimensions of the strucjural element
should be appropriately modified when the calculated amount of reinforcement required to resis{ the factored
loadq, forces and stresses exceeds the maximum amounts permitted by 7.3.10.

7.3.1p.2 Slabs
The ¢lesign procedures for slabs prescribed by this International Standard do-not'require the employment of

transyerse reinforcement in slabs. The procedures for design of transverse or shear reinforcemertt in slabs are
beyond the scope of this International Standard.

7.3.1p.3 Girders, beams and joists

7.3.10.3.1 Minimum transverse reinforcement

The minimum transverse reinforcement in girders, beams’and joist should be that required for shear, as
specified in 7.3.13.4.3 and 7.3.13.4.4, with the exceptions-hoted in 7.3.10.3.2.

7.3.1D.3.2 Girders and beams in seismic zones

Girdgrs and beams framing into columns and structural concrete walls located in seismic zong¢s should be
provifled with confining transverse reinfercement as specified in 7.8.

7.3.1p.4 Columns

All golumns should have transverse reinforcement in the form of either tie reinforcemgnt or spiral
reinfgrcement in accordance with 7.3.10.4.1 or 7.3.10.4.2, respectively.

7.3.1p.41 Ties
Trangverse reinforcement in columns in the form of ties should comply with the following provisions.

a) Al longitudinal columns bars should be enclosed by lateral ties made with bars at least 8 mm in diameter
(idb >'8 mm).

b) Ties should be arranged in such a manner that every corner and alternate longitudinal bar should have
lateral support provided by the corner of a tie or a crosstie; see Figure 30.

¢) No longitudinal bar should be farther than 150 mm clear on each side along the tie from a laterally
supported longitudinal bar; see Figure 30.

d) The vertical spacing, s, of ties should not exceed 16 longitudinal bar diameters, 48 tie-bar diameters, or
the smallest dimension of the column section; see Figure 31.

e) The first tie should be located a distance of one-half the spacing from the top of the slab, beam or footing

where the column is supported, and the uppermost one should be located no more than one-half the tie
spacing below the lowest horizontal reinforcement of shallowest member supported above.
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Dimensions in millimetres
X X

X > -t X X - -t X

-
L

A

 J
A
 J
A
 J
A

A
A

i e ele olyve o i

x <150 x >150
a) b)

Figure 30 — Arrangement of ties in a tied column section

N
A

>
Y

Key

1 longitudinal bars
2 tie

8 Restrictions: s does not exceed 16 4, longitudinal bar, 48 d, tie bar, or b.

Figure 31 — Vertical spacing of ties in a tied column
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7.3.10.4.2 Spirals

Columns with spiral reinforcement should be in accordance with the following provisions.

a)

b)

c)
d)

e)

f)

All longitudinal column bars should be enclosed by a spiral consisting of an evenly spaced continuous bar

at least 8 mm in diameter (d,, > 8 mm).

Clear spacing between spirals should not exceed 80 mm nor be less than 25 mm, and
accordance with 7.3.7.

should be in

Anchorage of the spiral reinforcement should be provided by 1%z extra turns at each end of the spiral unit.

plices in spiral reinforcement should be in accordance with 7.3.8.

pirals should extend from top of footing or slab to level of lowest horizontal reinforcement

ember supported above. In columns with capitals, the spiral should extend”to~a level
diameter or width of capital is two times that of the column.
The ratio, pg, of spiral reinforcement is defined as the ratio of the volume of reinforcement
one loop of the spiral to the volume of concrete in the core of the column confined by the
$piral and should be not less than either of the values calculated in~accordance with Equat
21); see Figure 32:

:Ab'—”'dc>o12.f_é

Os
Ag s ys

vhere

4y, is the area of the bar of spiral;
4. is the centre-to-centre diameter ofithe spiral;

is the vertical spacing of the spiral;

c is the area of the confined column core measured centre-to-centre of the spiral (4, =1

/. is the specified concrete strength of the column;

Hs is theyield strength of the steel of the spiral.

bf shallowest
at which the

contained in
same loop of
ons (20) and

ST A !
OS:M>0,45.[_9_1)A
Ag - s c fys

where 4 is the gross column section area and the other terms are the same as for Equation
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7.3.10.4.3 (

At joints of f
7.3.10.4.2 a)
should be 15

provided; se¢ Figure 33.

7.3.10.5 Stfructural concrete walls

The minimun
be 0,002 5.

2005(E)
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Figure 32 — Spiral reinforcement of column

Column-girder joints

rames where columns and girders-meet, a minimum of three column ties, in accordancg with
to 7.3.10.4.2 c), should be provided within the joint and the maximum vertical spacing between ties
0 mm. As many ties as necessary to be in accordance with the maximum spacing should be

N ratio, oy, of the horizontal reinforcement area to the gross concrete vertical section area spould

52
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Dimension in millimetres

Key

blumn longitudinal reinforcement
blumn ties

¢

c

glrder stirrups
glrder longitudinal reinforcement
jqint

jdint ties

150

o O WN -~

©

Figure 33 — Column ties in column-girder joints

7.3.10_Strength of members subjected to flexural moments

7.3.11.1 General
Calculation of the design strength of member sections subjected to flexural moments should be performed in

accordance with 7.3.11. If the factored axial compressive load, P, on the member exceeds (0,10 - /7, - Ag), the
calculation of the design strength should be performed in accordance with 7.3.12.

7.3.11.2 Factored flexural moment at section

The factored flexural moment, M|, for a section caused by the factored loads applied to the structure should
be determined for the particular element type in accordance with 7.5 to 7.10.
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7.3.11.3 Minimum design flexural moment strength

The design flexural moment strength, (¢ - M,,), of the section should be equal to or greater than the factored
flexural moment, M,,, at that section in accordance with Equation (22):

¢-M, =M, (22)
7.3.11.4 Design moment strength for rectangular sections with only tension reinforcement

7.3.11.4.1 Design moment strength

For a section] with only tension reinforcement, the design moment strength at the section should be caleylated
in accordance with Equation (23):

¢~Mn:¢-As~fy[d—§j (23)

where the depth, a, of the equivalent uniform stress block should be calculated in accordance| with
Equation (24)); see Figure 34:

A;'fy

a= (24)
0,84 fL-b
085-Ffs-b-a
0,855\ ~
- < ~
g [ n
Y
i A M,
—-< n ‘—\
I W
085-Ff<-b-a
A< f, & ~
~ A
~
n
! )
he]
a) b)

Figure 34 — Flexural nominal moment strength

It should be |permitted to use Equation (25), analogous to Equation (23) but where the value of a has|been

replaced by the expression given im Equation (247

As’fy

For the purposes of this International Standard, it should be permitted to approximate the design moment

strength in slabs, and also in girders, beams and joists where p<%, with pax from Table 5 in
accordance with Equation (26):

¢ Mp~¢ As-fy-085-d (26)
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7.3.11.4.2 Obtaining the flexural tension reinforcement area

The required ratio, p = As , of flexural reinforcement should be derived by combining Equation (22) with

(b-d)
Equation (23), and using the factored flexural moment, A, in accordance with Equation (27):
b-d $-b-d Sy
wherg
o Je (28)

T118- 7,

or byl using the approximate Equation (26), in slabs where p < g,y With o, from Table 3, and in girders,

beanjs and joists where p < Pmax.

, With p,,, from Table 5, in accordance with Equation (29):
AS Mu

o = ~ 2 (29)
b-d ¢.b-d o0,85~fy

In Equations (27) and (29), ¢=[0,90]; see 6.3.3 a). If the value derived from Equation (27) or (39) is smaller
than jp,i, from 7.3.9.3.1, p should be increased to that valug. If the value of p derived for slabs is gregter than o,
from [Table 3, the slab depth, 4, should be increased;.correcting the selfweight of the slab. If the value of p
derived for girders, beams and joists is greater.than p, ., from Table 5, the possibility of|either using
compression reinforcement (see 7.3.11.5) or chahging the dimensions and making the approprigte correction
for the selfweight should be investigated.

7.3.111.5 Use of compression reinforcement in girders, beams, and joists

7.3.111.5.1 Tension reinforcement'less than maximum

If the ratio, p, of tension reinforcement is less than p,,, as specified in 7.3.9.3.2, it should be| permitted to
disregard the effect of thereinforcement in the compression face of the element.

7.3.111.5.2 Shallow.doubly reinforced sections

’

If thg ratio of %is greater than the values specified in Table 6, the compression reinforcement should be

considered not to be effective.

Table 6 — Maximum values of % for compression reinforcement to be effective

sy d
MPa d
240 0,320
300 0,250
400 0,150
It should be permitted to interpolate for different values offy
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7.3.11.5.3 Design moment strength of sections with compression reinforcement

!

When the condition of %is met, the design moment strength at the section should be in accordance with

Equation (30); see Figure 35:
¢'Mn:¢{(As_A:S)'fy[d_%j“'/!’s'fy'(d_d') (30)

where the depth, a, of the equivalent uniform stress block should be in accordance with Equation (31):

Agl-A4%)-
U] ) sy o
0,85- f¢ - b
AIS'fy —0,85-f15'b-a
0,85 - F's 7N
> - N
o
\V / y i i M
~) LR R N
y ©
-b-a
AsF, & ~
~ A
S~
ru
! ©
w
a) b)

Figure 35 — Flexural nominalkmoment strength for doubly reinforced sections

7.3.11.5.4 OQbtaining the flexural tension and compression reinforcement area

The required|area, A4, of flextural tension reinforcement and area, 4'g, of compression reinforcement shoyld be

calculated by combining Equation (22) with Equation (30), and using the factored flexural moment, A/, in
order to deriye Equations (32) and (33):
, M
Ay =GN (b d®  prax - fy 08 (32)
¢y A7
Ag = Ag + Pmax - b-d (33)

In Equations (32) and (33), ¢=[0,90]; see 6.3.3 a). The steel ratio, py,5 Should be derived from Table 5. This

procedure should be used only when the condition of % is in accordance with 7.3.11.5.2. Compression

reinforcement should be enclosed by ties as specified by 7.3.10.3.2.
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7.3.11.6 T-beam effect
In beams that are cast monolithically with a slab, and when subjected to flexural moments that induce

compression stresses in the slab, a portion of the slab should be permitted to act as a flange for the beam and
the flexural design should be in accordance with the requirements of 7.3.11.6.1 to 7.3.11.6.5.

7.3.11.6.1 Effective flange width for beams with a slab on both sides

The width, b, of a slab functioning as a T-beam flange should not exceed the following dimensions; see
Figure 36:

a) ¢ne-quarter of the span length of the beam;

b) 16 times the slab thickness, /;, plus the web thickness, b,;

c) ¢lear distance between webs plus the web thickness, b,,.

& b°

(. 7207 ’

A
Y

b S

A
A J
A
 J

Key

8 Restrictions: b is the lesser of 1/4 the span length; 164+ b,; or s + b,,,.

Figure 36 — Effective.flange width for T-beams with a slab on both sides

7.3.111.6.2 Effective flange'width for beams with a slab on only one side

The width, b, of slab)functioning as a T-beam flange should not exceed the following dimgnsions; see
Figure 37):

a) o¢ne-twelfth“of the span length of the beam plus the web thickness, b,,;

b) sixtimes the slab thickness, A;, plus the web thickness, b,;

c) one-half the clear distance to the next web plus the web thickness, b,,.
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8  The value

of b does not exceed 1/12 the span length + b,; 6/ + b, Or s/2 + b,

Figure 37 — Effective flange width for T-beams with a slab on only one'side

7.3.11.6.3 Isolated T-beams

The flange t
effective flan

Key

8  The value

nickness, A, in isolated T-beams should be at least one-half\of the web thickness, b,,, an
e width, b, should not exceed 4b,, or by, see Figure 38.
- b -
ba
Y
<
A
® o
-l bw -

of b does not €xceed 4b,, or by.

Figure 38 — Effective flange width for isolated T-beams

d the

7.3.11.6.4 Design moment strength of T-beams

When the flange is in compression, the moment strength should be calculated as for a rectangular beam in
accordance with 7.3.11.4.1, as long as the depth, a, of the equivalent uniform stress block lies within the
flange thickness, #;; see Figure 29. The last condition should be verified using Equation (34).

hfZ(l

where a =

58

As'fy

0,85-fL-b"

(34)
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Figure 39 — Effective cross section for moment strength calculation of T-beam

'

7.3.111.6.5 Obtaining the flexural tension reinforcement area

AS
(b-d)
Equation (27) or (29), and the flexural reinforcement ratio, p, should not exceed the value falculated in
accordance with Equation (35) in order for the depth, «q, of the equivalent-uniform stress block to|lie within the
flange thickness, /.

The fequired ratio, p < , of flexural reinforcement for T-beams should be\calculated in acqordance with

5 085 fo iy (35)

fy'd

If thg value derived from Equation (27) or (29) is smaller than p,,;, derived in accordance with 7.3.9.3.1, p
should be increased to that value. If the derived value of p is greater than g,,, from Table 5, the dimensions
should be changed, making the appropriate correction for the selfweight.

7.3.1R Strength of members subjected.to-axial loads with or without flexure

7.3.12.1 General

Calcdlation of the design strength of member sections of columns and structural concrete walls| subjected to
axial [loads or axial loads @ccompanied by flexural moments should be performed in accordgnce with the
requifements of 8.3.12.

7.3.1R.2 Combined“factored axial load and factored flexural moment

The factoredaxial load, P, and the factored flexural moment, M/, which accompanies it and afe caused by
the fgctored,loads applied to the structure, should be determined for the particular element type in accordance
with fheprovisions of 7.5 to 7.10.

7.3.12.3 Design strength for axial compression

7.3.12.3.1 Design strength for axial compression without flexure

Equation (36) should be used to determine the design axial strength, ¢- Pg,,, for axial compression without
flexure:

¢ Pon=6-0.85 /¢ -(Ag = Agt)+ Ast - fy | (36)

In Equation (36), ¢=[0,70] for columns with ties and structural concrete walls and ¢ =[0,75] for columns with
spiral reinforcement; see 6.3.3 c).
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7.3.12.3.2 Maximum design axial load strength

The design strength, ¢- P, for axial load in columns and structural concrete walls subjected to compression,
with or without flexure, should not be taken greater than that calculated in accordance with Equations (37) and
(38):

a) columns with ties and structural concrete walls:
¢ Pn(max) <080 ¢- POn (37)

where ¢=[0,70];

b) columng with spiral reinforcement:
¢-1 n(max) <085 ¢- POn (38)

where ¢|=[0,75].

7.3124 Bllanced strength for axial compression with flexure

7.3.12.4.1 $quare and rectangular tied columns and structural concrete walls

The values for axial force, ¢- P,,,, and moment, ¢- M,,,, at the balanced design strength point should be
determined ip accordance with Equations (39) and (40), respectively. However, these equations only apply to
rectangular golumns with symmetrical reinforcement.

¢ Pon3¢-042-f.-h-b (39)
¢‘Mbn:¢'an‘0732‘h+¢'(0=6'145e+0115'Ass)'fy'[g—d'j (40)

For Equation (40), the total longitudinal reinforcerment area, 4, should be divided into extreme steel, 44, and

side steel, 44, in such a manner that 4., +ds'= 4g; see Figure 40. In Equations (39) and (40), ¢=[0,70]; see
6.3.3¢c).
(Jlj ¢'Mbn
- K - b
Y
A A s
7N 7 N TN oM Ve N ©
{IHO O ©) OH.} b (® & & & & & & i
I I i Il I 4{\ - \
a | @I I L @1 — |- Ly O
e | I > + g
7 N\
®/l0 O Q0 O OJie) (@ e @ 00 0 o
Y ™ i A1 Y 4 i “A
4 2 / j
o o A A

Figure 40 — Dimensions for calculation of balanced moment design strength
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7.3.12.4.2 Circular-section columns with spiral reinforcement

The values for axial force, ¢- P,,, and moment, ¢- M, at the balanced design strength point should be
calculated in accordance with Equations (41) and (42), respectively:

¢ Pon=¢-05fcAc

b
¢oMbn:¢~an.0,2~h+¢oo,6~Ast~fy.[5—d]

ion VA

For Eguatic —k-shoy
¢=1[0,75]; see 6.3.3 c).
7.3.1R.5 Design strength for axial tension without flexure

The

design strength, ¢- Py, for axial tension without flexure should be determined in acc

Equation (43):

In Eq

7.31

The ¢
shou
axial

Com
interg

Iﬁ'Ptn:¢'Ast'fy

uation (43), ¢=[0,90]; see 6.3.3 b).

.6 Minimum design combined axial load and moment strength

esign moment strength, ¢ - M,,, at the section of the element at the level of applied factored
d be equal to or greater than the greater factored,flexural moment, A/, that can accompany
load, P, in accordance with Equation (44):

p- M, > M,

bliance with Equation (44) should beestablished by proving that the coordinates of (1, P,)
ction design-strength surface of a'moment vs. axial load interaction diagram relating ¢ - M,,

indicated by the hatched area in Figure'41.

(41)

prdance with

(43)

Axial load, P,
the factored

(44)

re inside the
nd ¢- P, as
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®-Pn
Y 1
.«
OPoy — 2
Ny
N
¢'Pn (max) \ 3
L
Py, s
|
|
| |
| i > oM,
@-M g
O Py —
6
Key
X moment
Y axial load
1 design strength for axial compression
2 maximumlallowable axial compression-load
3 interactior) design strength point
4 balance dpsign strength point
5 design mgment strength at factored axial load level, P,
6 design strength for axial fénsion
7 required factored axial load and moment
Figure 41 — Interaction diagram for (¢- M,,, ¢- P,))
The conditions apcbiﬂcd iy Equat;uno (45) to (48) shottdbe-metforatt qu}J:UO of PU atrc lll/llu that-act-on the
column section:
Py<g- Pn(max) (45)
Pyz—(¢- Pyy) (46)
For values of P, > ¢ - Py
(¢ ' POn) - Pu
My<¢-M,= '(¢'Mbn) (47)

(¢'P0n)_(¢‘an)
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For values of P, > ¢ - Py

7.31

Py +(¢- Py)
My<¢ My=— (¢-M
! " (¢'an)+(¢'Ptn)( bn)
2.7 Use of interaction diagrams

(48)

It should be permitted to use interaction diagrams for columns from authoritative sources, if the employment of
the strength reduction factors, ¢, as set forth in this International Standard is warranted.

