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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proee Hsed—te—deve j reRt—an intended i rer—attenance are
described in the ISO/IEC Directives, Part 1. In parti ded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
as well as information about ISO’s adherence to the World-Trade Organization (WTO) prinfiples in the
Techhical Barriers to Trade (TBT) see the following URLZwww.iso.org/iso/foreword.html.

The ¢ommittee responsible for this document is ISQfTC 71, Concrete, reinforced concrete and prestressed
concrete, Subcommittee SC 5, Simplified design standard for concrete structures.

This|second edition cancels and replaces thefirst edition (ISO 15673:2005), which has been technically
revided with the following changes.

— fecentresearchavailablein concrete frame and wall buildingsas aresultof poor structurpl behaviour
observed during recent earthquakes have changed the design and detailing requirements for these
lype of buildings in seismic prone areas;

— ¢oncrete structural désign criteria has been unified in almost all countries in order to use similar, if
notidentical load combinations with the same load factors, as well as strength reduction|factors; this
ils a substantial.chiange and has been changing in recent years in order to simplify and tinify design
¢riteria for different construction materials such as timber, steel, masonry and lastly cpncrete;

— goncreteCoyverrequirement have been updated to mostrecentinternational building code standards.
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Introduction

This document is developed for countries that do not have existing national standards. This document
should not be used in place of a national standard unless specifically considered and accepted by the
national standard body or other appropriate regulartory organization. The design rules are based in
simplified worldwide-accepted strength models. This document is self-contained; therefore, actions
(loads) and simplified analysis procedures are included, as well as minimum acceptable construction
practice guidelines.

The minimum dimensional guidelines contained in this document are intended to account for
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Guidelines for the simplified design of structural

rei

nforced concrete for buildings

1 Scope

This document provides guidelines for the design and construction of low-rise concrete building

strug

This
strug

This

tures of strattarea to be buittimthe tessdevetopedareas of the wortd:

document is applicable to the planning, design and construction of structural reinfor¢
tures to be used in new low-rise buildings of restricted occupancy, number of stories,

document can be used as an alternative to the development of a National €oncrete By

or eq

uivalent document in countries where no national design codes are available by them

an alternative to the National Concrete Building Code in countries wheré\specifically con
accepted by the national standard body or other appropriate regulatoryorganization.

2
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Hydr

ISO 4

ormative references

following documents are referred to in the text in such'a way that some or all of t
[itutes requirements of this document. For dated reférences, only the edition cited
ted references, the latest edition of the referenceddocument (including any amendme

79, Cement — Test methods — Determination-9fstrength

63, Cement — Test methods — Pozzolanicity test for pozzolanic cements

103, Loads due to use and occupancy-in-residential and public buildings

633, Determination of imposed floor loads in production buildings and warehouses
354, Wind actions on struectures

274, Concrete — Sieve-analysis of aggregates

782, Aggregates for-concrete — Determination of bulk density

783, Coarsesaggregates for concrete — Determination of particle density and water a
pbstatic baldnce method

935-1, Steel for the reinforcement of concrete — Part 1: Plain bars

ed concrete
And area.

ilding Code,
selves, or as
sidered and

heir content
applies. For
hts) applies.

bsorption —

ISO 4

935-2, Steel for the reinforcement of concrete — Part 2: Ribbed bars

ISO 6935-3, Steel for the reinforcement of concrete — Part 3: Welded reinforcement

ISO 7033, Fine and coarse aggregates for concrete — Determination of the particle mass-per-volume and
water absorption — Pycnometer method

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

ISO 10144, Certification scheme for steel bars and wires for the reinforcement of concrete — Welded-wire
reinforcement

[SO 29581-1, Cement — Test methods — Part 1: Analysis by wet chemistry
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and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

acceleration of gravity

g
acceleration

Note 1 to en
[10] m/s2.

3.2
admixture

material otH
and added t

3.3
aggregate
granular m4
with a ceme

3.4
anchorage
device used

3.5
bar diamet
<nominal> 4

Note 1 to ent

3.6
base of stry
level at whiq

Note 1 to ent

3.7
beam
horizontal,

produced by gravity at the surface of the Earth

try: For the application of these guidelines, its value can be approximated to grapproxin

er than water, aggregate (3.3), or hydraulic cement, used as an ingredient of concrete (|
b concrete before or during its mixing to modify its properties

terial, such as sand, gravel, crushed stone, and iron blast-furnace slag, used in conjun
nting medium to form a hydraulic cement concrete (3:20) or mortar

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

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

y: For deformed bars, it is common practice to use the diameter of a plain bar having the same
jcture

h earthquake metions are assumed to be imparted to a building

Fy: This level does not necessarily coincide with the ground level.

br_tiearly horizontal, structural member supported at one (such as a cantilever) or

ately

3.20)

ction

area.

more
xXure

points, but ]

otthroughout its length, transversely supporting a load, and subjected primarily to fle

3.8

bearing capacity of the soil
maximum permissible stress on the foundation (3.51) soil that provides adequate safety against bearing
failure of the soil, or settlement (3.90) of the foundation of such magnitude as to impair the structure

Note 1 to entry: Its value is defined at the working stress (3.122) level.