7.31

Corn

acco

wher

with

deriv

7.31

7.31

Calc

.8 Biaxial moment strength

er columns and other columns subjected to moments about each axis simultanéously
dance with Equation (49):

x4 (Mu)y
n )x (¢ ' Mn )y
e (M), and (Mu)y correspond to the factored moments that actzabeut the x and y axes, si

he factored axial load P, - (¢- M,)), and (¢ - Mn)y correspond tathe values of the design mor
pd from Equation (47) or (48) for the factored axial load valué, P, and for the appropriate dir|

My)
M

( <1,0
¢

1

B Strength of members subjected to shear stresses

B.1 General

dlation of the design strength of member sections subjected to diagonal tension or shear str

be performed in accordance with the requirements of 7.3.13. Two types of shear stress effects ar

this International Standard:

a) ieam-action shear that accompanies flexural moments and occurs in girders, beams, joist

nd structural concrete walls in.the vicinity of supports and concentrated loads;

b) punching-shear or two-way’ action shear that occurs in solid slabs and footings, also in t
sgupports and concentrated loads.

Othef types of diagenal tension effects, such as special effects in deep flexural members,

emplpyed in the design of brackets and corbels, and strut-and-tie models, are beyond the {

Interpational Standard.

7.3.1B.2 , Factored shear

7.31

The

should be in

(49)

multaneously
nent strength
ection x or y.

bsses should
e covered by

5, solid slabs

he vicinity of

shear-friction
cope of this

3.3 Design shear strength

design shear strength, ¢- V,,

shear, V,, in accordance with Equation (50):

B Vy=V,

In Equation (50), ¢ =[0,85]; see 6.3.3 d).

© I1SO 2005 — All rights reserved
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at the section of the element should be equal to or greater than the factored

(50)
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7.3.13.4 Beam-action shear

7.3.13.4.1 General

Members for beam-action shear should be designed in accordance with 7.3.13.4. The general considerations

are specified

a)

in 7.3.13.4.1 a) and 7.3.13.4.1 b).

with Equation (51):

¢-Va=6¢-(Vo+7s)

Where shear reinforcement is used, the design shear strength, ¢ - 7,,, should be computed in accordance

(51)

In Equa
contribu
¢=10,85
b) Where s
of the m
support
sections]

7.3.13.4.2 (
At each critig

be taken int
6.3.3 d).

¢V

In Equation (|

9q

y

7.3.13.4.3

In girders, b
reinforcemer

$-Vs =
where
A, isth

\Y

b

ion (51), ¢- ¥ is the contribution of the concrete to the design shear strength and ¢ 1%
]; see 6.3.3 d).

upport reaction in the direction of the applied shear introduces compression intoythe end re

for girders, beams, joists, columns, slabs and footings, it should be permitted to desig
in-between for the same factored shear, V|,, as computed at 4.

Contribution of concrete to beam-action design shear strength

al location to be investigated, only the contribution of the conerete of the web of the beam s

Jre

6

J.bw.d

62) for solid slabs and footings, b,, should be taken as the width of the section, b; see Figure

Shear reinforcement

eams, and joists, the centribution to the design shear strength at the section of the
t perpendicular to the axis-of the element should be computed using Equation (53):

J

e area of shear reinforcement perpendicular to the axis of the element within a distance, s;

Av'fys'd

N

b account, see Figure 42, and it should be computed.using Equation (52) with ¢=[0,85]

2|

s the

ion of the shear reinforcement, where employed, to the design shear strength. In Equation (51)

gions

ember and no concentrated load occurs between the face of support and ardistance, d, from the

n the

hould
see

(52)

43.

Ehear

(83)

Jys is the yield strength of the steel of the shear reinforcement.

In Equation (53) ¢ =[0,85]; see 6.3.3 d).

The contribution of the shear reinforcement to the design shear strength should not be taken greater than that
specified in Equation (54):

P-Vs <

¢[§ fi 'bw'dj:4'¢'Vc

Shear reinforcement for solid slabs and footings is beyond the scope of this International Standard.

64

(54)
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-V

d ><
\3—’ N
>\.\
\
<
de

a) b)

Figure 42 — Contribution of concrete to beam-action shear strength in girders, beams gnd joists

dc

a) b)

Figure 43 — Contribution of concrete to beam-action shear strength in solid slabs

© 1SO 2005 — All rights reserved 65


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

7.3.13.4.4 Design of shear reinforcement

Shear reinforcement in girders, beams and joists should be provided using stirrups perpendicular to the axis of
the member with a maximum spacing, s, measured along the axis of the element as follows.

a) Where the factored shear, V,, is less than one-half ¢ - V, it should be permitted to waive the use of shear
reinforcement.

b) Where the factored shear, V,,, exceeds one-half ¢ - V,, and is less than ¢ - V;, a minimum amount of shear

reinforcement should be employed as specified by Equation (55). The maximum spacing, s, along the
axis of the element should not exceed d/2 or 600 mm; see Figure 44.

1 by s _ by s
4., = —] /f’W_ZW_ (55)
Y 16 ¢ fys 3'fy‘s

where 4|, corresponds to the product of the area, 4,,, of the bar of the stirrup multiplied /by the number of
vertical legs of the stirrup.

c) Where the factored shear, V|, exceeds ¢ - V, the difference (V, — ¢ - V;) should-be provided for by shear
reinforcgment, using Equations (51), (52) and (53), and the following limitations should be observed; see
Table 7.

1) The amount of shear reinforcement should not be less than thatdetermined using Equation (55)

2) If the value of ¢- Vg calculated using Equation (53) is less’than (2- ¢- 1), the spacing limfits of
7.3[13.4.4 b) should be employed.

3) If the value of ¢- Vg calculated using Equation (53)‘is greater than (2- ¢- V), the spacing [limits
shopld be half of the values of 7.3.13.4.4 b).

4) Thevalue of ¢ - ¥ calculated using Equation (53) should not be greater than (4 - ¢- V).

Ava Aba

\ A
Ai j — —

Key
a8 4, is equal to the number of legs multiplied by 4,

b s < minimum is given in 7.3.13.4.4 b)

Figure 44 — Minimum shear reinforcement in girders, beams, and joists when (¢ x V /2 < V|, < ¢ x V)
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Table 7 — Shear reinforcement in girders, beams, and joists, maximum spacing

Factored shear Limiting value of (¢- V) | Required minimum area, 4,, Maximum spacing
p of shear reinforcement within
u a distance s §
(¢ '2V°) >Vy — not required —
(¢-Vg) 1 — by s _ by-s dl2
V) >V, =& — Ay =— S >—— < lesser of
(¢ C)> u 2 Y 16 ¢ fys 3'fys y 600 mm
a2
) (Vu—¢-Ve)-s
PxVe>¢-Vy AV:M—d s < lesser of £600|mm
ys 3- 4y fys!bw
Vaz(9-7Ve) dlf
(Vu-¢xVe)-s
4-9-Ve>g-Vez2-¢-V, AV:M—d s <lesser of {300 mm
ys 3-HUy - fys!by
o Vez=4-¢-V, not permitted —
7.3.1B.5 Two-way action shear (punching shear) in solid slabs and footings
7.3.1B.5.1 General
The $hear strength for two-way action shear, or punching-shear, should be investigated at edge$ of columns,
concentrated loads and supports, and at changes-of thickness such as edges of capitals and drop panels.

7.31

The
minin

7.31

The dlesign shear strength should be the smallest of the values calculated from Equations (56), (

with

BV, =gV, :¢.[1+ﬂ£j,[\/ﬁ]_bo.d

B.5.2 Critical section definition ford¢wo-way action shear

Critical sections to be investigated should be located at a distance d/2 so that its perim
hum.

B.5.3 Two-way action.shear design strength

p = [0,85]; see 6.3)3 d):

6

C

pter, by, is a

57) and (58),

(56)

V

nere S, 1S the ratio or long side 10 Snort side or the column, concentrated 10ad or reaction a

sty o250 [ -

bo 12

where o is 40 for interior columns, 30 for edge columns and 20 for corner columns.

¢-Vi=¢-V :¢.[\/ﬁ}bo.d
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7.3.13.6 Shear in structural concrete walls

7.3.13.6.1 General

The provisions in 7.3.13.6 should be applied to the design of structural concrete walls for shear. The following
general provisions should be employed.

The design for shear forces perpendicular to the face of the structural concrete wall should be in

accordance with the provisions in 7.3.13.4 for solid slabs. The design for shear forces in the plane of the
structural concrete wall should be performed in accordance with 7.3.13.6.

ctural concrete wall should be continuous from the raof all the way down to the foundatio

and

openings for windows or doors.

ctural concrete wall should have distributed reinforcement in the vertical and horizontal direc
than the minimum values of 7.3.9.5 and 7.3.10.5, and in accordance with the maximum sp|
in 7.3.7.8.

hear reinforcement is used, the design shear strength, ¢-V,,, should be computed

p- (Ve + V)

where ¢[- ¥, is the contribution of the concrete to the design shear strength and ¢ - Vg is the contril

nforcement to the design shear strength.

69), ¢ =[0,85]; see 6.3.3 d).

Contribution of concrete to the shear strength. in structural concrete walls

al location to be investigated, only the contribution of the concrete of the web of the stru
should be taken into account and it should’be computed using Equation (60) with ¢=[0,85

}.bw.lw

e thickness of the-web of the structural concrete wall;

Jre

6

orizontal length.

61), ¢ =10;85]; see 6.3.3 d).

a)
b) The strt
have no
c) Thestru
not less
specifie(
d) Where
Equation (59):
P Vo=
of the re
In Equation (
7.3.13.6.2 (
At each criti
concrete wal
6.3.3 d):
Ve =p- [
where
by, s th
Ly itsH
In Equation (
7.3.13.6.3 ¢

Shiear reinforcement in structural concrete walls

lions,
acing

using

(59)

ution

Ctural
; see

(60)

The contribution to the design shear strength of the horizontal reinforcement located in the web of the
structural concrete wall should be in accordance with Equation (61):

¢‘Vs:¢'(ph'fy‘bw’lw)

where

Ph
Ay

is the ratio of horizontal reinforcement;

is its yield strength.

In Equation (61), ¢ =[0,85]; see 6.3.3 d).

68
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7.3.13.6.4 Design of shear reinforcement

Where the factored shear, V|, exceeds ¢ - ¥, the ratio of the horizontal reinforcement should not be less than
the amount determined from Equation (62), with ¢ = [0,85]; see 6.3.3 d):

Vy—90-V
pnz—u=0 Ve (62)
¢ fy ' bw : lw
In addition, the following requirements should be met.
a) Twao curtains of reinforcement should he emplayed, bath in the vertical and the harizantal reinforcement.
b) If ?—W is less than 2, the vertical steel ratio, p,, should not be less than the horizontal steel ratio, o,
w
c) The value of ¢ - ¥, should not exceed that calculated in accordance with Equation’ (63):
S ;

PpVn=¢(VetVs)<¢- 5 Ve bwlw (63)
7.3.1B.7 Torsion
Design for torsion is beyond the scope of this International¢Standard, and it should be permitt¢d to neglect
torsign effects when the calculated factored torsion, 7,,, is less than the value derived from Equatipn (64):

(v < ¢- : 64

usy ( 24 h+b (64)

Notwjthstanding, in members where torsioh’smaller than the value given by Equation (64) is pr¢sent, closed
stirrups with a minimum bar diameter_of 10 mm should be provided near the supports, with a spacing
meagured along the length of the element not greater than 5/4 or d/4 of the smaller element, for a distance
equal to 1/4 of the clear span of thetelement measured from the internal face of each support. In Equation (64),
#=10,85]; see 6.3.3 d).
7.3.14 Bearing strength
The factored compression normal load, P,, applied concentrically on an area, 4., should nof exceed the
design bearing strength on concrete (¢ - P,,) calculated in accordance with Equation (65):

p-P,=¢+0,85- 1} A (65)
wherg 4/ corresponds to the contact area, expressed in square millimetres and ¢ = [0,70]; see 6.3.3 e).
7.4 Floor system
7.41 Types of floor systems
7411 General

The floor system employed by a building designed in accordance with this International Standard should be
one of the systems covered or their permitted variations. The selection of an appropriate floor system should
be made after studying several alternatives.

©1S0
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7.41.2 Slab-on-girder system

7.41.21 Description of the basic system

This system consists of a grid of girders in both main plan directions with a slab spanning the space between
girders. These girders are located in the column lines or axes, spanning the distance between the columns. A
solid slab is supported by the girders. The slab can be cantilevered beyond the edge beam. In this system, the
slab has a shallower depth than the girders; see Figure 45. This system should comply with the provisions for
structural integrity specified in 7.4.3.

{A

<>
Key
1 slab
2 girder

Figure 45 — Slab-on-girder floor system

7.41.2.2 Use of intermediate beams

One of the rrvlnain variations of this system is the use of intermediate beams supported on the girders. Ohe or
several beams can.be employed per span. The intermediate beams can be of the same height as the girders
or shallower| These intermediate beams can be used in one direction, as shown in Figure 46, or in two
directions, a$ shown in Figure 47. The use of too many intermediate beams will make the system gravitate to
the joist system described in 7.4.1.3.

7.41.2.3 Advantages of slab-on-girder system

For the slab-on-girder system, each component has the appropriate minimum depth and width to comply with
the strength or serviceability provisions therefore having a relatively low selfweight. The system can
accommodate spans of any size, can easily be adapted to any plan shape, and large perforations, ducts and
shafts can be located without major problems.
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3
Key
1 slab
2 gjrder

3 intermediate one-directional beam

S
S

Figure 46 — Use of one-direction intermediate’beams in the slab-on-girder floor system

Key
1 slab
2 girder

3 intermediate two-directional beam

Figure 47 — Use of two-direction intermediate beams in the slab-on-girder floor system
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7.41.3 Joist systems

7.41.3.1 Description of the basic system

The joist system consists of a series of parallel ribs, or joists, supported by girders. The girders are located in
the column lines or axes, spanning the distance between columns. A thin, solid slab spans the space between
joists; see Figure 48. This system should comply with the provisions for structural integrity specified in 7.4.3.
The thin slab cannot be cantilevered beyond the edge joist. In this system, the joists area is usually of the
same depth as the girders, but it can have a shallower depth. The separation between parallel joists,
measured centre-to-centre of the joists, should not exceed [2,5] times the depth, 4, of the joist, nor [1,2] m.
The width of the web of the joist should be not less than [120] mm at the upper part. The minimum width

should not b
width; see Fi

eam

Efess than [T00]mm. The ciear depth of the joist should be not more than (9] times 15 avi
gure 50. The thin slab should comply with the minimum thickness provisions specified in.4

Figure 48 — Joist floor system

brage
5.2.1.

Key

1 joist

2 thin top sl
3 edge joist
4 girderorH
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Dimensions in millimetres

A
s -
Q
\ J
2120 bw = bave 2100
— — — —

Key
8 Restrictions: s < 2,5k s<1,2m.
b bave <5.

Figure 49 — Joist section dimensions

7.4113.2 Type of formwork

When the joists have the same depth as the girders, a flat formwork decking supported on shoreq is employed.
Joist$ shallower than the girders may require more elaborate farmwork. In order to create the voids,
permianent and removable pans, or domes, of different shapes and‘materials are employed. Amgng the more
popular are permanent and removable wood pans, removable pans made out of metal, fibreglalss, plastic or
styrofoam, or permanent cement, cinder or clay filler blocks.

7.4113.3 Distribution ribs

In joist systems that span in only one direction, in.order to avoid a concentrated load being carried by just one
joist, transverse distribution ribs should be employed with separations of no more than 10 times the total depth,
h, of the joist without exceeding 4 m; see Figure'50.

Key

1 distribution rib
a8 Restrictions: s <10 ;s <4 m.

Figure 50 — Distribution ribs
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7.41.3.4 Two-way joist systems

For approximately equal spans in both directions, it could be advantageous to use joists in both directions. In
this case, in order for the system to be classified as a joist system, the joists must be supported on girders.
This system is referred as a waffle-on-beams slab; see Figure 51. If the beams are omitted, the system should
be classified as the waffle-slab system as described in 7.4.1.3.4.

7.41.3.5 Advantages of joist systems

Figure 51 — Two-way joist system or waffle-on-beams system

The joist sysfem can accommodate medium*to large spans, with relatively low selfweight. It is easy to Ipcate
small perforgitions, ducts and shafts..'[For heavy live loads or large permanent loads, the serviceability
deflection prpvisions can easily be_ accommodated because of the relatively large depth of the system| The
clear spacing between joists is a-trade-off: the thinner the top slab, the larger the number of joists reqpired.

This allows the designer great freedom in the choice of appropriate dimensions.

7.4.2 Critefia for the selection of the floor system

The structural designer-should select a floor system from the systems specified in this International Stapdard
in 7.4.1. Sevgral alternatives should be studied and the final selection should be made taking into account the

merits of eagh.of them in terms of the following:

a)

b)

c)
d)

e)

74

magnitude of the dead and live loads and specially the selfweight of the system;

geometry of the structural plan layout, specially the span lengths in both plan directions and the ratio
between them;

presence of cantilevers and their maximum span and direction;
type of occupancy of the building;

available material strengths, both for concrete and reinforcing steel;
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7.4.3

7.4.3
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or jo
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expected behaviour of the slab system and the adequacy of compliance with the serviceability and

deflection criteria,

amount of materials, such as concrete, steel and formwork, required to build the floor system, taking into
account that the floor system is probably responsible for the majority of the materials employed to build

the structure;

local tradition in floor-system construction, which plays an important role in the selection and which, if
followed, might simplify construction coordination;

rlative cost of the alternatives, but the economical advantages should be pondered against
ehaviour and safety of the system.