39

bending moment
product of a force and the distance to a particular axis, producing bending effects in a structural element

© ISO 2016 - All rights reserved
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boundary elements
portions along wall edges strengthened by longitudinal and transverse reinforcement (3.117)

Note

3.11

1 to entry: Boundary elements do not necessarily require an increase in thickness of the wall.

buildings
structures, usually enclosed by walls and a roof, constructed to provide support or shelter for an
intended occupancy (3.76)

3.12

caisson

foun

by digging out the soil inside

3.13

cement
matgrial which, when mixed with water, has hardening properties, used\either in concréte (3.20) or

by it

3.14
cent

self

br of mass

geonpetric place where all the mass (3.68) of the floor woul@ be located in plan (assumi
diaphragm as an infinite rigid body in its own plane)

3.15
cent

er of rigidity

geonpetric place located in plan and established assuming that the floor diaphragm is an i
body in its own plane, where applying an horizental force, in any direction, no diaphragm rotation is

pres

3.16

bnted around a vertical axis

column

verti

3.17

cal member used primarily to support axial compressive loads (3.66)

collgctor elements

elem|
resis

3.18

ents that serve to transmit the inertia forces within the diaphragm to members of the
Ling system (3.60)

combined footing

footi

(3.1110) tosthe supporting soil

3.19

Hation pile of large diameter, built partly or totally above ground and sunk below, grqund usually

ng the floor

nfinite rigid

lateral-force

g (3.49)that transmits the load carried by several columns (3.16) or structural cdncrete walls

compression reinforcement
reinforcement (3.85) provided to resist compression stresses induced by bending moments (3.9) acting
on the member section

3.20

concrete
mixture of portland cement or any other hydraulic cement, fine aggregate, coarse aggregate, and water,

with

3.21

or without admixtures (3.2)

concrete mix design
choice and proportioning of the ingredients of concrete (3.20)
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3.22

:2016(E)

concrete, specified compressive strength of
!

I

C

compressive cylinder strength of concrete (3.20) used in design

Note 1 to entry: It is expressed in megapascals (MPa).

’ ’
Note 2 to entry: Whenever the quantity fC is under a radical sign (1 ffc J , the positive square root of numerical

value on]y is intended and result has units of mpgnpncr‘n]c (Mpn)

3.23

confinement hook

hook (3.56) jon a stirrup (3.105), hoop (3.57), or crosstie (3.28) having a bend not less thah 135° with a
six-diametef (but not less than 75 mm) extension that engages the longitudinal reinforcement (3.67) and
projects int¢ the interior of the stirrup or hoop

3.24

confinement stirrup or tie

closed stirryp (3.105), tie (3.115) or continuously wound spiral

Note 1 to enfry: A closed stirrup or tie can be made up of several reinforcement (3.85) elements each hpving
confinement Rooks (3.23) at both ends. A continuously wound spiral should have a confinement hook at bothends.
3.25

contraction joint

formed, sawed, or tooled groove in a concrete structure to create a weakened plane and regulate the
location of dracking resulting from the dimensional change of different parts of the structure

3.26

corrosion

gradual degradation or weakening of metal fronTits surface that requires the presence of humidity and
oxygen, and|is helped by the presence of other'materials

3.27

cover

<concrete> thickness of concrete((3.20) between the surface of any reinforcing bar and the nearest face
of the concrgte member

3.28

crosstie

continuous reinforcifig bar having a 135° hook (3.56) at one end and a hook not less than 90° at lgast a
six-diametef exterision at the other end

Note 1 to entfyi-The hooks should engage peripheral longitudinal bars. The 90° hooks of two successive crogsties
engaging the'same }Uusitudiual barsshottdbeatternatedend b_y eftd:

3.29

curing

process of keeping the concrete (3.20) damp for a period of time, usually several days, starting from the
moment it is cast, in order for the cement (3.13) to be provided with enough water to harden and attain
the intended strength

Note 1 to entry: Appropriate curing will greatly reduce shrinkage, increase strength of concrete, and should
reduce surface cracking. Curing time will depend on temperature and relative humidity of surrounding air, the
amount of wind, the direct sunlight exposure, the type of concrete mix employed, and other factors.

3.30
curtain wall
walls that are part of the facade or enclosure of the building
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deformed reinforcement
steel reinforcement (3.85) that has deformations in its surface to increase its bond to the concrete (3.20)

Note 1 to entry: The following steel reinforcement should be considered deformed reinforcement under these
guidelines: deformed reinforcing bars, deformed wire (3.121), welded plain wire reinforcement, and welded

defor

3.32
dept
h

med wire reinforcement conforming to the appropriate ISO standards.

h of member

verticalsize of a cross section of a horizontal structural element

3.33

design load combinations
combinations of factored loads (3.66) and forces

3.34

design strength
product of the nominal strength (3.74) multiplied by a strength reductiomfactor, ¢ (3.107)

3.35
deve
lengt
(3.81

3.36
deve
shor
tang

3.37
diffe

lopment length
h of embedded reinforcement required to develop theydesign strength (3.34) of r4
) at a critical section

lopment length for a bar with a standard hoek
fest distance between the critical section (where the strength of the bar is to be deve
ent to the outer edge of the 90° or 180° hook'(8.56)

rential settlement

when the foundation (3.51) of different parts of a structure settle different amounts

3.38
drift
diffe

3.39
dura3
char

rence between the horizontal displacements of two consecutive levels

bility
hcteristic of aystructure to resist gradual degradation of its serviceability in a given ¢

for the design seg¥ice life

3.40
effeq
d

tive depth of section

binforcement

oped) and a

nvironment

distance measured from the extreme compression ribre to the centroid ol tension reinjorce

3.41

embedment length
length of embedded reinforcement (3.85) provided beyond a critical section

3.42

essential facilities
buildings and other structures that are intended to remain operational in the event of extreme
environmental loading from wind, snow, or earthquakes

3.43

factored loads and forces
specified nominal loads (3.66) and forces multiplied by the load factors
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3.44

fire protection of reinforcement

amount of concrete cover necessary for protection of the reinforcement (3.85) against the effects of the
high temperatures produced by fire

Note 1 to entry: The concrete cover is a function of the number of hours of exposure to the fire.

3.45
flange
top or bottom part of an I-shaped or T-shaped section separated by the web (3.119)

3.46
flexural
pertaining tp the flexure bending moment (3.9)

3.47
flexural rejnforcement
reinforcemeft (3.85) provided to resist the tensile stresses induced by flexural monyents acting op the
member sedtion

3.48
floor system
structural eJements that comprise the floor of a story in a building

Note 1 to entyry: It includes the beams (3.7) and girders (3.54), the joists\(3.58) (if employed), and the slab (3.95)
that spans bgtween them.

3.49
footing
portion of the foundation (3.51) which transmits loads {3266) directly to the soil

Note 1 to entJy: May be the widening part of a column (3:16), a structural concrete wall (3.110) or several colymns,
in a combined footing (3.18).

3.50

formwork
temporary donstruction to contain coperete (3.20) in a plastic state while casting and setting take place,
and that forms the final shape of theé'element as the concrete hardens

3.51
foundation
any part of the structure thatserves to transmit loads (3.66) to the underlying soil, or to contain it

3.52
foundationbeam
beam (3.7) that rests on the foundation (3.51) soil and spans between footings (3.49), used eithler to
support wal|ls or'to limit differential settlement (3.37) of the foundation

3.53

foundation mat

continuous slab (3.95) laid over the ground as part of the foundation (3.51) and that transmits to the
underlying soil the loads (3.66) from the structure

3.54
girder
main horizontal support beam (3.7), usually supporting other beams

3.55

gravity loads

loads (3.66) that act downward and are caused by the acceleration of gravity, g, (3.1) acting on the mass
(3.68) of the elements that cause the dead and live loads (3.63)
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3.56
hook
bend at the end of a reinforcing bar

Note 1 to entry: They are defined by the angle that the bend forms with the bar as either 90°, 180° or 135° hooks.

3.57
hoop
closed stirrup (3.105), tie (3.115), or continuosly wound spiral

Note 1 to entry: A closed stirrup or tie can be made up of several reinforcement (3.85) elements, each having
seismic hooks (3.56) at both ends. A continuously wound spiral shall have a seismic hook at both ends

3.58
joist
T-shgped or I-shaped beam (3.7) used in parallel series directly supporting floor andceiling foads (3.66),
and gupported in turn by larger girders (3.54), beams, or bearing structural concrete walls ([3.110)

3.59
lap splice
splice between two reinforcing bars obtained by overlapping them for'a'specified length

3.60
latertal-force resisting system
portion of the structure composed of members proportionedto‘resist forces related to earthduake effects

3.61
lightweight aggregate concrete
concrete (3.20) made with coarse granular material\that weighs less than the granular matgrial used in
nornpal weight concrete

Note [l to entry: This type of concrete is not covered by these guidelines.