Structural integrity

1 General

following should constitute minimum provisions for improving the redundancy and ductility of]
whole, in order for it to be able to be functional in the event of.demage to a major supportin

Bnormal loading event, by confining the damage to a relatively)small area and maintaining ov|

2  Perimeter girders in slab-and-girder and joist systems

g of beams should be provided linking the perimeter columns and structural concrete
ure, even when girders in slab-and-girder systems and joist systems are required for suppd
sts only in one direction in plan. These peritneter beams, or girders, should have a mini
huous top and bottom longitudinal reinforcement, tied with closed stirrups in accordance
reinforcement should always be lap-spliced using the minimum lap spliced length specified i

3  Other beams and girders

All bgams and girders, except the ‘perimeter girders in accordance with 7.4.3.2, should have cl

and

reinfd
spec

7.4.3

In joi

mini
stan

4@ minimum area of continous bottom longitudinal reinforcement, as specified in 7.6.4.5 and
rcement should always\be lap-spliced, at or close to the supports, using the minimum lap

fied in 7.3.8.2.

4 Joists

5ts, at least one bottom bar should be continuous over the support or should be spliced th
hum lap-splice length specified in 7.3.8.2, and discontinuous supports should be termi
ard‘hook; see 7.6.4.5.

n
(¢

the expected

the structure
g element or
erall stability.

walls of the
rt of the slab
mum area of
with 7.6.5.5.
7.3.8.2.

bsed stirrups
7.6.5.5. This
splice length

bre using the
nated with a

7.4.4 Slab one-way and two-way action and load path

7.4.41

General

The way the load is transferred from the point of application to the supports in a slab system depends on the
geometrical plan dimensions of the slab panel and on the stiffness of the supporting elements. For the
purposes of this International Standard, the way the loads are carried to the support should be classified into

one-

way and two-way action.
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7.44.2

One-way action

A slab, solid or with joists should be considered to work in one-way when

a)

wall along the full length of the edge that provide vertical support in the other two opposing edges;

b)

has two opposing free edges without vertical support and has girders or beams or a structural concrete

the slab panel has a rectangular plan shape, has girders, beams or structural concrete walls that provide

vertical support at all edges, and the long-slab span is greater than twice that of the short-slab span; or

c)

have joists, except the distribution ribs, in only one direction.

7443 T\Lo-way action

A slab, solid
has a rectar]
edges that p
slab span.

7444 FIl

or with joists in both directions, should be considered to work in two ways when-the”slab
gular plan shape, has girders, beams or structural concrete walls along the-full"length ¢
ovide vertical support at all edges, and the long slab span is less than or equakto twice the

bor system load path

Based on th

should be used to assign a tributary load to all slab-supporting elements,/and also in obtaining the prelin
dimensions ¢f the slab and the supporting elements. The load path and the tributary loads on the supp
elements shguld be verified and corrected as needed during the designrand dimensioning stage of each

structural el

7.45 Mini

7451 G

way the slab works, an approximate load path should be identified. The approximate load

ents.
um allowable depth of the elements of the floor system

neral

banel
f the
short-

path
inary
brting
bf the

The following minimum allowable depth for elements of the floor system should be considered suffici¢nt to

meet the se
deflections ¢

7.4.5.2

74521

The top thin
permanent c

7.45.2.2

S¢lid one-way slabs supported by girders, beams, joists or structural walls

Non:-structural elements not likely to be damaged by large deflections

rviceability limit state, thus providing enough stiffness to the element to avoid undes
hused by the dead and live loads.

[op thin, solid slab.that spans the space between joists

slab should_have a minimum thickness of //20 but should not be less than [45] mm
bncrete or-clay filler blocks are employed, nor less than [50] mm in all other cases.

rable

when

nnnnnn

faterials

When a sla

that are not likely to be damaged by large deflections, the minimum thickness, 4, should not be less than the
values given in Table 8, where the span length, /, should be taken as the centre-to-centre distance between
supports, except when the span is less than 3 m, in which case it should be permitted to take / as the clear

span.
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Table 8 — Minimum thickness, %, for one-way solid slabs supporting
non-structural elements that can accommodate large deflections

Continuity across the supports Minimum thickness
h
Simply supported 1
20
One-end continuous 1
24
Both-ends continuous i
28
Cantilever l
10

7.4.5/2.3 Non-structural elements likely be damaged by large deflections

When a slab supports either the top or the bottom edge of partitions or pther non-structural elenents that are
likely| to be damaged by large deflections, the minimum thickness{#, should not be less thah the values
specified in Table 9, where the span length, I/, should be taken.as the centre-to-centre distahce between
suppprts, except when the span is less than 3 m, in which case'it should be permitted to take | as the clear
span

Table 9 — Minimum thickness, /, for.-one-way solid slabs supporting
non-structural elements likely to'be damaged by large deflections

Continuity across the supports Minimum thickness

h

Simply supported 1
14

One-end continuous I
16

Both-ends continuous /
19

Cantilever [

7

7.4.5|3_~ Girders, beams and one-way joists supporting the slab

7.4.5.3.1 Non-structural elements not likely to be damaged by large deflections

When a girder, beam or one-way joist does not support partitions or other non-structural elements or they are
built of materials that are not likely to be damaged by large deflections, the minimum thickness, #, should not
be less than the values specified in Table 10, where the span length, I, should be taken as the centre-to-
centre distance between supports, except for joists when the span is less than 3 m, in which case it should be
permitted to take / as the clear span.
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Table 10 — Minimum thickness, #, for girders, beams and one-way joists supporting
non-structural elements that can accommodate large deflections

Continuity across the supports Minimum thickness
h

Simply supported

N_\N
o

One-end continuous

RN
o
()]

Both-ends continuous

Cantilever

7.4.5.3.2 Non-structural elements likely to be damaged by large deflections

When a girdér, beam or one-way joist supports either top or bottom edge of partitiens or other non-strugtural
elements that are likely to be damaged by large deflections, the minimum thicknéss, 4, should not be lesq than
the values diven in Table 11, where the span length, /, should be taken. as the centre-to-centre disjance
between supgports, except for joists when the span is less than 3 m, it sheuld be permitted to take / gs the
clear span.

Taple 11 — Minimum thickness, /, for girders, beams‘and one-way joists supporting
non-structural elements likely to be damaged by large deflections

Continuity across the supports Minimum thickness

h

Simply supported 1l

11

One-end continuous A

12

Both-ends continuous 1

14

Cantilever 1

5

7.4.54 Two-way slabs supported by girders, beams or structural concrete walls

The minimum~allowable depth of two-way slabs, including two-way joist and waffle-on-beams sysiems,
supported by girders, beams or structural concrete walls at all edges of the panel, should be as specified in
Equation (66), and for solid slabs should be not less than 120 mm for spans, /,, greater than 3 m, and should
not be less than 100 mm for spans, /,, less or equal to 3 m.

In

"=30+35 (68)

where

I, is the clear span length in the long direction, measured face-to-face of the supporting beams;

£ is the ratio of long clear span to short clear span of the slab panel.
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The procedure for the design of two-way slabs-on-girders in accordance with this International Standard is
that the supporting girders or beams should have a depth not less than three times the slab thickness; see
7.5.8.1.

7.4.6 Initial trial dimensions for the floor system

Initial trial dimensions should be defined for all the elements of the floor system. These initial trial dimensions
should be assigned using the minimum depth or thickness, #, given in 7.4.5. For beam and girders, the initial
trial width, b,,, should be taken as one half of the depth, %, of the element but not less than 200 mm; for joists,
it should be defined using the minimum width dimensions given in 7.4.1.3.1.

a)
-

Thes|
stren
shou

nitial trial dimensions meet the serviceability Imit state and should be correcied as Feq
pth limit state as the definite design proceeds. The selfweight calculated using the initial tf
d be corrected as modifications to the dimensions are introduced during the design process.

uired by the
al dimension

7.5 | Solid slabs supported on girders, beams, joists or structural concrete walls
7.5.1| General
The ¢lesign of one-way and two-way solid slabs supported by girders, beams or structural congrete walls at

their
that s

edges should be performed in accordance with the provisions of /7.5”Provisions for the top thin solid slab

pan between joists are also included.

7.5.2| Design-load definition

7.5.2|1 Loads to be included

The fesign load for solid slabs supported on girdérs, beams, joists or structural concrete walls should be

estaljlished in accordance with the requirements*of 7.2. The gravity loads that should be ingluded in the

design are the following:

a) dead loads: selfweight of the structural element, flat non-structural elements, standing non-structural
e¢lements and fixed equipment loads;if any;

b) Iljve loads;

c) appropriate values of roof live load, rain load and snow load, if the slab is part of the roof sysfem.

7.5.212 Dead load and live load

The yalues of ¢4¢for dead load and ¢, for live load should be expressed in newtons per squarg metre. The

variaple g4 should include the selfweight of the solid slab, at 24 N/m2 per millimetre of thicknless, and the

weight of, the*flat and standing non-structural elements should be expressed in newtons per sfguare metre.

the specified

g
Live\Joad should be determined in accordance with 7.2.6. If the slab is part of the roof system,
snowlloads in 7.2.7 should be included, if appropriate

7.5.2.3 Factored design load

The value of the factored design load, ¢, expressed in newtons per square metre, should be the greater of
the values calculated by combining g4 and ¢, in accordance with Equations (3) and (4). If the slab is part of a
roof system, Equations (5) and (6) should also be investigated, choosing the greatest value from among the
results of all four equations.
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7.5.3 Details of reinforcement

7.5.3.1 General

For the purposes of this International Standard, the reinforcement of solid slabs-on-girders should be of the
types described and should be in accordance with the provisions of 7.5.3.2 to 7.5.3.8.

7.5.3.2 Shrinkage and temperature reinforcement

7.5.3.21 Description

Reinforcemept for shrinkage and temperature stresses normal to the flexural reinforcement of the slab-should
be provided in slabs-on-girders where the flexural reinforcement extends in only one direction.

7.5.3.2.2 ocation
Shrinkage anpd temperature reinforcement should be located on top of the positive flexuralreinforcement and

perpendicular to it, except in roof slabs where it should be located under the negative fflexural reinforcgment
and perpend|cular to it.

7.5.3.2.3 inimum reinforcement area

Shrinkage arnd temperature reinforcement should be in accordance with.the minimum reinforcement stee| ratio,
pp of 7.3.9.211.

7.5.3.2.4 Maximum and minimum reinforcement spacing

Shrinkage apd temperature reinforcement should not be.spaced further apart than specified by 7.3.7.7, nor
should it be placed closer than specified by 7.3.7.2.

7.5.3.2.5 einforcement splicing

It should be permitted to lap-splice shrinkage.and temperature reinforcement at any location. The splice Iength
should be in pccordance with 7.3.8.2.

7.5.3.2.6 End anchorage of reinforcement

At edges of the slab, shrinkage’and temperature reinforcement should end in a standard hook. It should be
permitted to place the hookherizontally.

7.5.3.3 Positive flextural reinforcement

7.5.3.3.1 eéscription

Positive flexural reinforcement should be provided in the lower part of the slab section, as specified in 7.5 and
should comply with the general provisions of 7.5.3.3 and the particular provisions for each slab type in
accordance with 7.5.4 to 7.5.8.

7.5.3.3.2 Location

Positive flexural reinforcement should be provided parallel to the short span in one-way solid slabs-on-girders
and in both directions in two-way-slabs. Positive flexural reinforcement should be located as close to the
bottom surface of the slab as permitted by the provisions (see 7.3.4.1) for concrete cover. In two-way systems,
the short span positive flexural reinforcement should be located under the long span positive flexural
reinforcement. The amount of positive flexural reinforcement should be that required to resist the factored
positive design moment at the section.
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7.5.3.3.3  Minimum reinforcement area

Positive flexural reinforcement should have an area at least equal to the area specified by 7.3.9.2.2.
7.5.3.3.4 Maximum reinforcement area

Positive flexural reinforcement area should not exceed the values set forth in 7.3.9.2.3.

7.5.3.3.5 Maximum and minimum reinforcement spacing

Positive flexural reinforcement should not be spaced further apart than specified by 7.3.7.6 nor should it be
placgd closer than permitted by 7.3.7.2.

7.5.313.6  Cut off points
It shquld be permitted to suspend, at the locations indicated in 7.5.6 to 7.5.8 for eacdhnslab type, ho more than

one-half of the positive flexural reinforcement required to resist the corresponding factored dgsign positive
moment at mid-span.

7.5.3{3.7 Reinforcement splicing

It shquld be permitted to lap-splice the remaining positive flexural reinforcement between the cuttoff point and
the opposite face of the support.

7.5.3|13.8 Embedment at interior supports

Positjve flexural reinforcement suspended at an interior support should be embedded by continuing it to the
oppokite face of the support.

7.5.313.9 End anchorage of reinforcement
Positjve flexural reinforcement perpendicular to a discontinuous edge should extend to the edge of the slab

and ghould end with a standard hook' in the girder, beam or structural concrete wall that providés support at
the efdge.

7.5.314 Negative flexurakreinforcement

7.5.3]4.1 Description

Negdgtive flexuralsreinforcement should be provided in the upper part of the slab section, at edges and
suppgprts, in the)amounts and lengths as specified in 7.5, and should be in accordance with the general
provisions of.7:5.3.4 and the particular provisions for each slab type as specified in 7.5.4 to 7.5.8.

7.5.314.2° Location

Negative flexural reinforcement should be provided perpendicular to edge and intermediate supporting girders,
beams and structural concrete walls. Negative flexural reinforcement should be located as close to the upper
surface of the slab as permitted by the provisions (see 7.3.4.1) for concrete cover. In two-way systems, the
short span negative flexural reinforcement should be located above the long span negative flexural
reinforcement. The amount of negative flexural reinforcement should be that required to resist the factored
negative design moment at the section.

7.5.3.4.3 Minimum reinforcement area

Negative flexural reinforcement should have an area at least equal to the area specified by 7.3.9.2.2.
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7.5.3.44

Maximum reinforcement area

Negative flexural reinforcement area should not exceed the values specified in 7.3.9.2.3.

7.5.3.4.5

Maximum and minimum reinforcement spacing

Negative flexural reinforcement should not be spaced further apart than specified by 7.3.7.6, nor should it be
placed closer than permitted by 7.3.7.2.

7.5.3.4.6 Cut off points
It should bel permitted to suspend all the negative flexural reinforcement, except for cantileversy-dt the
locations ind|cated in 7.5.6 to 7.5.8 for each slab type. Where adjacent spans are unequal, negative)flgxural

reinforcemer

t cut-off points should be based on the provisions for the longer span.

7.5.3.4.7 Reinforcement splicing

It should not be permitted to lap-splice negative flexural reinforcement between the, cut-off point and the
support.

7.5.3.4.8 End anchorage of reinforcement

Negative flexural reinforcement perpendicular to a discontinuous edge should be anchored with a stahdard
hook into thg edge girder, beam or structural concrete wall that provides support at the edge, in accordance
with the anghorage distances specified in 7.3.8.3. At the external edge of cantilevers, negative flgxural

reinforcemer
hook horizon

7.5.3.5

The design
transverse re
beyond the s

Shear reinforcement

t perpendicular to the edge should end in a standard“hook. It should be permitted to plage the

tally.

rocedures for slabs prescribed by this\International Standard do not require the employmént of
inforcement in slabs. The procedures.for design of transverse or shear reinforcement in slal}s are
cope of this International Standard.

7.5.3.6 Corner reinforcement

Special top gnd bottom slab reinforcement, in addition to other reinforcement, should be provided at exterior
corners of the slab, different from-cantilevers, for a distance equal to one-fifth of the longer clear span ¢f the
slab panel ($ee Figure 52),The amount of reinforcement, top and bottom, should be sufficient to regist a
moment equal to the maximim positive factored design moment per meter of width in the slab pangel, in
accordance \vith 7.5.3.6.9%and 7.5.3.6.2.

7.5.3.6.1 op.corner reinforcement

1 This

Special reinfe
reinforcement should be anchored with a standard hook at the supportlng girders, beams or structural
concrete walls.