3.62
limit state
condjiition beyond which a structure or member becomes unfit for service and is judged either to be no
longeér useful for its intended funetion (serviceability limit state) or to be unsafe (strength limit state)

3.63
live load
loadq (3.66) produced-By the use and occupancy (3.76) of the building and do not include qonstruction
or ejvironmental loads such as wind load, snow load, rain load, earthquake load, flood 1pad, or dead
load|without loadfactors (3.65)

3.64
load|effects
forcds@nd internal deformations produced in structural members by the applied loads (3.6

[®))
—

3.65

load factor

factor that accounts for deviations of the actual load from the nominal load, for uncertainties in the
analysis that transforms the load into a load effect, and for the probability that more than one extreme
load will occur simultaneously

3.66

loads

forces or other actions that result from the weight (3.120) of all building materials, occupants and their
possessions, environmental effects, differential movement, and restrained dimensional changes
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:2016(E)

longitudinal reinforcement
reinforcement (3.85) that is laid parallel to the longitudinal axis of the element, generally to account for

flexural effe

3.68
mass

cts

quantity of matter in a body

3.69
mesh wire

(i}

welded-wir

3.70
modulus of]
ratio of nory

limit of the fmaterial

3.71
negative m

flexural moment that produces tension stresses at the upper part of the section'of a horizontal, or n

horizontal ¢
the element

3.72

negative rej
in horizontj
moment (3.7

3.73

nominal loads

magnitudes

factors (3.6%

3.74
nominal st}
capacity of

computations using specified material strengths and dimensions, which in turn are derived

accepted pr
allowing for

3.75

non-structfiral elements

correspond
to the buildi

Y ¥ £L2 O
T Clllle cCrricric LJ-UJJ

elasticity
hal stress to corresponding strain for tensile or compressive stresses below theproport]

pment

lement, and that requires placing negative flexural reinforcement (3.47) in the upper p4
section

inforcement
1l or nearly horizontal elements, the flexural reiiforcement (3.47) required for neg
1) and that is placed in the upper part of the section of the element

of the loads (3.66) (dead, live, soil, wind, snow, rain, flood, and earthquake), withouf]

)

‘ength
h structure or member to-resist the effects of loads (3.66), as determined by theorg

inciples of structural’mechanics or by field tests or laboratory tests of scaled ma
modelling effects-and differences between laboratory and field conditions

to architeetural, mechanical, and electrical components and systems permanently attg
ng

3.76

jonal

early
hrt of

ative

load

ptical
from
dels,

ched

occupancy
purpose for

3.77
partitions
non-structu

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

ral walls that are employed to divide spaces

Note 1 to entry: They do not support other parts of the building except themselves. When they are built in the

exterior, som

3.78
pedestal

etimes they are referred to as curtain walls (3.30).

upright compression member with a ratio of unsupported height to average least lateral dimension of

less than 3
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permanent loads
loads (3.66) in which variations over time are rare or of small magnitude

Note

3.80
pile

1 to entry: All other loads are variable loads; see also nominal loads (3.73).

slender timber, concrete (3.20) or structural steel element embedded in the ground to support loads (3.66)

3.81
plai

reinforcement

smo(
defor

3.82
posi
flexu
horiz
the €

3.83
posi

th surfaced steel reinforcement (3.85), or reinforcement that does not conform to the definition of

med reinforcement (3.31)

five moment
ral moment that produces tension stresses at the lower part of the sectigi.of a horizonf
ontal element, and that requires placing positive flexural reinforcement (3.47) in the 1
lement section

live reinforcement

in h¢rizontal or nearly horizontal elements, the flexural réinforcement (3.47) required

mom

3.84
reac
resis
(3.11

3.85
rein
steel
streq
envil

3.86
requ
stref]
mom

3.87
retaj
wall

3.88

ent (3.82) and that is placed in the lower part of the segtion of the element

fion
tance to a force or load, or upward resistance.of a support (3.112) such as a structural g
0) or column (3.16) against the downward pressure of aloaded member such as a bear]

forcement
bars, wire (3.121), or mesh wire,(3.69), used for reinforcing the concrete (3.20) wj|
ses are expected, due either to the applied loads (3.66), differential settlement |
onmental effects such as variation of temperature

ired factored strength
gth of a member\or cross section required to resist factored loads (3.66) or rela
ents and forces

Ining wall
built to*hold back earth

al, or nearly
bwer part of

for positive

oncrete wall

n

here tensile

3.37) or to

ted internal

selfweight
weight (3.120) of the structural element, caused by the material that composes the element

3.89
serv
load

3.90
settl

ice load
(3.66), without load factors (3.65)

ement

downward movement of the supporting soil due to construction loads (3.66)
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3.91
shear

:2016(E)

internal force acting tangential to the plane where it acts or perpendicular to the elements
longitudinal axis

Note 1 to entry: Also called diagonal tension.

3.92

shear reinforcement
reinforcement (3.85) designed to resist shear (3.91)

3.93

shores
vertical or
(3.50), conct

3.94

shrinkage 4
reinforceme
stresses in 9
direction on

3.95
slab
upper flat p
walls or coli

3.96

slab on gra
slab (3.95) 1
foundation (|

3.97
solid slab
slab (3.95) o

3.98

span length

horizontal
(3.95), joist

3.99
specificatid
written doc
and quality

lete (3.20), and construction loads (3.66) above

ind temperature reinforcement
it (3.85) normal to flexural reinforcement (3.47) provided for shrinkage and temper}
tructural solid slabs (3.97) and footings (3.49) where flexural reinforcement extends i1

ly

art of a reinforced concrete (3.20) floor carried by supporting joists (3.58), beams
mns (3.16)

e
et directly on the ground that serves eithef“as a internal traffic surface or as part @
3.51)

f uniform thickness that does not have voids to make it lighter

listance between supports (3.112) of a horizontal structural element, such as for 4
3.58), beam (3.7), 0¥ girder (3.54)

ns
ument describing in detail the scope of work, materials to be used, method of installg
pf workmanship

nclined support (3.112) members designed to carry the weight (3.120) of the-formwork

hiture
N one

3.7),

f the

slab

tion,

3.100

specified lateral earthquake forces
lateral forces corresponding to the appropriate distribution of the design base shear (3.91) force for

earthquake-

3.101

resistant design

specified wind forces
nominal pressure of wind to be used in design

3.102

spiral reinforcement
continuously wound reinforcement (3.85) in the form of a cylindrical helix

10
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3.103
spread footing
isolated footing (3.49) that transmits the load carried by a single column (3.16) to the supporting soil

3.104
stairway
flight of steps leading from one level to another

3.105
stirrup
reinforcement (3.85) used to resist shear (3.91) and torsion stresses in a structural member

Note
or be
(3.67]
(3.58

3.10
story)

vertical distance between the upper part of the slab (3.95) of a story and-the upper part g

the f

1 to entry: Typically bars, wires (3.121), or welded wire reinforcement (plain or deformed) @it
ht into L, U, or rectangular shapes and located perpendicular to or at an angle to longitudinal
). The term “stirrups” is usually applied to lateral reinforcement in girders (3.54), béams (3|
). The term “ties” apply to those in columns (3.16) and walls. See also tie (3.115).

b

y height

oor below

3.10

¢

coef
to th

Note
dime

the member under the load effects (3.64) being considered, and to reflect the importance of the e

struc

3.10
stres
intern

3.10
stru
all cd
conc

3.11
stru
wall{

Note

stre]|gth reduction factor

7

icient that accounts for deviations of the actual strength from the nominal strength (3.74
e manner and consequences of failure

1 to entry: Including the probability of understrength members due to variations in material §
hsions, approximations in the design equations, o reflect the degree of ductility and required

ture.

B
H
sity of force per unit area

D
Ctural concrete

ncrete (3.20) used forstructural purposes including plain and reinforced concrete and
Fete

D
ctural concrete walls
propertioned to resist combinations of shear (3.91), moments, and axial forces

1 to entry: A “shearwall” is a “structural wall.”

her single leg
reinforcement
7), and joists

f the slab of

1), according

trengths and
reliability on
ement in the

prestressed

3.111

structural diaphragms
structural members, such as floor and roof slabs (3.95) which transmit inertial forces induced by
earthquake motions

3.112
support
structural element that provides support to another structural element

3.113
tank
container for the storage of water or other fluids

© ISO
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3.114
temporary

:2016(E)

facilities

buildings or other structures that are to be in service for a limited time and have a limited exposure
period for environmental loadings

3.115
tie

loop of reinforcing bar or wire (3.121) enclosing longitudinal reinforcement (3.67)

Note 1 to entry: A continuously wound bar or wire in the form of a circle, rectangle, or other polygon shape
without re-entrant corners is acceptable.