7.5.3.6.2 Bottom corner reinforcement

Special reinforcement perpendicular to the diagonal of the panel should be placed in the bottom of the slab.
This reinforcement should be anchored with a standard hook at the supporting girders, beams or structural
concrete walls.
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brner top reinforcement
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ab panel diagonal

Figure 52—~ 'Special slab corner reinforcement

7 Welded-wire fabric-used in short span slabs

ed-wire fabric used\in-slabs not exceeding 3,5 m in clear span should be permitted to simul
gative and positive’flexural reinforcement by curving it from a point near the top of slab ovg
point near the.bottom of slab at mid-span, provided such reinforcement is either contin

red moment, either positive or the negative; see Figure 53. In two-way slabs, the wires of the
in the-perpendicular direction should comply with the required area of flexural reinforce
ion,"and in one-way slabs with the required shrinkage and temperature reinforcement.

aneously act
r the support
lous over or

bred at the 'supports. The area of longitudinal reinforcement should comply with the maximnum required

welded-wire
ment in that
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Dimension in metres

[n =35
- > 1
b
Key
1 welded-wire fabric as positive and negative reinforcement
@  Placed clgse to the top of the slab over supports.
b Placed cldse to the bottom of the slab near mid-span.
Figure 53 — Welded-wire fabric in short spans
7.5.3.8  Practical considerations for the value of d; and J asapplied in solid slabs

A determination of the distance, [d,], from the extreme tension fibre to the centroid of tension reinforcg

should inclu
existence of
concrete sur
accordance

in two way sl
the long dire

e the appropriate concrete cover as specified in 7.3.4, the bar diameters employed an
reinforcement in a perpendicular direction placed between the reinforcement under study arn

vith the relationship d = 4 — d.. For.one<way slabs and for the reinforcement in the short dirg
abs, d, = 40 mm for internal exposure and d; = 60 mm for external exposure. For reinforcem
Ltion of two-way slabs, d, = 55 mam for internal exposure and d; = 75 mm for external exposu

7.5.4 Top thin solid slab that spans between joists

7.541 Di

A thin solid s
The top thin
7.54.2 Fc

The factored

Imensions

5lab should not be permitted to be cantilevered beyond the edge joist; see 7.4.1.3.1.

ctored-flexural moment

ab that spans between joists should comply with the minimum thickness as specified in 7.4.5.

ment
d the
d the

[ace. It should be permitted to use thelvalues of d,, specified in this subclause to comput¢ d in

ction
ent in
fe.

sxural

moment in a thin slab that spans between joists in JOISt construction, should be calculated in accordance with
Equation (67)

2
:‘Iu‘ln

My =My 12

(67)

where [, is the clear spacing, expressed in metres, between joists and g, is expressed in newtons per square
metre; see Figure 54.
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7.5.4.3 Reinforcement

The flexural reinforcement ratio, p, perpendicular to the joist direction, should be calculated in accordance with
Equation (27) or (29), with the value of M|, derived from Equation (67), converted to newton-millimetres
(1 -m/m=103N - mm/m), defining d, expressed in millimetres, as one-half of the thickness of the thin slab,
and »=1000 mm. The value of p should be defined as equal to or greater than the shrinkage and
temperature ratio specified in 7.3.9.2.1; see Figure 54. The flexural reinforcing bar separations should meet
the provisions of 7.3.7.6. The reinforcement parallel to the joist direction should meet the provisions of 7.5.3.2.

1 2 3
\ / /
/

| 4 y
LJ @ LJ @ \J \J L © © LJ © L] LJ LJ LJ L]
[n [n [n
L - > |- > |- >
Key
1 tgp thin slab
2 nggative and positive flexural reinforcement
3 shrinkage and temperature reinforcement
4 jqist

Figure 54 — Reinforcement of the thin solid slab that spans between joists

7.5.4/4  Shear strength verification

The factored shear, V), expressed in newtoens per metre, for the thin slab that spans between |joists in joist
consfruction should be calculated in accordance with Equation (68):

A qu - ln (68)

where [, is the clear spacing, expressed in metres, between joists and g, is expressed in newtorjs per square
metre; see Figure 54C-The design shear strength, ¢- V., expressed in newtons per metrg, should be
calculated in accordance with Equation (52), defining d, expressed in millimetres, as one-half thg thickness of
the thin slab andb5.= b =1 000 mm. This should be in accordance with Equation (50).

7.5.4l5 (Calculation of the reactions on the joists

The factored uniformly distributed reaction, r,,, expressed in newtons per metre, on the supporting joists
should be calculated in accordance with Equation (69):

2.7,

" (69)
ln
where
V, is the factored shear, expressed in newtons per metre, in accordance with 7.5.4.4,

[ is the centre-to-centre spacing, expressed in metres, of the joist;

[, is the clear spacing, expressed in metres, between joists.

n
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7.5.5 Cantilevers of slabs supported on girders, beams or walls

7.5.5.1 Dimensions

Solid slab cantilevers, spanning beyond the edge girder, beam or structural concrete wall, should be in
accordance with the minimum thickness provisions specified in 7.4.5.2. The cantilever span should not exceed
the limits specified in 6.1. No openings for ducts or shafts should be permitted in the internal one-half span of
the cantilever. It should be permitted for the slab to be cantilevered in two directions at corners, with the same
limitations for single cantilevers. The thin top slab that spans between joists should not be cantilevered
beyond the edge joist.

7.5.5.2

The factored
beams or str
that half of
other half ag
factored neg
concrete wal

span; see Figure 55.

g =8

where [, is
metre, and

C]u/z -

u

12

“qu " tn

4

qu/z

Fgctored negative flexural moment

2

[/

he clear span, expressed in metres, of the cantilever, g, is expressed in newtons per s
., is expressed in newton-metres per metre.

negative flexural moment, A/, for slab cantilevers that span beyond the edge-supparting gifders,
uctural concrete walls should be calculated in accordance with Equation (70) on, the-assunjption
ne distributed factored load, ¢, acts as a concentrated load at the tip of the cantilever a

ts as a uniformly distributed load over the full span. However, it should notybe less tha
ative flexural moment of the first interior span at the exterior supporting girder, beam or stru
, hor less than one-third of the positive flexural moment, in the same direction, of the first in

the
the
ctural
terior

(70)

juare

[n

a)

| §

ln

A

Y

b)

Key

uniform lo

B WODN -

86

ad

concentrated load

cantilever clear span
moment diagram

Figure 55 — Calculation of the negative moment for slab cantilevers
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7.5.5.3 Reinforcement

7.5.5.3.1  Negative flexural reinforcement

The negative flexural reinforcement ratio, p, in the direction of the cantilever should be calculated in
accordance with Equation (27) or (29), using the value of M, derived from Equation (70), converted to newton
millimetres per metre (1 - m/m =103 N - mm/m), with the appropriate value of d, expressed in millimetres,
and b=1000mm. The negative flexural reinforcement should be in accordance with 7.5.3.4. This
reinforcement should be anchored in the first interior span not less than /4 for the reinforcing bar (see 7.3.8.1),
nor the distance required for the negative reinforcement of the interior slab panel at the edge support; see

Figure 56.
1 L 2
I } ; 3 J
B n N - 3 N
Key
1 ghrinkage and temperature reinforcement
2 negative cantilever reinforcement
3  (distance required for the negative reinforcement of the first interior span, but not less than / for the bar
4 minimum positive reinforcement

Figure 56 — Reinforcement for slab cantilevers

7.5.5/3.2 Positive flexural reinforcement
A mihimum amount of positive flexural reinforcement with an area greater or equal to the shrinkage and

temperature reinforcement,/in accordance with the provisions of 7.5.3.2, should be provided in the direction of
the cantilever; see Figure 56.

7.5.5/3.3 Shrinkage and temperature reinforcement

Reinforcement parallel to the edge of the cantilever, in accordance with the provisions of 7.5.3|1, should be
provifled; 'see Figure 56.

7.5.5.3.4 Reinforcement of two-way cantilevers

At corners where the slab is cantilevered in two directions, the negative flexural reinforcement should be
calculated for the larger span cantilever, in accordance with the provisions of 7.5.5.3.1. This reinforcement
should be placed in both directions (see Figure 57) for a distance, measured from the corner, equal to the
cantilever clear span plus two times the larger cantilever span, but not less than the distance required for the
negative flexural reinforcement of the first interior span plus the cantilever span. Reinforcement in accordance
with the provisions of 7.5.5.3.2 should be placed in both directions.
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Key
1 two-way cantilever negative reinforcement
2 smaller cgntilever span
3 girder, begm or wall
4  one-way rjegative cantilever reinforcement
5 larger canfilever span

Figure 57 /~"Negative flexural reinforcement in two-way slab cantilevers

7.55.4 Shear verification

The factored shear, 7, expressed in newtons per metre, for the support of cantilever slabs shou|d be
calculated inlaceerdance-with-Equation{FH:

Vu:qu.ln (71)

where [/, should be the clear span, expressed in metres, of the cantilever and ¢, should be expressed in
newtons per square metre.

For two-way cantilevers, the value of ¥, should be taken as twice the value derived from Equation (71) using
the larger cantilever span.
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The design shear strength ¢ - V,, expressed in newtons per metre, should be calculated in accordance with
Equation (52) with the appropriate value of d, expressed in millimetres and 5 =1 000 mm. This should be in
accordance with Equation (50).

7.5.5.5 Calculation of the reactions on the supports

The uniformly distributed factored reaction, »,, on the support of the cantilever, expressed in newtons per
metre, should be the value derived from Equation (72):

(72)

. is the factored shear, expressed in newtons per metre, as specified in 7.5.5.44

] is the span, expressed in metres, of the cantilever measured from the“centreline of the supporting
element;

L, is the clear span, expressed in metres, of the cantilever.

WheJle two-way cantilevers exist, it should be permitted to calculate of the value of R, in accprdance with
Equation (72), employing the value of ¥, for the larger cantilever span derived from Equatior] (71) without
doubling it.

7.5.6 One-way one-span solid slabs spanning between girders, beams or structural concrete walls

7.5.6{1 Dimensions
One-way one-span solid slabs should comply with the minimum thickness provisions as specified|in 7.4.5.2. In
additjon to the appropriate provisions .specified in 7.5.6, these slabs should comply with|the general

dimepsional provisions as specified in 6.1 and the particular provisions specified in 7.4.1.2 for dlab-on-girder
systems.

7.5.612 Factored flexural moment

The factored positive and-negative flexural moment, M, expressed in newton-metres per metre, [for one-span
one-Way slabs should be,calculated in accordance with Equations (73) and (74) as specified in Tgble 12.

Table 12 — Factored flexural moment for one-way, one-span slabs

Positive moment:
vt qu-ln (73)
- 8
Negative moment at supports:
2
eyl (74)
Y
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7.5.6.3 Longitudinal flexural reinforcement

7.5.6.3.1 Positive flexural reinforcement

The positive reinforcement ratio, p, in the direction of the span, /, should be determined in accordance with
Equation (27) or (29), with the value of M, derived from Equation (73) converted to newton-milliimetres
(1 N-m/m = 103 N - mm/m), using d expressed in millimetres, and » = 1 000 mm. This reinforcement should be
in accordance with the provisions specified in 7.5.3.3. In those cases in which the slab is cast monolithically
with a supporting girder, beam or structural concrete wall and the supporting element has a depth at least
three times greater than the depth of the slab, it should be permitted to suspend up to one-half of the positive
flexural reinforcement at a distance equal to /,/8, measured from the internal face of the supports into the

span; see Figure 58.

Key

1 negative f]
2 shrinkage
3 positive flg
4  positive fl

deeper than the slab

7.5.6.3.2 Negative flexural reinforcement

The negativ
accordance

newton-millin
reinforceme
measured fi

Dimension-in_millin

(n/ b /b

A
Y
A
A

exural reinforcement

and temperature reinforcement

bxural reinforcement

pxural reinforcement suspension, only“if’the slab is built monolithically with the support at least three

Figure 58 — Reinforcement for one-span one-way slabs

b flexural reinforcement ratio, p, in the direction of the span, /,, should be determin
with Equation*(27) or (29), with the value of M, derived from Equation (74) convert
netres (1°N’m/m =103 N - mm/m), using d expressed in millimetres, and » =1 000 mm.
t should be in accordance with the provisions specified in 7.5.3.4. At a distance equal tg

should be pgrmitted to be suspended; see Figure 58.

om’the internal face of the supports into the span, all the negative flexural reinforce

hetres

times

ed in
pd to
This
I,/4,
ment

7.5.6.3.3 Shrinkage and temperature reinforcement

The reinforcement perpendicular to the span should meet the provisions for shrinkage and temperature
reinforcement specified in 7.5.3.2; see Figure 58.
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7.5.6.4  Shear verification

The factored shear, ¥, expressed in newtons per metre, for the one-span one-way slab should be calculated
at the face of the supports in accordance with Equation (75):

Vu — qu - ln (75)

where [ is the clear span, expressed in metres and ¢, is expressed in newtons per square metre; see
Figure 58.

The fesign shear strengih, ¢- 7, In N/m, should be calculated in accordance with Equation] (52), with d
exprgssed in millimetres and b,, = b =1 000 mm. This should be in accordance with Equation((50].

7.5.6|5 Calculation of the reactions on the supports
Unifgrmly distributed factored reaction, r,, on the supports of one-way one-span, slabs expressed in newtons

per metre, should be the value derived from Equation (76) plus the uniformly, distributed reaction from any
cantilever spanning from that support:

= (76)

wherg

| is the factored shear, expressed in newtons perimetre, as specified in 7.5.6.4;

is the centre-to-centre span, expressed inmetres, of the slab;

L is the clear span, expressed in metres,of the slab.

7.5.7] One-way solid slabs supported on girders, beams or walls with two or more spans

7.5.711  Dimensions
One-wvay solid slabs with (ftwo or more spans should comply with the minimum thickness provisions as
specified in 7.4.5.2. In addition to the appropriate provisions specified in 7.5, slabs should comply with the
genefal dimensions as~-specified in 6.1 and the particular provisions specified in 7.4.1.2 for dlab-on-girder
systems.

The following restrictions should be in effect for slabs designed in accordance with 7.5.7.

a) There are two or more spans.

b) he spans are approximately equat, with the farger of tWo adjacent spans not greater than the shorter by
more than 20 %; see 6.1.

c) The loads are uniformly distributed.

d) The unit live load, ¢;, does not exceed three times the unit dead load, g.

e) For negative moment evaluation at internal supports, /, should correspond to the largest of the
neighbouring spans.
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7.5.7.2 Factored flexural moment

The factored positive and negative flexural moment, A/, in N-m/m, for one-way slabs should be calculated
using Equations (77) to (82) and those given in Table 13 for slabs with two or more spans.

For positive moment, use Equations (77) and (78):

a)

b)

For negative

a)
My =4
b) atthe e
My =4
c) atthefa
My =4
d) atthefa
My =2
75.7.3 Lg
7.5.7.3.1

at end spans, in accordance with Equation (77):

2
MJ _4u In
11
at interigr spans, in accordance with Equation (78):
2
M= 4 - In
16

moment at supports, use Equations (79) to (82).

at the inferior face of an external support, in accordance with Equation (79):

2
u * ln
24
terior face of the first internal support for only two spafs, in accordance with Equation (80):
2
u * ln
9
Ces of internal supports for more than two spans, in accordance with Equation (81):
2
u * ln

10

Ces of all supports for stabs with spans not exceeding 3 m, in accordance with Equation (82)

2
u'ln
12

ngitudihal flexural reinforcement

Il’ositive flexural reinforcement

(77)

(78)

(79)

(80)

(81)

(82)

The positive reinforcement ratio, p, in the direction of the span, /, should be determined in accordance with
Equation (27) or (29), with the appropriate value of M | derived from Equations (77) or (78), converted to
newton-millimetres per metre (1 N-m/m = 103 N-mm/m), using d, expressed in millimetres, and » =1 000 mm.
This reinforcement should be in accordance with the provisions specified in 7.5.3.3. At internal supports, at a
distance equal to /,/8 measured from the face of the supports into the span, up to one-half of the positive
flexural reinforcement should be permitted to be suspended; see Figures 59 and 60.
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7.5.7.3.2 Negative flexural reinforcement

The negative flexural reinforcement ratio, p, in the direction of the span, /,, should be determined in
accordance with Equation (27) or (29), with the appropriate value of A/, derived from Equations (79) to (82),
converted to newton-millimetres per metre (1 N-m/m = 103 N-mm/m), using d, expressed in millimetres, and
b =1 000 mm. This reinforcement should be in accordance with the provisions specified in 7.5.3.4. At internal
supports, at a distance equal to /,/3 where /,, should correspond to the largest of the neighbouring spans,
measured from the face of the support into the span, all the negative flexural reinforcement should be
permitted to be suspended. At external supports, at a distance equal to / /4 measured from the internal face of
the support into the span, all the negative flexural reinforcement should be permitted to be suspended; see
Figures 59 and 60.

7.5.7}13.3  Shrinkage and temperature reinforcement

The feinforcement perpendicular to the span should meet the provisions for shrinkage” and|temperature
reinforcement specified in 7.5.3.2; see Figures 59 and 60.

Dimensiong in millimetres

/30 14/3°

 J

~
| Adk

A

A
A

/b 1,/5 [,/3 ) Z

Ll

6 1,/8 1,/8

Y
)
=
(o]
un
Y

 J
A

L l,

<
A A ’ P

 J

A
A
Y

Key

negative reinforcement at the(intérior face of an external support
negative reinforcement at(the interior support for two spans
shrinkage and temperature reinforcement

minimum cantilever-positive reinforcement

ppsitive reinforcement interior span
p
N
€

o b WON -

Dsitive reinforéement end span

Q

egative,reinforcement cut-off points should be based upon the greater of the two neighbouring spans.

o

Jreater negative reinforcement from that required for the external support or for the cantilever.

Figure 59 — Reinforcement for two-span one-way slabs supported
by girders, beams or structural concrete walls
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Dimensions in millimetres
2 L 2 A
[,/3° 13/32
1 W3 ) e L3 ) e 1
- [,/5 . [5/5
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[“ Y Y Y Y Y Y Y Y Y ° Y Y Y ‘y Y Y Y ° (] (] (] ‘ (] ' II]
i t X
o (=) (=] \
[1/8 [,/8
e N E——e— | | 13/8
B [ _ B [ N B l3 | 3
3 5
Key
1 negative reinforcement at the interior face of an external support
2 negative reinforcement at the faces of interior support for more than two spans
3 positive rginforcement end span
4  shrinkage|and temperature reinforcement
5 positive rginforcement end span
@  Negative feinforcement cut-off points should be based upon the.greater of the two neighbouring spans.
Figure 60 — Reinforcement for one-way slabs supported by girders,
beams or structural concrete walls, with three or more spans
7.5.7.4 Shear verification
The factored|shear, 7, in newtons-per metre, for the slab should be calculated at the faces of all suppqrts in
accordance yith Equation (83) at’the exterior face of the first interior support and Equation (84) at faces|of all
other supporis:
-1
Vy=115-2un (83)
2
where /[ is the/Cl€ar span, expressed in metres, and ¢, is expressed in newtons per square metre; see
Figures 59 apd-60.
-1
Vu — qu2 n (84)

The design shear strength, ¢- V,,, expressed in newtons per metre, should be calculated in accordance with
Equation (52), with d expressed in millimetres and b,,=b=1000 mm. There should be compliance with
Equation (50) at all faces of the supports.
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7.5.7.5 Calculation of the reactions on the supports

Uniformly distributed factored reaction,

u’

span of one-way slabs should be derived in accordance with Equation (85)

Total| factored uniformly distributed reaction on the external supports should be -equal to the
factofed uniformly distributed reaction, r,
suppeprt, plus the uniformly distributed reaction of any cantilever spanning-ffom that support. T
unifofmly distributed reactions on internal supports should be the sum_6f the factored uniform
reactjons, r,,, derived in accordance with Equation (85) for both neighbouring spans at that suppo

7.5.8)| Two-way solid slabs spanning between girders, beams or structural concrete walls

7.5.8|1 Dimensions

Two-way solid slabs having girders, beams or structural concrete walls at all edges should be i

with

slabs

The fpllowing restrictions should be in effect for the use of the procedure specified in 7.5.8.

a)

b)

c)

d)

e)

] is the centre-to-centre span, expressed in metres;

There are two or more spans.

The spans are approximately equal, with the larger of two adjacent spans not greater than t

The supporting girders or beams should be cast monolithically with the slab and should have]

v, is the factored shear, expressed in newtons per metre, from 7.5.7.4;

|, is the clear span, expressed in metres.

,» from the span derived in accordance with Equatio

he minimum thickness as specified in 7.4.5.4.4n addition to the appropriate provisions of

more than 20 % of the larger; see 6.1.

ot less than 3 times the slab thickness.
loads are*uniformly distributed.

Unit live load, g|, does not exceeds three times unit dead load, gg.

expressed in newtons per metre, on the support contributed by any

(85)

value of the
h (85) at the
otal factored
y distributed
t.

accordance
7.5, two-way

should be in accordance with the general dimensional provisions specified in 6.1 and {he particular
provigsions of 7.4.1.2 for slab-on-girder systems:

ne shorter by

a total depth

The slab panel should be divided, in both directions, into central and border regions. The central region should
be the central half of the panel, and the border regions should be two one-quarter regions adjacent on both
sides of the central region; see Figure 61.
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Figure 61 — Central and border regions for two-way slabs supported on girders, beams

7.5.8.2 Factored flexural moment

The factored
procedure s
panel, in ea
central pane
the long spa
moments sh
correspondin

The negative

direction; se¢ Figur&:62.

ion

or structural.concrete walls

positive and negative momeént,” M,,, for two-way solid slabs should be calculated using the
ecified in 7.5.8.2. The negative and positive factored flexural moment for the central region ¢f the
ch direction, should be c¢alculated in accordance with the Equations specified in Table 13 for
s, in Table 14 for edgé panels with the short span at the edge, in Table 15 for edge panel$ with
n at the edge and in-Table 16 for corner panels. In each table, the values of the factored flgxural
buld be derived forthe appropriate ratio, g, of long clear span, /,, to short clear span, /,, and the
g edge continuity/conditions.

e moment ‘at discontinuous edges should be one-third of the positive moment in the fame
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Key

1 d|scontinuous edge

2 value of the negative moment at the discontinuous edge
3 moment diagram

4 epd slab span

Y

Figure 62 — Negative moment at discontinuous edges of two-way solid slabs-on-girders
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It should be permitted to decrease the moment strength values at the edge of the central regions to one-third
of this value at the edge of the panel, as shown in Figure 63 for moments in the short directions and in
Figure 64 for moments in the long direction.

M=/3

Key
1 variation gf M 5 along /,
2 variation gf M 5 along [,
3 variation qf M along I,

T

gure 63 — Variation of moment, M/, across the width of critical design sections,
for two-way slabs supported on.girders, beams or structural concrete walls
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Figure 64 — Variation of moment, 1/, across the width of critical design section
for two-way slabs supported on girders, beams or structural concrete walls

Table 13 — Central panel of two-way slabs supported on girders, beams or structural concrete walls

Short direction Long direction
Panel span ratio by Ly
=1l
=il Negative Positive Load Negative Positive Load
moment moment fraction moment moment fraction
1.0 - ‘Iu'lg + ‘Iu'lg =0,50 — ‘Iu'lg + ‘Iu'lg =0,50
, My (-2 Mp=21-2 a, =0, My =24-b Mg = a, =0,
22 42 22 42
2 2 2 2
1,2 Ma—:qu-la M;:una aa:O’67 Ml;:qu'lb Mg:unb ab:0’33
16 30 35 60
2 2 2
1.4 M;:%'la M;-:qu'la a,=0,80 Mg:q“'lb Mg:q“ Ip o, =0,20
14 25 50 100
5 17 L MT_’IU"S T=0871—7 g1 T—4elb a =013
’ 27713 a7 2 v b= "85 b =445 o
18 - ‘Iu'lg + ‘Iu'lg =092 — ‘Iu'lg + ‘Iu'lg =0,08
) M, Mg =—7% =0, My =42 Mg =142 a,=0,
12 20 135 225
20 - ‘Iu'lg + ‘Iu'lg =094 ‘Iu'lg + ‘Iu'lg =0,06
, My =212 Mp=21-2 a, =0, p =42 Mg =24"b a, =0,
11 18 170 340
2 2 :
- qyu-lj +_qu-lj -1.00 Temperature and shrinkage —-0.00
>20 Ma ==2% Ma="15 %= reinforcement %=
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la

1 1
J J
» by .-
Figure 65 —+ Central panel of two-way slabs supported on girders, beams or structural concrete walls
Table 14 —|Edge panel with /, parallel to edge of two-way slabs supported on girders, beams or walls
Short direction Long direction
Panel spah ratio ly ly
=11l
F=lefla Negative Positive Load Negative Positive Load
moment moment fraction moment moment fractioh
2 2 2 2
1,0 M;:% M;:% 2, =0,67 Mgz% Mg:% o, = 0,43
qu-12 gy S qu-1? gy 12 )
1,2 M;:% MQ:% a,=0,80 Ml;:lg_ob Mg:lzs—sb a,=0,40
2 2 2 2
1,4 M;:% M;:% a,=0,88 ME:% Mg:q1u1'(l)b a,=0,12
2 2 2 2
1,6 M;:% M;:% a,=0,93 ME:% Mg:% a, =0,497
2 2 2 2
1,8 M;:% M;:% a,=0,95 Ml;:% Mg:% @, = 0,45
qu-13 qu-l3 qu15 qulp
2,0 M;:% M;:% a,=0,97 Mgngob Mg:;TOb a,=0,03
2 2 :
- _qy-lj +_qu-lj -1.00 Temperature and shrinkage —-0.00
>2,0 Mq = 10 Ma = 16 %= b reinforcement %=
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Table 15 — Edge panel with /, parallel to edge, of two-way slabs supported on girders, bed

A

Y

supported on girders, beams or walls

Figure 66 — Edge panel with /, parallel to the edge of two-way slabs

ms or walls

Short direction Long direction
Panel span ratio ly by
=1l
=1l Negative Positive Load Negative Positive Load
moment moment fraction moment moment fraction
10 - ‘Iu'lg + ‘Iu’lg =0,33 — ‘Iu'lg + ‘Iu'lg =0,67
, My =42 M}=gi=a a,=0, My =24"b Mg = a,=0,
30 39 16 35
2 2 2 2
1,2 Ma—:qu~la M;-:qu-la aa:O’51 Mb—:qu~lb Mg:qu-lb ab:0,49
19 26 22 50
2 2 2 2
1,4 Ma—:qu~la M;-:qu-la aa:0’66 Mb—:qu~lb Mg:qu-lb ab:0,34
15 20 32 70
- qu'lg + ‘Iu'lg =077 — qu'lg +_4qulp =023
1,6 M, =142 My =12 a, =0, My =142 My = o, =0,
12 17 50 100
18 - ‘Iu'lg + ‘Iu'lg =0,85 — ‘Iu'lg + ‘Iu'lg =0,15
, My =12 M}=24-2 a,=0, My =-Lb Mg = a,=0,
11 15 70 150
2 2 2 2
2,0 pg=dula | gy _duls |00 go duld | oy duls Hg =008
10 14 ® 100 ® 200
2 2 ;
- _qyu-l3 +_qy-li —1.00 Temperature and shrinkage —-0.00
>2,0 Ma=—3 Ma == %= reinforcement %=
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la

- ‘b -
Figure 67 — Edge panel with /, parallel to edge of two-way slabs supported on girders,beams or walls
Table 16 — Corner panel of two-way slabs supported on girders, beams or structural concrete walls
Short direction Long.direction
Panel spah ratio Iy Ly
=11l
F=lefla Negative Positive Load Negative Positive Load
moment moment fraction moment moment fractioh
2 2 2 2
1.0 M; :% M :‘lu?)% ;=050 |y :% M- qu3'1’b o = 0,50
__quld «_quld — 067 __qulf . _quld -033
"2 Ma="Tg | Ma="gg | | MomTgp | Mo | T
2 2 2 2
14 Ma‘:% M;:% a,=0,80 Ml;:% Mg:qu7'01b a, = 0,20
2 2 2 2
16 Ma‘:% M;:% a, = 0,87 Ml;:% Mg:q$6éb a, = 0,13
2 2 2 2
18 M = qu1.1la M;:qﬂ;sla 2,=092 | Mg - q1uz'(l)b Mg:q:].lé(l)b o, = 0,08
Qo 1z qu-13 qulp qu15
2,0 My :% M} = % a,=096 [ pp = ;JTSb Mg = ;T()b o, =0,04
2 2 .
- _qy-lj +_qu-lj -1.00 Temperature and shrinkage —-0do
>2.9 Ma="3 Ma="1 %= h reinforcement %=
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Figure 68 — Corner panel of two-way slabs supported on girders, beams or structural cor

7.5.8{3 Longitudinal flexural reinforcement

7.5.8{3.1 Positive flexural reinforcement

In the central region of the slab panel, the positive flexural reinforeement should be determined

valugs of the factored positive flexural moment derived fromcthe appropriate equations specified
to 16 The positive flexural steel ratio, p, for reinforcement parallel to the short span, L,, or the |
should be determined using Equations (27) or (29)for the corresponding value of M}
newtpn-metres per metre. M, and M should be converted to newton-milimetres
(1 N-m/m = 103 N-mm/m), using d expressed in millimetres and » = 1 000 mm. All the provision
flexural reinforcement specified in 7.5.3.3 should be met. At a distance equal to /,/8 or /,,/8 meas
face [of any interior support, it should be permitted to suspend up to one-half of the pos
reinfgrcement required at the centre of-‘the corresponding span. No suspension of pos
reinfgrcement perpendicular to a discontinuous edge should be permitted. It should be permitteg
gradyally the positive flexural reinforcement required at the central region, from the edge of the c

to orje-third of this value at the .edge of the panel, but not below the value required for s
tempgrature; see Figure 69.

7.5.8/3.2 Negative flexural reinforcement

At th¢ supporting edges/of the central region of the slab panel, the negative flexural reinforceme

deterfmined based o the values of the factored negative flexural moment derived from the
equalions specified' in Tables 13 to 16. The negative flexural steel ratio, p, for reinforcement p
short|span, /;,~or the long span, /,, should be determined using Equations (27) or (29) for the ¢
valug of <M, or M, expressed in newton-milimetres. M, and M, should be q
newtpn-millimetres per metre (1 N-m/m = 103 N-mm/m), using d expressed in millimetres and b

;

crete walls

based on the
in Tables 13
bng span, /,,
or My in
per metre
5 for positive
ired from the
itive flexural
itive flexural
to decrease
ntral regions
rinkage and

nt should be

appropriate
arallel to the
brresponding
onverted to
=1 000 mm.

All the provisions for negative flexural reinforcement specified in 7.5.3.4 should be met. At a dist

nce equal to

1,15 or [,/5 measured from the face of any interior support, it should be permitted to suspend up to one-half of
the negative flexural reinforcement required at the support. At a distance equal to /,/3 or /,/3 measured from
the face of any interior support, it should be permitted to suspend all the negative flexural reinforcement

required at the support of the corresponding span. It should be permitted to decrease gradually

the negative

flexural reinforcement required at the central region, from the edge of the central regions to one-third of this
value at the edge of the panel, but not below the value required for shrinkage and temperature; see Figure 69.
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Dimensions in millimetres

2 L 2 A
[,,/3? 3
1 1,/3° - 9737 BEEN 1
B = l,,/5 B o (,3/5
L/ b (/5 B /S| e los/b
- - o <> o -
(I RN ey Sy Y e ) B AR ) S|
f i X
(=] (=] (=)
l,,/8
LA S i = - | | (/8

| [a1 | | [aZ | | [a3 o 3

3 5

negative reinforcement at the interior face of an external support without continuity’
negative reinforcement at the faces of interior support for more than two spans

positive rdinforcement in the other direction (negative reinforcement not shown)
positive rdinforcement of the interior span

Figure 69

1
2
3 positive rginforcement end span
4
5

Negative feinforcement cut-off points should be based upon the greater of the two neighbouring spans.

walls

7.5.8.4  Shear verification

The factored
the values o

specified in

— Reinforcement for two-way slabs supported by girders, beams, or structural concrete

shear, ¥, of the slab at the faces of the supporting elements should be determined emplpying
f the load fractions, a, and-¢,, transmitted in the short and the long direction, respectively, as
Tables 13 to 16 for the.Corresponding panel edge conditions and panel span ratio, f see

Figure 70. The factored shear should not be less than the factored shear caused by factored design loagd, ¢,

expressed ir

corner of the

104

3 - qu-la- by

aa'qU-[a'[b

newtons per squaré metre, acting on a tributary area bounded by 45° lines drawn from the
panel and the €entreline of the panel parallel to the long span; see Figure 71.

Figure 70 — Fraction of the total load in the panel transmitted in each direction
in two-way slabs supported on girders, beams or structural concrete walls
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453

(V4

[}
Y
la

51

The

Equation (86) at the short span supporting element:

and f]

The
b =

w
effec

Equations (88), (89) and (90):

Figure 71 — Tributary areas for minimum shear at the supports of
two-way slabs supported on girders, beams or structural concrete walls

actored shear, V|, expressed in newtons per metre, should not be less than the value

a-qy-l -l
, =2 qu bZQU a
2 4

rom Equation (87) at the long span supporting element:

2
=% dula e la
2 2 4.1

design shear strength, ¢-V,, should “be calculated in accordance with Equati

ive depth, d, expressed in millimetres,for the slab equal to or greater than the largest value

= 3-qu-@a-la

NA

5 3 9u % lb

A

> 3"1u'la

/2.¢.\/ﬁ

derived from

(86)

(87)

bn (52) with

b =1 000 mm. There should be complianee-with Equation (50). This should be accomplished by using an

derived from

(88)

(89)

(90)

In Eq

uations (88) to (90), ¢,, should be expressed in newtons per square metre, /, and /,, should pe expressed

in mefres, Jf¢ should be expressed in megapascals, and ¢ =[0,85]; (see 6.3.3 d).

7.5.8

.5 Calculation of the reactions on the supports

The uniformly distributed factored reaction, r,,, expressed in newtons per metre, on the support contributed by
any panel of the two-way slabs in the short direction should be the value derived in accordance with
Equation (91), and in the long direction, with the value derived from Equation (92):
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where

/

Iyand [

is the corresponding factored shear, expressed in newtons per metre, from Equation (86) or

(87);
is the centre-to-centre span, expressed in metres, in that direction;

are the corresponding clear spans, expressed in metres.

(92)

where the va

Total factore
value of the
Equation (91
Total factore

distributed reactions, r,, derived using either Equation (91) or (92), as appropriate, for both neighbg

spans at thaf
7.6 Girde

7.6.1

The design g
provisions af
that are part

7.6.2 Design load definition

7.6.21 Ld

The design |

The gravity I¢pads that should be included in-the design of the element should be divided in tributary loadg

other structu
being design
provisions of

7.6.211

The reaction

Gengdral

riables are the same as for Equation (91).

d uniformly distributed reaction on the external supports of edge panels should be equal f
factored uniformly distributed reaction, r,, from the panel at the edge support,~derived
or (92), plus the uniformly distributed reaction of any cantilever spanning ffom that su
H uniformly distributed reactions on internal supports should be the sum of the“factored unif

support.

I's, beams and joists

f girders, beams and joists should be performed in ac€ordance with the requirements of 7.6
ply to isolated beams, to girders, beams and joists.that are part of a floor system and to g
pf a moment-resisting frame supported on columiis or concrete structural walls.

ads to be included
pad for girders, beams and jaists should be established in accordance with the provisions @
ral elements supported by the element being designed and loads applied directly on the elg

ed. Adjustments for the -effects of lateral loads should be performed in accordance wit
7.8.

ributary loads

5 from other structural elements supported by the girder, beam or joist should consider

o the
from
bport.
brmly
uring

. The
rders

f7.2.
from
ment
h the

a) dead |

o)
standinJ

ds;hincluding the selfweight of the supported structural elements, the loads caused by fl

and

non-structural elements and the loads from any fixed equipment carried by these supported

elements, and

b)

7.6.2.1.2

live loads applied on the supported elements.

Loads carried directly by the beam, girder or joist

Loads carried directly by the beam, girder or joist should consider

a) dead loads, including the selfweight of the structural element, and the flat and standing non-structural
elements, and fixed equipment loads, applied directly on the element, and

b) live load

106

s applied directly to the element being designed.
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7.6.2.2 Factored design load

7.6.2.21 Factored design load for loads carried directly by the element
Factored design load for loads carried directly by the element should be in accordance with the following.

a) For uniformly distributed loads carried directly by the girder, beam or joist, the value of the uniformly
distributed factored design load, w, expressed in newtons per metre, should be the greater of the values
derived by combining wy and w, in accordance with Equations (3) and (4). If the girder, beam or joist, is
part of a roof system, Equations (5) and (6) should also be investigated, choosing the greatest of the
values from all four equations.

b) tor all concentrated loads carried directly by the girder, beam or joist, the value of any’concentrated
ctored design load, p,,, expressed in newtons, should be the greater of the values derived by combining
g @nd p; using Equation (3) and (4), for each concentrated load locations in the girder,"beam or joist span.