3.116
tie element

elements which serve to transmit inertia forces and prevent separation of such building componer

footings (3.4

3.117

transverse
reinforceme
(3.105), ties

3.118
wall

member, ustfially vertical, used to enclose or separate spaces

3.119
web
thin vertica

3.120
weight
vertical dow

Note 1 to ent

3.121
wire
reinforcing

3.122

working str

allowable st

3.123
yield strenj

S

9) and walls (3.118)

reinforcement
nt (3.85) located perpendicular to the longitudinal axis of the element, comprising sti
(3.115), spiral reinforcement (3.102), among others

portion of an [-shaped or T-shaped section that connects the flanges (3.45)

'y: The weight is equal to the value of the mass multiplied by the acceleration of gravity, g.

bar of small diameter

ess
ress (3.108).t6 be used with unfactored loads (3.66)

th

mward force exerted by a mass (3.68); when subjected to the acceleration of gravity (311

ts as

rups

=
—

Jy

specified m

: 11 +1 s 11 P O s L L2 QN
HIITUIIT Y ITIU SUTCITZg UL U Y ICIU DUITIU O FEIrjorceimicrit { 2.09 J

Note 1 to entry: The yield strength is expressed in units of megapascals, MPa.

Note 2 to entry: Applicable International Standards specify that the yield strength or yield point be determined

in tension.

12
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4 Symbols and abbreviated terms

4.1 Symbols

Symbol Explanation Unit

a depth of equivalent uniform compressive stress block mm

am acceleration magnifying factor

dx acceleration at floor level

Ay effective peak horizontal acceleration coefficient

Ap area of an individual reinforcement bar or wire mm?2
Ac loaded area of bearing on concrete or the area of the confined column core, in a mm?2
column with spiral reinforcement, measured centre to centre of the spiral,
Ag gross area of section of element mm?2
4 effective cross-sectional area within a joint for shear evaluation or area of addition- mm?
al hanger reinforcement, where beams are supported by girders or other‘beams
As area of longitudinal tension reinforcement mm?2
,4; area of longitudinal compression reinforcement mm?
Asmin |minimum area of longitudinal tension reinforcement mm?2
Ale total extreme steel area in a column or structural cong¢rete wall for computation mm?
of the balanced moment strength
Aki total side steel area in a column or structural conctete wall for computation of the mm?2
balanced moment strength
Al |total area of longitudinal reinforcement mm?2
A}y |wind exposed surface area m?2
Ay area of shear reinforcement withina distance s mm?2
i width of compression face of mémber, or width of the section of the member mm
b width of the column section, or'largest plan dimension of capital or drop panel, mm
for punching shear evaluation
b{o1 |dimension of column section in the direction perpendicular to the girder span m
Y effective width of-thé-Compression flange in a T-shaped section mm
b web width in a T-shaped section, or web width of girders, beams or joists, or thick- mm
ness of the web'in a structural concrete wall
bp perimetey of critical section for punching shear in slabs mm
d effective-depth, should be taken as the distance from extreme compression fibre mm
to centroid of tension reinforcement
d distance from extreme compression fibre to centroid of compression reinforcement mm
dp nominal diameter of reinforcing bar or wire mm
dc distance from extreme tension fibre to centroid of tension reinforcement or diam- mm
eter of the confined core of column with spiral reinforcement
dp diameter of pile, at footing base mm
D dead loads, or related internal moments and forces
E load effects of earthquake, or related internal moments and forces
E¢ modulus of elasticity of concrete MPa
, MPa

fc specified compressive strength of concrete

The result should
f positive square root of specified compressive strength of concrete have units of MPa
C

fed compressive strength of concrete reduced by the material factor MPa
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Symbol Explanation Unit
feu extreme fibre factored compressive stress at edges of structural walls MPa
fy specified yield strength of reinforcement MPa
fyd yield strength of reinforcement reduced by the material factor MPa

fypr  |probable specified maximum strength of reinforcement MPa (fypr=1,25"-
fy)
fys specified yield strength of transverse or spiral reinforcement MPa
fysd  |yield strength of transverse or spiral reinforcement reinforcement reduced by MPa
the material factor
F loads due to weight and pressures of fluids with well-defined densities and con-
trollable maximum heights, or related internal moments and forces
Fy sife soil coefficient
F;, Fx |design wind or seismic force applied at level i or x, respectively kN
Fiu, Fxy |fagtored design lateral force applied to the wall at level i or x, respectively N
Fs ndn-structural walls seismic force N
h depth or thickness of structural element or overall thickness of member mm
hp veftical distance measured from the bottom of the supporting girder to thébottom mm
ofthe supported beam
hcol  |dimension of column section in the direction parallel to the girdei~span m
hc hejight of the column section mm
hg slgb thickness mm
h;, hy |hefight above the base to level i or x, respectively m
hp clgar vertical distance between lateral supports of cglumns and walls mm
hpi  |story height of floor i, measured from floor finish of the story being evaluated to mm
flgor finish of the story immediately below
hg tofal height of the supporting girder mm
hyw hejight of entire structural concrete wall\from base to top mm
H loads due to the weight and pressure of soil, water in soil, or other materials, or
related internal moments and forees
Ic mément of inertia of the column’section m#4
1 sppn of structural element or length of span measured centre-to-centre of beams
or|other supports
I lemgth of clear spaminthe short direction of two-way slabs, measured face-to-face m
ofpeams or othep.supports
Iy IEI}lgth of clear'span in the long direction of two-way slabs, measured face-to-face m
ofpeams or.other supports
lq dejvelopment length for reinforcing bar mm
Im length of clear span in the direction that moments, shears and reinforcement are m
being determined, measured face-to-face of supports
Ij clear spacing between joists m
In length of clear span in the long direction of two-way construction, measured face- mm