7.6.2|]2.2 Factored reactions from supported structural elements
Factqred reactions from supported structural elements should be in accordance-with the following,.

a) The largest factored uniformly distributed reaction, r,, expressed, in_newtons per metre, frorp all tributary
$tructural elements should be obtained.

b) FKor concentrated loads, the largest factored concentrated:reactions, R, expressed in newfons, from all
the supported structural elements should be obtained foerrall concentrated load locations |n the girder,
beam or joist span.

7.6.2|12.3 Total factored design load

Total|factored design load should be in accordange with the following.

a) The total factored uniformly distributed.load 7, expressed in newtons per metre, should be the sum of
the values derived for factored uniformly distributed loads, w,, in accordance with 7.6.2.2.1 and reactions,

f,» in accordance with 7.6.2.2.2,
b) For all concentrated load joc¢ations in the girder, beam or joist span, the total factored concgntrated load,

P, expressed in newtons, should be the sum of the values obtained for factored concentrafed loads, p,,,
in accordance with 7¢£6.2:2.1 and reactions, R,, in accordance with 7.6.2.2.2.

7.6.3| Details of reinforcement

7.6.3|1 General

For the purposes of this International Standard, the reinforcement of girders, beams and joists [should be of
the types described and should be in accordance with the provisions specified in 7.6.3.2 to 7.6.3.9.

7.6.3.2 Transverse reinforcement

7.6.3.2.1 Description

Transverse reinforcement for girders, beams and joists, should consist of stirrups that surround the
longitudinal reinforcement and are placed perpendicular to the longitudinal axis of the element at varying
intervals along the axis. The stirrup should consist of single or multiple vertical legs. Each vertical leg should
engage a longitudinal bar either by bending around it when the stirrup continues, or by the use of a standard
stirrup hook (see 7.3.6) surrounding the longitudinal bar at the end of the stirrup; see Figure 72. Under the
present provisions, all stirrups in girders and beams should be closed stirrups with 135° hooks, as shown in
Figure 72 (a). In joists, it should be permitted to employ all the stirrup types shown in Figure 72.
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7.6.3.2.2 Minimum transverse reinforcement area
The minimum area, 4,, of shear reinforcement within a distance, s, should comply with the provisions of

7.3.13.4.4. The value of 4,, corresponds to the product of the area, 4, of the bar of the stirrup multiplied by
the number of vertical legs of the stirrup.

7.6.3.2.3 Maximum and minimum spacing of stirrups

Stirrups should not be spaced further apart than permitted in accordance with the provisions of 7.3.13.4.4, nor
should they be placed closer than permitted in accordance with the provisions of 7.3.7.2.

jelojejuing

Figure 72 — Typical stirrup shapes

h) i)

7.6.3.24 tirrup leg splicing
It should not jpe permitted to lap-splice bars that are part of stirrups.
7.6.3.2.5 anger reinforcement

Where beamis are supported by other girders or beams of similar height, special hanger reinforcement stjrrups
should be prpvided as permitted in accordance with the provisions of 7.6.4.5.4.

7.6.3.2.6 upport of stirrups

Stirrups shoyld be attached and anchored in the/upper part of the section to longitudinal negative supprting
bars in order|to avoid the stirrups falling during-the casting of the concrete; see 7.6.3.4.10.

1 2

gt aal
il T

L

N /A
L 3
Key
1 negative flexural reinforcement 3 stirrup separation, s
2 stirrup supporting bars 4  positive flexural reinforcement

Figure 73 — Typical stirrups spacing along the girder, beam or joist
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7.6.3.3 Positive flexural reinforcement

7.6.3.3.1 Description

Positive flexural reinforcement should be provided in the lower part of the girder, beam or joist section, in
accordance with the provisions of 7.6, and should comply with the general provisions specified in 7.6.3.3, and
the particular provisions for each element type as specified in 7.6.4 or 7.6.5.

7.6.3.3.2 Location

Positive flexural reinforcement should be provided longitudinally in the girder, beam or joist. Positive flexural
reinforcement should be located as close as permitted by the concrete cover provisions (see.7}3.4.1) to the
bottom surface of the girder, beams or joist. The amount of positive flexural reinforcementyshould be that
required to resist the factored positive design moment at the section. Where girders, beams pr joists give
suppgprt to other girders, beams or joists, the positive flexural reinforcement of the supported el¢ement should
be placed on top of the positive flexural reinforcement of the supporting element.

7.6.3|13.3 Minimum reinforcement area

Positjve flexural reinforcement should have an area at least equal to the area specified by 7.3]9.3.1. There
should be compliance with minimum number of bars specified by 7.6.3.6'

7.6.313.4 Maximum reinforcement area

Positjve flexural reinforcement area should not exceed the values specified in 7.3.9.3.2.

7.6.3|3.5 Minimum and maximum reinforcement separation

Positjve flexural reinforcement should not be spaced closer than permitted by the provisions of 7.3.7.2 and
7.6.3]5. The maximum reinforcement separation should be in accordance with 7.6.3.6. When [two or more
layers of positive reinforcement are employed, the layers should not be placed closer than permitted by the
provisions of 7.3.7.3.

7.6.3|3.6  Cut-off points
It shquld be permitted to suspend, at the locations specified in 7.6.4.5 or 7.6.5.5, no more than ope-half of the
positive flexural reinforcement required to resist the corresponding factored design positive moment at mid-
span

7.6.3{3.7 Reinforcement splicing

It should be-pefmitted to lap-splice the remaining positive flexural reinforcement as specifieq in 7.6.3.3.6
betwgen the~cut-off point and the opposite face of the support.

7.6.3.3:83— Embedment at Interior SUpports

Positive flexural reinforcement suspended at an interior support should be embedded by its continuation to the
opposite face of the support, plus the distance required to be in accordance with the lap splice provisions as
specified in 7.3.8.2.

7.6.3.3.9 End anchorage of reinforcement

Positive flexural reinforcement at the end of the girder, beam or joist should extend to the edge and should
end with a standard hook.
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7.6.3.3.10 Positive flexural reinforcement acting in compression

Positive flexural reinforcement acting in compression should be surrounded with stirrups or ties in accordance
with the provisions of 7.3.10.3.2.

7.6.3.3.11 Minimum diameter of longitudinal reinforcement

Longitudinal bars of beams and girders should have a nominal diameter, d,), of at least 12 mm.

7.6.3.4

Negative flexural reinforcement

7.6.3.41 I
Negative fle
edges and s
accordance

76342 |
Negative fle
reinforcemer
upper surfac
reinforcemer
reinforcemer]
reinforcemer]

7.6.3.4.3

Negative flex
7.3.9.3.1. Th

7.6.34.4
Negative flex

7.6.3.4.5

Negative fle
maximum re
negative rein

Description

Lipports, in the amounts and lengths in accordance with the provisions of 7.6, and’should
vith the general provisions of 7.6.3.4 and the particular provisions of 7.6.4 or 7.6.5.

L ocation

ural reinforcement should be provided at edge and intermediateysupports. Negative fle
t should be located as close as permitted by the concrete covér provisions (see 7.3.4.1) t
b of the girder, beams or joist. At supports where girders or beams intersect, the negative fle
t of the elements with the larger span should be located above the negative fle
t of the intersecting element with the shortest span:” The amount of negative fle
t should be that required to resist the factored negative design moment at the section.

Minimum reinforcement area

ural reinforcement should have an area at.least equal to the area specified by the provisig
ere should be compliance with the minimunT number of bars as specified by 7.6.3.6.

Maximum reinforcement area

ural reinforcement area shouldnot exceed the values specified in 7.3.9.3.2.

Minimum and maximum reinforcement separation

ural reinforcementyshould not be spaced closer than as specified by 7.3.7.2 and 7.6.3.5
inforcement séparation should be in accordance with 7.6.3.6. When two or more layg
forcement are.employed, the layers should not be placed closer than permitted by the provi

of 7.3.7.3. N

7.6.3.4.6

gative reinforcement of T-beam construction should be in accordance with 7.6.3.8.1.

ut<off points

ural reinforcement should be provided in the upper part of the girder, beam or joist/sectipn, at

be in

xural
o the
xural
xural
xural

ns of

The

rs of
Sions

It should be permitted to suspend the negative flexural reinforcement, except for cantilevers, at the locations
specified in 7.6.4.5 or 7.6.5.5. Where adjacent spans are unequal, the cut-off points of the negative flexural
reinforcement should be based on the provisions for the longer span.

7.6.3.4.7

Reinforcement splicing

It should not be permitted to lap-splice negative flexural reinforcement between the cut-off point and the

support.

110

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

7.6.3.4.8

ISO 15673:2005(E)

End anchorage of reinforcement

Negative flexural reinforcement at the end of a girder, beam or joist should be anchored employing a standard
hook into the edge girder, beam, column or structural concrete wall that provides support at the edge, in
accordance with the anchorage distance specified by 7.3.8.3. At the external edge of cantilevers, negative

flexu

7.6.3.4.9

ral reinforcement perpendicular to the edge should end in a standard hook.

Negative flexural reinforcement acting in compression

Negative flexural reinforcement acting in compression should be surrounded with stirrups or ties in

acco

7.6.3

In th

nega

shou
bars

7.6.3

The maximum number of longitudinal bars in a layer should be determined for the longitudinal ar
reinfg

rdance with 7.3.10.3.2.

4.10 Negative reinforcement for support of stirrups

live reinforcement should be provided for attachment and anchorage of stirrups:;The diamet

B length equal to or greater than 150 mm.

5 Maximum number of longitudinal bars in a layer

e distance along the span of the girder, beam, or joist between negative reinforeement ¢

d be equal to or greater than the bar diameter of the stirrups. It should be ,permitted to lap

ut-off points,
pr of the bars
-splice these

d transverse

rcement bar diameters, the appropriate concrete cover {see 7.3.4), the maximum nominal coarse
aggregate size and the minimum clear spacing between bars(see 7.3.7). When these computa

tions are not

performed, it should be permitted to employ the provisions of7:6.3.5.1 to 7.6.3.5.3.
7.6.315.1  Girders and beams with 5, > 300 mm
For girders and beams whose width, b, is greater'or equal to 300 mm it should be permitted to determine the
maximum number of bars in a layer in accordance with Equation (93)
bw
Vp <———-3 93
® =50 (93)

wherg

b, s the girder or beam 'width, expressed in millimetres; see Table 17;

IV, is the number of bars in a layer.
7.6.315.2 Girders-and beams with 5,, < 300 mm
Three longitudinal bars should be permitted for girders and beams whose width, b,,, is less than{300 mm and

equa

width,

©1S0

to or greater than 250 mm. Two longitudinal bars should be employed for girders and b
by, 18 less than 250 mm; see Table 17.

eams whose

Table 17 — Maximum number of longitudinal bars in a layer for girders and beams

Beam web width Maximum number of

by, longitudinal bars
mm N,
b,, <200 section not permitted
200 < b,, < 250 2
250 < b, <300 3

300 < b,,
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7.6.3.5.3

Joists

The maximum number of longitudinal bars in joists should be one for web widths, b,,, equal to or less than
150 mm (see Figure 49), but it should be permitted to bundle in contact up to two bars one located on top of
the other. For web widths greater than 150 mm and less than 200 mm, the maximum number of bars in a
single layer should be two, and it should not be permitted to bundle them. For web widths equal to or greater
than 200 mm, the maximum number of bars in a single layer should be one more than those allowed for
girders and beams as specified in 7.6.3.5.1 and 7.6.3.5.2.

7.6.3.6  Minimum number of longitudinal bars in a layer
To minimize ﬂ_l_k_dm_l_l_t—l_l—b_r_n_d_lqexura cracking widih at points ol maximum moment, a larger number of smaller-diameien bars
should be ermployed rather than a small number of large-diameter bars. For joists, the minimum number of
longitudinal bars should be one. There should be compliance with the provisions specified in 7.6.3.6.1 and
7.6.3.6.2 at $ections of maximum positive and negative moment for girders and beams whose width, b,,, is
equal to or greater than 300 mm. For girders and beams with b, less than 300 mm, the minimum number of
longitudinal bars should be two.
7.6.3.6.1 [Exterior exposure
The minimum number of longitudinal bars in a layer that is employed for girders"and beams that are exgosed
to earth or weather should be equal to or greater than the value derived from®Equation (94):
b\
Ny = —f~ 94

*~1do 4
where b,, is the girder or beam width, expressed in millimetres.
7.6.3.6.2 Interior exposure
The minimum number of longitudinal bars in a layer that is employed for girders and beams that arg not
exposed to earth or weather should be equal to-orgreater than the value derived from Equation (95):

b
Np=>—1 95

b= 20p (83)
where b,, is the girder or beam width,/expressed in millimetres.
7.6.3.7  Skin reinforcement
If the effectiie depth, @, )of a girder, beam or joist exceeds 800 mm, longitudinal skin reinforcement shodld be
uniformly digtributed;along both side faces of the member for a vertical distance equal to d/2 nearegt the
flexural tensipn reinforcement. The vertical spacing, s, expressed in millimetres, between the bars shoyld be
derived in accérdance with Equation (96), but it should not exceed d/6 or 300 mm; see Figure 74.

_ 1000- 4 (96)

d-750
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Figure 74 — Skin reinforcement for girders, beams and joists with 4 > 800 mm

7.6.3|18 Reinforcement in flanges of T-beams

For dirders and beams that are shaped as T-beams, except joists, with a flange or slab in the u
provisions specified in 7.6.3.8.1 and 7.6.3.8.2 for the reinforcement located in the flange should
When the girder or beam is part of a slab-on-girder system, the reinforcement in the flange shou
than that required for the slab.

7.6.318.1 Distribution of negative flexural reinforcement in flanges of T-beams

Whete the flanges of T-beam\construction are in tension, negative flexural reinforcement in the d
beanm should be distributed over a width equal to the smaller of the effective flange width defined
one-tenth of the span of\the beam. If the effective flange width specified in 7.3.11.6 exceeds on
span| the rest of theleffective flange width should have reinforcement in the direction of the bea
greater than the shrinkage and temperature reinforcement for the slabs specified in 7.3.9.2.1; s
In thig case, the provisions of 7.6.3.5 should not apply.

per part, the
e employed.
d not be less

irection of the
n7.3.11.6 or
Ktenth of the

equal to or
be Figure 75.
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2  minimum
3 transverseg
4 clear canf
width or fy
5 beam neg
6 shrinkage
7.6.3.8.2 1
In the top of

negative moment derived from Equation (70), using a value of /,, equal to the overhanging portion of the f

width specifi
specified in 7
in slabs in ag

7.6.3.9
In girders an

Joists and be

Girder and beam reinforcement in seismic zones

2005(E)
1
Ao 3
Co 1 0 _' ! . '_ 0 = 0 g =
/ "
6 ©
Y / L
5
istribution of negative flexural reinforcement in tension

pf the effective flange width or one-tenth of the beam span
reinforcement calculated on the assumption that the flange acts as a cantjlever

lever span for obtaining transverse reinforcement, equal to the overhanging portion of the effective
Il overhang for isolated T-beams

ative flexural reinforcement in tension
and temperature reinforcement outside of the width for the distribution of negative reinforcement

Figure 75 — Reinforcement in flanhges of T-beams

ransverse flange reinforcement
the flange, reinforcement perpendi¢cular to the beam should be provided to resist the fag
pd in 7.3.11.6, and for isolated*T-beams the full width of overhanging flange or the flange

.3.11.6. This reinforcementshould comply with the provisions for negative flexural reinforcs
cordance with 7.5.3.4;.seeFigure 75.

ams thatare not part of a frame are exempt from the additional seismic provisions.

7.6.4 Joist

5 ‘and beams supported on girders

lange

tored
ange
width
ment

d beams supported directly on columns and structural concrete walls that are part of a moment-
resisting frame located in'seismic zones, reinforcement should comply with the additional requirements @

f 7.8.

7.6.4.1

General

The provisions of 7.6.4 cover joists and beams that are supported on girders and are cast monolithically with
them. Two-way joist systems or waffle-on-beams systems, as specified in 7.4.1.3.4, are covered and should
be in accordance with the general provisions of 7.4.

7.64.2 Di

mensions

The following provisions for dimensions should be observed.

114
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7.6.4.21 Joists

In addition to the appropriate provisions of 7.6, joists should be in accordance with the general dimensional
provisions as specified in 6.1 and the particular provisions specified in 7.4.1.3.1. The minimum allowable
depth should be in accordance with 7.4.5.3 for one-way joists and with 7.4.5.4 for two-way joists.

7.6.4.2.2 Beams

In addition to the appropriate provisions of 7.6, beams supported on girders should be in accordance with the
general dimensional provisions of 6.1 and the particular provisions of 7.4.1.2. The minimum allowable depth
should comply with 7.4.5.3. The width, b,,, of the web of beams should not be less than 200 mm. The spacing
betwgen Tateral supports of Isolated beams should not exceed b0 times the least widih, b, of the [compression
flangg or face.

7.6.4/2.3 Cantilevers of joists and beams

All cantilevers of joists or beams should be the external continuation of an element that spans between
suppgprts provided by beams, girders or structural walls. No double cantilever should be permitted

7.6.4/3 Factored flexural moment

7.6.4/3.1 Cantilevers of joists and beams supported on beams; girders or walls

The factored negative flexural moment, M, for beam and.joist cantilevers that span beyopd the edge
suppgrting girders, beams or structural concrete walls, should be calculated on the assumption [that one-half
of the distributed factored load, #,,, acts as a concentrated load at the tip of the cantilever glong with all
concentrated loads that act on the span of the cantilever, £P,, and the other one-half acts a$ a uniformly
distributed load over the full span, in accordance with Equation (97), but it should not be less than the factored
negative flexural moment of the first interior span-at'the exterior supporting girder, beam or structural concrete
wall, hor less than one-third of the positive moment, in the same direction, of the first interior span.