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

Iy horizontal length of structural concrete wall mm
Iy column confinement length

L live loads, or related internal moments and forces

Ly sloping roof live load, or related internal moments and forces
my  |mass of the nonstructural wall kg
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Symbol Explanation Unit
My, |nominal flexural moment strength at section at balanced conditions N mm
Mypr |flexural moment strength at section at balanced conditions N mm

Mjy, My, |factored story moment caused by lateral loads at story i or x, respectively N mm
My nominal flexural moment strength at section N mm

My flexural moment strength at section N mm
My |probable flexural moment strength of the element at the joint face computed using N-m
fyprand ¢ =1
My factored flexural moment at section N-:-m
M- factored negative flexural moment at section N-m
u
M* factored positive flexural moment at section N-m
u
>M. |sum of lowest flexural strengths (¢ - My) of columns framing into a joint N-m
2 Mg |sum of flexural strengths (¢ - My) of girders framing into a joint N-m
AM, |factored unbalanced moment at a column-girder joint or factored-inbalanced N m
moment at a wall-girder joint
Py non factored dead load axial force at section or non factored’/concentrated dead N
load applied directly to the element
Ppn  |nominal compression axial load strength at section atbalanced conditions N
Pbr compression axial load strength at section at balanced conditions N
P}y |factored compression load on wall boundary element, including earthquake effects N
il non factored live load axial force at section ofthon factored concentrated live load N
applied directly to the element
Py nominal axial load strength at section N

Pn(hax) |maximum compression nominal axial load strength at section N
P{n  |axial tension strength at sectjon N
P{,  |factored tension force on wall boundary element, including earthquake effects

Py factored axial load at section or factored concentrated design load applied directly N
to the element or fagtored axial load on column or wall
P¢n |axial compressive strength at section N
>Pu |sum of all factored concentrated design loads within the span N
ak non-factored dead load per unit area N/m?
qi non-fagtored live load per unit area N/m?2
Gl factored load per unit area N/m?
It factored uniformly distributed reaction from the slab on the supporting girder, N/m
beam or structural concrete wall
a Taim toad; or retated fmtermal momernts and forces
Rm nonstructural wall seismic force reduction factor
Ry total factored concentrated reaction from a supported structural element N
YRy |sum ofall factored reactions from supported structural elements at the same story N
s centre-to-centre spacing of transverse reinforcement measured along the axis mm
of the element or spacing between stirrups or vertical spacing between bars of
skin reinforcement or spacing of longitudinal or transverse reinforcement or
clear distance between webs
S snow load, or related internal moments and forces
T cumulative effect of temperature, creep, shrinkage, or differential settlement, or
related internal moments and forces
Tu factored torsional moment at section N - mm
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Symbol Explanation Unit
U required factored strength to resist factored loads or related internal moments
and forces
Ve contribution of the concrete to the nominal shear strength at section N
AVe |factored design shear force from the development of the probable flexural capacity N
of the element at the faces of the joints
Viw, Vxu |factored story shear caused by lateral loads at story i or x, respectively N
Vn nominal shear strength at section N
Vs contribution of the transverse reinforcement to the nominal shear strength at section N
Vu fa¢tored shear force at section N
wq nan-factored uniformly distributed dead load per unit element length applied N/
directly to the element
wi nagn-factored uniformly distributed live load per unit element length applied N/m
directly to the element
wy fa¢tored uniformly distributed design load per unit element length applied N/m
directly to the element
w wind loads, or related internal moments and forces
Wy,  |total factored uniformly distributed design load per unit element length kN/m
a, frgction of the load that travels in the short direction in two-way slabs:on-girders
ap fraction of the load that travels in the long direction in two-way $labs-on-girders
as copstant used to compute nominal punching shear strengthdn'slabs
B ratio of clear spans in long to short direction of two-way-sldbs
0] strength reduction factor
A
p ratio of longitudinal tension reinforcement , -Sd
o' rafio of longitudinal compression reinforeement
Ph ratio of horizontal reinforcement jn‘structural concrete walls
Pmax | mMaximum permissible ratio oflengitudinal flexural tension reinforcement
Pmin |mInimum permissible ratio ©f longitudinal flexural tension reinforcement
Ps ratio of spiral reinforcement
Pt ratio of total longitudinal reinforcement area to gross concrete section area ﬁ
Pv ratio of vertical reinforcement in structural concrete walls
4.2 Abbreviated terms

col. column
deg. degrees
max. maximum
min. minimum
No. number
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5 Design and construction procedure

5.1 Procedure

The design procedure comprises the following steps. See Figure 1.