3w, -12
vy =2l S, (97)

wherg /, is the clear span, expressed in metres, of the cantilever, 7, is expressed in newtons pgr metre, P,
is expressed in newtons, and M, is expressed in newton-metres.

7.6.4/3.2 One-span-joists and beams supported on beams, girders or walls

The factored positive and negative flexural moment, A,,, expressed in newton-metres, for onetspan beams
and ¢ne-span_ene-way joists should be calculated using Equation (98) for positive movement at|the supports
and Equation(99) for negative movement at the supports:

0 W12 1,
i +_.Zpu (98)

" 8 4

where /,, is the clear span, expressed in metres, of the beam or joist, /7, is expressed in newtons per metre,
and ZP is expressed in newtons.

_ w1
My ==L, 0% p 99
YT 24 16 &~ (%)
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7.6.4.3.3 Joists and beams supported on beams, girders or walls with two or more spans

The factored positive and negative flexural moment, /,,, expressed in newton-metres, for beams and one-way
joists supported on beams, girders or structural walls should be calculated in accordance with Equations (100)
to (105):

a) For positive moment at end spans:

2

+_ Wy Iy I
M} _T+3.ZPU (100)

where [ is the clear span, expressed in metres, of the beam or joist, 17, is expressed in newtons pef-metre,
and ZP is expressed in newtons.

b) For posifive moment at interior spans:

=

12
YR LR o 101
u 16 5 ! )

c) For negative moment at supports at the interior face of external supports:

R ARVERN
M;="4"N",N.Np 102
“ 124 16 u )
d) For negative moment at the exterior face of the first internal support for only two spans:
M—Jﬂﬂ_“-ZP 103)
u 9 6 u
e) For negative moment at the faces of internal supports for more than two spans:
M—:Eﬂﬂ—".ZP 104)
“ 110 7 u
f)  For negative moment at the faces-of all supports for joists with spans not exceeding 3 m:
! 12 8 -

7.6.4.3.4 Use of frame analysis for joists and beams supported on beams, girders or walls

It should be permitted to use a frame analysis for obtaining the factored moment and shear as a substitute for

4

the values derived—n—accordance—with— 7643+ to 7.6.4.3.3, and—7F6441+to 7.6.4.4.3, if—the fu“uWing
provisions are met.

a) The analytical procedure should be based on established principles of structural mechanics.

b) The procedure should take into account equilibrium, compatibility of deformations, general stability and
short- and long-term material properties.

c) The analytical procedure should take into account the flexibility of the supports and the interaction
between flexure and torsion of the supported and supporting elements.

d) The modulus of elasticity of concrete should be permitted to be taken as E. =4 500,/ /¢, expressed in
megapascals.
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e) The use of any set of reasonable assumptions should be permitted for computing relative flexural and
torsional stiffness of the structural elements. The assumptions adopted should be consistent throughout
the analysis.

f) The span length should be taken as the distance centre-to-centre of the supports, but it should be
permitted to obtain the factored moment and shear at the faces of the supports.

g) It should be permitted to assume that the arrangement of live load is limited to combinations of factored
dead load on all spans with full factored live load on two adjacent spans and factored dead load on all
spans with full factored live load on alternate spans.

7.6.4[3°5 Two-way joists supported on beams, girders or walls

It should be permitted to obtain the factored moment for two-way joists supported op,‘beams, girders or
strucjural walls in accordance with 7.5.8.1 and 7.5.8.2, except for the minimum depth ofithe’suppprting beams
or girders in accordance with the provisions of 7.5.8.1 c); see 7.4.1.3.4.

7.6.4|4 Factored shear

7.6.4/4.1 Cantilevers of joists and beams supported on beams, girders or walls

The [factored shear, V|, at the support of the cantilevers should be calculated in accgrdance with
Equation (106):

=Wy -ln+ Y Py (108)

wherg [, is the clear span, expressed in metres, of the\cantilever, 17, is expressed in newtons per metre and
IP, is expressed in newtons.

7.6.4/4.2 One-span joists and beams supported on beams, girders or walls

The factored shear, V,, expressed in newtons, for one-span beams and one-span one-way joigts should be
calculated in accordance with Equation, (107):

W“—l”+0,8~ZPu (107)

wherg [ is the clear span, expressed in metres, of the beam or joist, 7, is expressed in newtons per metre
and ¥P,, is expressed innewtons.

7.6.4]4.3 Joists and beams supported on beams, girders or walls, with two or more spanis

The factered positive and negative flexural moment, M/,,, expressed in newton-metres, for beams fand one-way
joists| supported on beams, girders or structural walls should be calculated in accordance with Equation (108)

Vy —115.%uln 4 g0. > P, (108)

where [ is the clear span, expressed in metres, of the beam or joist, 7, is expressed in newtons per metre
and ZP, is expressed in kilonewtons.

Vy =W“T'l”+o,75-ZPu (109)

where the variables are the same as for Equation (108).
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7.6.4.44

Use of frame analysis

It should be permitted to use a frame analysis for obtaining the factored shears as a substitute for the values
derived in accordance with 7.6.4.4.1 to 7.6.4.4.3 if the provisions of 7.6.4.3.4 are met.

7.6.4.4.5

Two-way joists supported on beams, girders or walls

It should be permitted to obtain the factored shear for two-way joists supported on beams, girders or structural
walls in accordance with the provisions of 7.5.8.1 and 7.5.8.4, except for the minimum depth of the supporting
beams or girders in accordance with 7.5.8.1 c); see 7.4.1.3.4.

7.6.4.5

7.6.4.5.1

The positive
appropriate

(1N-m=103
section or wh
in 7.3.11.6.
supports, at
the positive
within that d
permitted; s¢

7.6.4.5.2

The negativg
the greater
newton-millin
comply with
beam or jois
1,14 for exter

span, all th¢ negative flexural reinforcement should be permitted to be suspended; see Figure 76

suspension

Reinforcement

Positive flexural reinforcement

Negative flexural reinforcement

reinforcement area should be determined in accordance with Equations (27)cer (29), wit
value of M, derived in accordance with 7.6.4.3 converted to. Aewton-millin
N-mm), using d and b expressed in millimetres. When a slab is presentiin the upper part
en the beam or joist is T-shaped, it should be permitted to employ the T-beam effect as spe

lexural reinforcement should be permitted to be suspended if<there are no concentrated
istance. For one-span beams and joists, no suspension ©f ‘positive reinforcement shou
e Figure 76.

flexural reinforcement area should be determined in accordance with Equations (27) or (24

h the
etres
pf the
cified

The positive flexural reinforcement should comply with the provisions of 7.6.3.3. At infernal
b distance equal to /,/8 measured from the face of the supports into the span, up to one-h

alf of
oads
d be

), for

of the values of M derived from 7.6.43 for both sides of the support, convert¢d to

netres (1 N-m =103 N-mm), using d and. expressed in millimetres. This reinforcement s
the provisions of 7.6.3.4. When a slabLis present in the upper part of the section or whe|
is T-shaped, negative flexural reinforeement should comply with 7.6.3.8. At a distance eq
hal supports and /,,/3 for internal stipports, measured from the internal face of the support in

f negative reinforcement sheuld be permitted in cantilevers.

hould
h the
hal to
o the
. No

118

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

Dimensions in millimetres
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bgative reinforcement at the interior face of the external support

bgative reinforcement at cut-off points based on the greater of the neighbotring spans
bgative reinforcement of the interior support

reater of the cantilever negative reinforcement or that required for ihternal support
blice in accordance with 7.3.8.2

Dsitive reinforcement of the interior span

bsitive reinforcement of the end span

Figure 76 — Reinforcement for beams-and joists supported on beams or girderg

5.3 Transverse reinforcement

alues of 7, at the faces of theiright and left supports should be derived using the appropriate equation in
dance with 7.6.4.4. A diagram showing the shear variation within the span should be|constructed,
ng with the value of ¥ ~expressed in newtons, at the face of the left support taken as positije. The shear
eding to the rightfrom this point should be decreasing at a rate equal to [(V,)eft spipp. + (Vulright
- 2P )/, expressediin kilonewtons. At any place where a concentrated load is applied, thg value of P,
ssed in newtons) should be subtracted from the value of shear shown in the diagram at the left of the
Proceeding as-described, at the face of the left support the negative value of V,, expressed in newtons,
d be reaelled in the diagram; see Figure 77. At any place within the span, the valugl of (/-7,,) as
lated in_accordance with the provisions of 7.3.13.4 should be equal to or greater than the absolute value
x) as'shown in the graph of the calculation.

The s

r(¢-v,) as

defined in 7.3.13.4.4 should be marked in the shear diagram, and a minimum amount of shear reinforcement
in accordance with Equation (55) should be established. Appropriate values for the spacing, s, of the stirrups
should be defined for the different region within the shear diagram. A minimum practicable spacing of stirrups
in accordance with the provisions of 7.3.7.2 should be observed. The first stirrup should not be placed further
than s/2 from the face of the supporting element, s being the required spacing of stirrups at the support.
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(Vu)leﬂ supp*
[(Vu)left supp. + (Vu)right supp. 2Pu]/ln'
¢ (Vu)right supp*
Figure 77 — Calculation of the shear diagram of the beam or joist supported on beams or girde|
7.6.4.5.4 Hanger reinforcement
When a begm is supported by a girder of essentially the same depth, hanger reinforcement shou
provided in the joint. The forces from the reaction from the supported beam tend to push down the bott
the supportirlg girder, and should be resisted by fianger reinforcement in the form of closed stirrups plag
both elements in addition to the stirrups for shear; see Figure 78. The determination of the hanger reinforce

should be ma

de in accordance with the follewing.

Jre

4

m the supported beam-at the interface is less than (¢~ by, «d}, it should be permit

e hanger reinfotcement, where ¢ = [0,85]; see 6.3.3 d).
hreater that'‘one-half the total depth of the supporting girder, where A, is the vertical dis

d from-the bottom of the supporting girder to the bottom of the supported beam, it shou
d to,waive the hanger reinforcement.

rs
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bm of
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where

V, isthe shear from the supported beam at the interface;
4; is the area of the additional stirrups;

hg s the total height of the supporting girder;

fy is the specified yield strength of the steel of the stirrups;

: In QL Falills Ns WPAAY
15 [V,0J], S€T U.V.U U).

d) dditional stirrups with an area equal to or greater than 2/3 of 4; should be placed in the'supporting girder
r a distance along the longitudinal axis of the supporting girder equal to or less than the width, b,,, of the
upported beam plus %, at each side. In the computation of the 2/3 of 4;, only\the area gf legs of the
dditional stirrups that are located at the side of the supported beam should be taken into ac¢ount.

e) Additional stirrups with an area not greater than 1/3 of 4; should be placed in the supportefd beam for a
istance d/4 (where d is the effective depth of the supported beam) ‘along the longitudingl axis of the
supported beam from the face of the supporting girder.

f)  The bottom longitudinal reinforcement of the supported beéam should be placed overl the bottom
Ipngitudinal reinforcement of the supporting girder.

b+ 2hy
1 2 >2A/3 <A/B

I \\ =g \ _J_\L__ﬁ

)
Y
hy

d’k

Key

N
[%2]

ipported beam
ipporting girder

N
(2]

Figure 78 — Hanger reinforcement

7.6.4l6 — Calculation of the reactions on beams and girders

7.6.4.6.1 One-way joists

The factored reaction on the supports of joist should be permitted to be considered uniformly distributed. The
factored reaction, r,, expressed in newtons per metre, on the supports should be the value derived in
accordance with Equation (111) plus the uniformly distributed reaction from any cantilever spanning that
support. In Equation (111), ¥, is the factored shear, expressed in newtons, in accordance with 7.6.4.4; [ is the
centre-to-centre span, expressed in metres, of the joist; /, is the clear span, expressed in metres, of the joist;
and s is the centre-to-centre spacing, expressed in metres, between joists; see Figure 49.

(111)
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Two-way joists supported on beams, girders or walls

It should be permitted to obtain the required factored reactions for two-way joists supported on beams, girders
or structural walls in accordance with the provisions of 7.5.8.1 and 7.5.8.5, except for the minimum depth of
the supporting beams or girders as specified in 7.5.8.1 ¢); see 7.4.1.3.4.

7.6.4.6.3

Beams

The factored reaction, R, expressed in newtons, on the supports should be the value derived in accordance

with Equation (112) plus the factored reaction from any cantilever spanning from that support:

R, = R 112)

l]

where

V, is the factored shear, expressed in newtons, from 7.6.4.4;

[ is the centre-to-centre span of the beam, expressed in metres;

I, is the clear span, expressed in metres, of the beam.
7.6.5 Girders that are part of a frame
7.6.5.1 General
The provisiohs of 7.6.5 cover girders that are part of a moment-resistant frame where the girders arq cast
monolithically and are supported directly by columns or structural concrete walls.
7.6.5.2 Dimensions
7.6.5.21 General
In addition tg the appropriate provisions(of) 7.6, girders that are part of a frame should comply with the ggneral
dimensional provisions as specified in\6!1 and the particular provisions for beams spanning between colimns
as specified [n 7.4.1.
7.6.5.2.2 Girder depth and width
The girder should be prismatic without haunches, brackets or corbels. The height, #, should comply with the
minimum thi¢gkness asspecified in 7.4.5.3. The clear span of the member should not be less than four fimes
its height, #. [The width-to-height ratio, b,,/i, should not be less than 0,3. The width, 5, should not be lesq than
200 mm, no pore than the W|dth of the supporting column (measured on a plane perpendlcular tp the
Iongltudlnal &

height, 4, of the g|rder see Flgure 79.

122
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7.6.5
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shou
havin
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7.6.5

In gin
laterd

? b6

estrictions on 4:  equal to or greater than the minimum of the values.calculated in accordance with 7
<[ /4

estrictions on b,,; > 200 mm
>0,3-4h
<b,+15:h

Figure 79 — Limits on girder depth and width

2.3 Girders supported by structural concrete walls

all is located in the plane of-the frame. The width of the girder should not be less than the
all. When girders are supperted by walls perpendicular to the longitudinal axis of the girg
d be provided with a beam that runs along the full horizontal length of the wall at the sa
g the same depth of-the’girder. The width of the beam should not be less than either the thi
r 200 mm. Vertical reinforcement of the wall should pass through the girder or beam as spe

2.4 Lateral support

ders that>are not laterally supported by the floor slab or secondary beams, the clear dista
| supports should not exceed 50 times the least width, b, of compression flange or face.

4.5.3;

rs supported by structural conerete walls should continue along the full horizontal length of the wall when

thickness of
er, the walls
me level and
ckness of the
cified in 7.9.

nce between

7.6.5

.2.5 Special provisions

The following restrictions should be in effect for girders of frames designed in accordance with 7.6.5:

a) There are two or more spans.

b) The spans are approximately equal, with the larger of two adjacent spans not greater than the shorter by
more than 20 % of the larger span; see 6.1.

c) Loads are uniformly distributed and adjustments for concentrated loads are performed.

d) The unit live load, w;, does not exceed three times unit dead load, wy.

e) Sloping girders should not have a slope exceeding 15°.
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7.6.5.3 Factored flexural moment

7.6.5.3.1 Factored positive and negative moment

The factored positive and negative moment, M,,, expressed in newton-metres, for girders and beams that are
part of a frame where the vertical elements are columns and concrete structural walls, should be calculated in
accordance with Equations (113) to (119):

a) For a positive moment at end spans:
v W2 1, o
Mu:_14 T ZTu 113)
where
In s the clear span, expressed in metres;
w, s expressed in newtons per metre;
ZPM s the sum of all total factored concentrated loads, expressed in newtons, that act on the span.
b) For a positive moment at interior spans:
w Mutn |l DP 114)
u 16 7 !
c) For a nggative moment at supports for the interior fage“of an external column or perpendicular struftural
wall:
2
_ -l /
M="4 N, N.Np 115
“ 16 10 v )
d) For a ndgative moment at the exterior face of the first internal column or perpendicular structural wall for
only two|spans:
YL (R o 116
T CRRE P )
e) For a nggative monient at the faces of internal columns or perpendicular structural walls for mor¢g than
two spans:
My = TN 117)
“ 10 85 &~
f)  For a negative moment at the faces of structural walls parallel to the plane of the frame:
wy =Ml s (118)
“T 12 7 u
g) For a negative moment at the support of girder cantilevers:
. 3wy 12
MU=T+zn.ZPU (119)
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.3.2 Girders of frames parallel to the direction of one-way joist systems

In order to take into account the effect of the distribution ribs of the joist system (see 7.4.1.3.3) on girders of
frames parallel to the direction of one-way joist systems, a factored load equivalent to two times that used to
design the individual joist should be employed in addition to the loads on the girder. This factor should also be
taken into consideration in deriving the factored shear as specified in 7.6.5.4.1.

7.6.5

3.3 Use of frame analysis

It should be permitted to use a frame analysis for obtaining the factored flexural moment and shear as a
substitute for the values derived in accordance with 7.6.5.3.1 and 7.6.5.4.1 if the following provisions are met.

a)

b)

c)

d)

e)

7.6.5

7.6.5|4.1 Calculation of factored shear

The

a)

The analysis procedure should be based on established principles of structural mechanics;

The procedure should take into account equilibrium, compatibility of deformations,.general
short- and long-term material properties.

;[ermitted to obtain the factored moment and shear at thefaces of the supports.
f) |

EquTons (120) to (122):

egapascals.

he use of any set of reasonable assumptions should be permitted for computing relative

stability and

The modulus of elasticity of concrete should be permitted to be taken as E.'= 4 500,/ /¢, expressed in

flexural and

rsional stiffness of columns, walls, beams and girders. The assumptions adopted should be consistent

roughout the analysis.

[he span length should be taken as the distance centre-te-centre of the supports, but

bads on all spans with full factored live loads eralternate spans.

4  Factored shear

alue of V,, expressed in newtons, for the slab should be calculated at the faces of all suppq

t exterior face of firstinterior column:

it should be

should be permitted to assume that the arrangement of the live loads is limited to combinations of
flactored dead loads on all spans with full factored live loads on two adjacent spans, and factored dead

rts using the

Vu:1,15-W“T'I”+0,80.ZPu (120)
wherg

R is the clear span, expressed in metres;

w, is expressed in newtons per metre;

ZPu is the sum of all total factored concentrated loads, expressed in newtons, that act on the span.
b) atfaces of all other columns:

=20 4075 R, (121)
c) atsupports of girder cantilevers:

Vu=Wy-ln+ D Py (122)
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Use of frame analysis

It should be permitted to use a frame analysis for obtaining the factored shears as a substitute for the values

derived in ac

7.6.5.5

7.6.5.5.1

cordance with 7.6.5.4.1 if the provisions of 7.6.5.3.3 are met.

Reinforcement

Positive flexural reinforcement

The positive flexural reinforcement area should be determined in accordance with the provisions of 7.3.11.4,
with the appropriate value of M| derived from Equation (113) or (114), converted to newton-millimetres

(1 N-m =103
should be p
Positive flexd
a distance e
flexural reinf
distance; seq

7.6.5.5.2

The negativg

for the greafer of the values of A for both sides of the support, derivedifrom Equations (115) to

converted t
reinforcemer

of the sectio or when the beam or joist is T-shaped, negative flexuralreinforcement should be in accorg

with 7.6.3.8.
measured fr|
permitted to
specified by
or spliced a
cantilevers.

Negative flexural reinforcement

brmitted to employ the provisions taking into account the T-beam effect specified in(7%.3
ral reinforcement should be in accordance with the provisions of 7.6.3.3. At internal"suppo
Hual to /,/8 measured from the face of the supports into the span, up to one-halfef-the po
brcement should be permitted to be suspended if there are no concentrated-loads withir
Figures 80 and 81.

flexural reinforcement area should be determined in accordance with the provisions of 7.3

b newton-millimetres (1 N-m =103 N-mm), with 4 and < “éxpressed in millimetres.
t should be in accordance with the provisions of 7.6.3.4. When a slab is present in the uppe

At internal supports at a distance equal to /,,/3 and at €xternal supports at a distance equal t
bm the face of the support into the span, all the»negative flexural reinforcement shou
be suspended (see Figure 80), except in the bedams belonging to the perimeter ring of bear
7.4.3.2, where one-quarter of the negative reinfercement should be continuous through the

mid-span; see Figure 81. No suspension of negative reinforcement should be permitt

N mm), with 4 and b expressed in millimetres. If a slab exists in the upper part of the girdler, it

11.6.
ts, at
sitive

that

11.4,
119),
This
I part
ance
D /.,/4
d be
ns as
Span,
ed in

126

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

Dimensions in millimetres

2
T Lk B 1n1/3A /3 /3 L
. ||
L e S
o
N
[/8 [ny/8 [, 18
» [n1 o | [nZ = » [n3 |
[ 5 b 5

Key
1 npgative reinforcement at the interior face of an external
2 nggative reinforcement cut-off points based on the greater of the neighbouring spans
3 npgative reinforcement interior support
4  gleater of the cantilever negative reinforcement or required for internal support
5 splice according to 7.3.8.2
6 ppsitive reinforcement interior span
7  ppsitive reinforcement end span

Figure 80 — Reinforcement in girders that are part of a moment
resisting frame by columns or structural concrete walls

© 1SO 2005 — All rights reserved 127


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

Dimensions in millimetres
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[n1/8 [ny/8 [,,/8
» [nt o | [nZ o [n3 _
1 5 6 5

Key
1 negative reinforcement at the interior face of an external
2 negative reinforcement cut-off points based on the greater of the neighbouring spans
3 negative reinforcement interior support
4  greater of|the cantilever negative reinforcement or required for internal support
5 splice accprding to 7.3.8.2
6 positive rginforcement interior span
7 positive rginforcement exterior span

Figure 81 — Reinforcement.in-girders that are part of the perimeter frame

7.6.5.5.3 Transverse reinforcement

The values df 7, at the faces-0f-the right and left supports should be derived using the appropriate valug from
Equation (12) to (122). ACdiagram of shear variation along the span should be calculated in accordancg with
the provisionss of 7.6.4.5:3~(see Figure 77). At any place within the span, the value of (¢- ¥7,,) as calculafed in
accordance With the provisions of 7.3.13.4 should be greater than or equal to the absolute value of V(x) as
shown in the|calcufated diagram.

The shear rginforcement should be in accordance with the provisions of 7.6.3.2 and 7.3.13.4. The limits for
(¢-V,) as defined in 7.3.13.4.4 should be marked on the shear diagram, and a minimum amount of shear
reinforcement as defined by Equation (55) should be established. Appropriate values of the spacing, s, of the
stirrups should be defined for the different regions within the shear diagram. A minimum practicable spacing of
stirrups as specified by 7.3.7.2 should be observed. The first stirrup should not be placed further than s/2 from
the face of the supporting element, s being the required spacing of stirrups at the support.

7.6.5.5.4 Hanger reinforcement

When the girder supports a beam of essentially the same depth, hanger reinforcement as specified by
7.6.4.5.4 should be employed.
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7.6.5.6 Calculation of the reactions on columns and structural concrete walls

7.6.5.6.1 Vertical reaction at column and walls

The
with

wherg

7.6.5/6.2 Unbalanced moment from vertical loading applied to girder

by t
The

factored reaction, R, on the supports expressed in newtons, should be the value derived in accordance
Equation (123) plus the factored reaction from any cantilever spanning from that support:

Ry =—4 (123)

(, is the factored shear, expressed in newtons, from Equations (120) to (122)

is the centre-to-centre span, expressed in metres, of the beam;

, is the clear span of the beam, expressed in metres.

factored vertical loads on the girders in the plane of the frame‘that spans from the column| at that level.
nbalanced moment should be distributed to the column above and below the girder in propprtion to their

The Eoment reaction on columns should be evaluated using the unbalanced factored moment, AM,,, caused
h

relatiye stiffnesses. The following procedure should be emplayed to calculate the unbalanced moment:

a)

b)

c)

7.6.5/6.3 Distribution of the unbalanced moment to the columns and walls

The

abovge and below the girder.

a)

b)

c)

The unbalanced moment, AM,,, should correspond.to the largest difference in girder factgred negative
moment at the column when two load cases are evaluated.

In the first case (Case A of Figure 82) the whole girder should be loaded with the factored dead load and
alternate spans should be loaded with the factored live load.

In the second case (Case B of Figtre82) the whole girder should be loaded with the factored dead load
and the other alternate spans should be loaded with the factored live load.

ollowing procedure should be employed to distribute the unbalanced moment to the columns or walls

For joints of columns or walls supporting the roof girders (Types B, D and F of Figure 83}, the column
flactored moment should correspond to AM,,.

Forjoints of columns, or walls, of floors different from the roof (Types A, C and E of Figure 83), the
Lllnbalanced moment should be distributed to the column or wall above in accordance with Equation (124):

1o /hp;
(Mu)up:AM ( C/ p )up (124)

u (Ic/hpi)up +(Ze/hpi) o

For joints of columns or walls of floors different from the roof (Types A, C and E of Figure 83), the
unbalanced moment should be distributed to the column or wall in accordance with Equation (125):

. (Ic/hpi)down
u
([C/hpi)up * (Ic/hpi)down

(Mu)down =AM (125)
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In Equations (124) and (125), I, should be evaluated in accordance with Equation (126):

d)
be -hd
I =—17 (126)
e) where
b, is the dimension, expressed in metres, of the column or wall section in the direction perpendicular to
the girder span;
he is the dimension, expressed in metres, of the column, or wall, section in the direction perpendicular
to thhegirderspam;
hpi is tHe story height corresponding to the column or wall (see Figure 82).
1
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1 factored live load
2 factored dead load

A CaseA
B CaseB

Figure 82 — Girder unbalanced moment to be transferred to columns
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AtoH types of supports
Figure 83 — Types of joints for determination of column moments
7.7 | Columns
7.71| General

The g@lesign of columns should be performedLin accordance with the provisions of 7.7. The mempers covered
by th|s subclause are members reinforced\with longitudinal bars and lateral ties, and members rginforced with
longijudinal bars and continuous spirals. Both rectangular and circular sections are covered.

7.7.2| Design load definition

7.7.2}1 Loads to be included
The fesign load for-eolumns belonging to frames or slab-column systems should be established from the
tributpry loads from.each floor located above the column, plus the selfweight of the column. Trjbutary loads
should be established in accordance with the provisions of 7.2.1 and the particular provisipns for each
tributary element type; see Figures 84 and 85.
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a

Figure 84 — Column factored design forces from{one story and in one direction

Key
a8 Reactiong at the ends of the element.

b Actions at|the joint.
C  Loads applied to the top of the column.
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olumn moment obtained from the distribution of unbalanced moment at the joint at the same level.

o QO

bads applied to the top of the-column.
tory n—1.

o o

tory n.

elfweight of'the column.

equal to P, plus the column selfweight.

LI bottoriy u top

q
L
S
S
€ Agctions at the joint-of story n from the tributary elements.
S
A
A

ctions at the joint of story n—1 from the tributary elements.

i of Story 7n—T equal 1o P

utop of story n plus LRU from siory n—T1.

u bottom
Figure 85 — Column forces in different floors

7.7.2.2 Dead load and live load

The values of Py for dead load and P, for live load should be expressed in newtons. Py should include the
selfweight of the column, assuming concrete unit weight of 24 x 103 N/m3. The selfweight should be factored
employing the load factors for dead load of the corresponding combination in accordance with 7.2.2.1. It
should be permitted to apply the selfweight of the column corresponding to each floor to the lower part of the
column in that floor; see Figure 85.
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7.7.2.3

Factored design forces

The value of the factored design forces P, and M, should be established for the column at the upper and the
lower part of the column in each story. A distinction should be made regarding the direction of the axes in the
plan along which the moments A, and M,,, act; see Figure 85.

7.7.3 Dimensions

7731 Ge

neral

In addition to the appropriate provisions specified in 7.7.3, the columns should be in accordance with the

general provjsions for dimension specified in 6.1. Columns should be aligned vertically, without eccen

between up

section shapk should be either rectangular or circular. All other cross-section shapes are beyondcthe’sca

this Internati

7.7.3.2 Li
7.7.3.21

For the purp
should be in

a) The sho
in seism
b) The rati
exceed
Key

Restrictions: 5

7.7.3.2.2

miting section dimensions

Minimum section dimensions for rectangular columns

pses of this International Standard, the dimension for the crossssection of rectangular col
pccordance with the following limits (see Figure 86):

rtest cross-sectional dimension should not be less than 300:-mm. For columns in buildings lo
c risk zones, see 7.8.5.3.1.

b of the largest cross-sectional dimension to the perpendicular shortest dimension shoul
B.

||Ilinimum section dimensions for circular columns

r and lower columns, and should be continuous all the way down to the foundation. The)cq

nal Standard.

be

A

he

h{b < 3.

< 300 mm; hglb &

Figure 86 — Minimum cross-section dimensions for rectangular columns

tricity
lumn
pe of

mns

cated

d not

Columns with

134

circular cross-section should have a diameter of at least 300 mm.

Dimension in millimetres

h =300

Figure 87 — Minimum cross-section dimension for circular columns
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7.7.3.3 Distance between lateral supports

7.7.3.3.1  General

It should be considered that lateral restraint is provided by the floor system in the two horizontal directions at
all levels that are supported by the column; see Figure 88.
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Key
1 central
2 eflge
3 cprner

Figure 88 ~-Lateral restraint for columns

7.7.3|13.2 Central columns

The [clear distance, &, between lateral supports for central columns should not exceed [10times the
dimepsion of the column cross-section parallel to the direction of the support; see Figure 88.

7.7.313.3 Edge columns

The ¢lear distancey(r;,, between lateral supports perpendicular to an edge for edge column should not exceed
9 times the dimension of the column cross-section perpendicular to the edge; see Figure 88.

7.7.3|13.4¢ \Corner columns

The clear distance, 7, between lateral SUppOrts for corner columns should not exceed 8 times the minimum
dimension of the column cross-section; see Figure 88.

7.7.3.4  Column built monolithically with a wall
The outer limits of the effective cross-section of a tied or spirally reinforced column built monolithically with a

concrete wall should extend more than 40 mm outside the tie or spiral reinforcement or the lateral wall faces;
see Figure 89.
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Dimensions in millimetres
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7.7.4 Detalils of reinforcement

7.7.41

For the purpg
accordance

7742 Ld

77421 |
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cover provisi
as to resist
section actin

7.7.4.2.2

The maximu
7.3.9.4.1 (O,
reinforcemer

General

Minimum and maximum¢longitudinal reinforcement area

Figure 89 — Effective cross-section of columns built monolithically with a wall

oses of this International Standard, the reinforcement of celumns should be of the typ
vith 7.7.4 and should be in accordance with the provisions 0f\7.7.4.2 to 7.7.4.4.

ngitudinal reinforcement

Description and location

Feinforcement should be provided in the periphery of the column section, as specified in 7.3.
reinforcement should be located as close“to the lateral surfaces of the column as the cor
pns permit (see 7.3.4.1 and 7.7.4.2.9).UThe amount of longitudinal reinforcement should be
the simultaneous action of a combination of factored axial load and factored moments 2
j about the two main axes of the ‘section of the column; see Figure 91.

M and minimum longitudinal reinforcement area should be in accordance with the provisig
D1 < p; < 0,06). The maximum longitudinal reinforcement area is also limited by the
t in the beam—€olumn joint.

7.74.23

Longitudinal pars, of columns should comply with the provision of a minimum nominal diameter, d,, of 1
as specified [n7)3.9.4.2.

inimumidjameter of longitudinal bars

es in

D 4.4,
crete
such
t the

ns of
beam

7.74.24

Minimum number of longitudinal bars

The minimum number of longitudinal bars in rectangular and round columns should be 4 bars in rectangular

columns or 6

7.7.4.2.5

Longitudinal

136

bars in circular columns as specified in 7.3.9.4.3.

Minimum and maximum reinforcement separation

reinforcement should not be spaced closer than 1,5 4, or 40 mm as specified in 7.3.7.4.

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

ISO 15673:2005(E)

7.7.4.2.6 Reinforcement splicing

It should be permitted to lap-splice up to one-half of the longitudinal reinforcement at any given section, as
long as only alternate bars are lap-spliced; see Figure 91. All lap splices of longitudinal reinforcement should
be in accordance with 7.3.8.2.1. [Alternative methods, like gas pressure welding or mechanical connectors,
could be used taking account of the practical situation of each country.]

7.7.4.2.7 End anchorage of reinforcement

Longitudinal reinforcement at the upper end of the columns and at the foundation elements that transmit the
loads to the underlying soil should extend to the extreme and end with a standard hook.

7.7.4]2.8 Longitudinal bar offset

Offsgt bent longitudinal bars should conform to the following provisions.

a)
b)
c)

d)

e)
f)

)]

The slope of the inclined portion of an offset bar with the axis of column should’hot exceed 1

The portions of the bar above and below an offset should be parallel to axis‘of column.

The horizontal support at offset bends should be provided by lateral{ies or spirals.

¢omputed force in the inclined portion of an offset bar.

Lateral ties or spirals should be placed not more than_150 mm from the bend points.

Dffset bars should be bent before placement in the‘forms.

Vhere a column face is offset from the faee of the column below by more than 1/6 of the
girder or slab or 80 mm, longitudinal bars should not be offset bent. Separate dowels lap-sp

Ipngitudinal bars adjacent to the offset column faces should be provided. Lap splices
accordance with 7.3.8.2.1.

in 6.

The horizontal support provided should be designed to resisb 1/5 times the horizontal component of the

depth of the
iced with the
should be in

The ratio of A/B should not exceed 1/6.

Figure 90 — Longitudinal bar offset
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7.7.4.2.9 Maximum number of longitudinal bars per face of rectangular column

The maximum number of longitudinal bars in a layer should be determined taking into consideration the
longitudinal and transverse reinforcement bar diameters, the appropriate concrete cover (see 7.3.4), the
maximum nominal coarse aggregate size and the minimum clear spacing between bars (see 7.3.7). When
these computations are not performed, it should be permitted to apply the following provisions.

a) For a column section with a considered dimension, 5., equal to or greater than 400 mm, it should be
permitted to determine the maximum number of bars in a layer in accordance with Equation (127)

(127)

where b, is thhe column dimension, expressed in millimetres; see Table 18.

b) Three Igngitudinal bars should be permitted in the face of columns whose considered:dimension, [b

less thap 400 mm and equal to or greater than 300 mm; see Table 18.

Tlable 18 — Maximum number of longitudinal bars per face of rectangular column

Column dimension

Maximum number of

b longitudinal bars
mm
b, <300 section notpermitted

300 < b, < 400

3

400 < b,

[be_
68

7.7.4.210 Maximum number of longitudinal-bars in circular columns

c’

The maximum number of longitudinal bars-in circular columns should be determined taking into account the
longitudinal gnd transverse reinforcement bar diameters, the appropriate concrete cover (see 7.3.4), the
maximum ngminal coarse aggregate, size, and the minimum clear spacing between bars (see 7.3.7). \When
these compdtations are not perforgied, it should be permitted to determine the maximum number of bars in

accordance Wvith Equation (128):

N, <—-6

where 7 is the column diameter, expressed in millimetres; see Table 19.

128)

Table 19 — Maximum number of longitudinal bars in circular columns

138

Column diameter

Maximum number of

h longitudinal bars
mm
h <300 section not permitted
h
300 <A < (—— GJ
22

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=d984ca1ceb037176d446d1b9f4880b07