5.1.1 StepA

Definition of the layout in plan and height of the structure, following the guidelines of Clause 7.
Verification that the limitations of 6.1 are met.

5.1.2 StepB

Calcylation of all gravity loads that act on the structure using the guidelines of Clause 8, ekcluding the
selfweight of the structural elements.

5.1.3 StepC

Definition of an appropriate floor system, depending on the span lengths and the magniitude of the
gravity loads, according to the guidelines of Clause 10.

5.1.4 StepD

Trial| dimensions for the slab of the floor system. Calculation of the selfweight of the pystem, and
design of the elements than comprise it, correcting the dimension as required by the sfrength and
serviceability limit states, complying with the guidelinées of Clause 11 for slab systems with beams.

5.1.§ StepE

Trial|dimensions for the beams and girders."Calculation of their selfweight. Flexural and ghear design
of the beams and girders, correcting the'dimension as required by the strength and servicgability limit
states, complying with the guidelines of Clause 12.

5.1.4 StepF

Trial|dimensions for the ¢olumns. Calculation of their selfweight. Column slenderness verification and
design for combination(ef axial load and moment, and shear; correcting the dimension as(required by
the strength and serviceability limit states, complying with the guidelines of Clause 13.

5.1.7 StepG

If latpral leads such as earthquake, wind, or lateral earth pressure exist, their magnitude id established
using the guidelines of Clause 8; otherwise, the designer should proceed to Step I.

5.1.8 StepH

Preliminary location, and trial dimensions for structural concrete walls capable of resisting the lateral
loads are established, using the guidelines of Clause 16 for earthquake forces, the influence of their
selfweight is evaluated, and flexure and shear design of the structural concrete walls is performed,
complying with the guidelines of Clause 14.

519 Stepl

The loads at the foundation level are determined and a definition of the foundation system is performed
employing the guidelines of Clause 15. The structural elements of the foundation are designed.
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5.1.10 Step]

Production of the structural drawings.

5.1.11 StepK

The construction of the structure should be performed complying with the local construction and

practice.

Start

!

Definition of
the structure

:

Definition of
the loads

'

Floor slabs

:

Girders

:

Columns

Earthquake ?

Structural
walls

Foundation

Change member
section or add

no

18

structural members

yes

Structural
drawings

Construction

Figure 1 — Design procedure under the standard
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Design documentation

5.2.1 General

The design steps should be fully recorded in the following documents.

5.2.2 Calculation memoir

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

a)

b) 4

he general structural requirements of the project, as required by Clause 7;

i description of the structural system employed;

c) loads employed;

d) §

brade, strength and fabrication standards for all structural materials;

e) presentation of all design computations;

f) 9

5.2.3

The
of th
soil 1

5.2.4

ketches of the reinforcement layout for all structural elements!

Geotechnical report

peotechnical report should record, as a minimum, the-soil investigation performed, t}
e allowable bearing capacity of the bearing soil, thédateral soil pressures required for
etaining structure, and all other information required in Clause 15.

Structural drawings

All the drawings required for construction-of the structure of the building.

5.2.5
The

6 ¢

6.1

Thes|
limit

Specifications

fonstruction specifications required.

reneral guides

Limitations

e guidelines should be employed only when the building being designed complies
htions;set forth from 6.1.1 to 6.1.10.

le definition
esign of any

with all the

COIDAELL

6.1.

/AY
occuparicy

6.1.1.1 Permitted uses and occupancies

The intended use of the building being designed should be permitted for the occupancy groups and

subg

© ISO

roup as presented in Table 1.
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Table 1 — Permitted occupancies

Occupancy group Occupancy subgroup Permitted
Group A - Assembly Al Churches, theatres, stadiums, coliseums, gymnasiums NO
Building having an assembly room with capacity less than 100
A-2 . [YES]
people and not having a stage
_ . Building for use as offices, professional services, containing eating
Group B - Business B and drinking establishments with less than 50 occupants [YES]
Group E - E-1 |Classrooms for schools up to high-school [ YES]
Educational E-2 |Classrooms for universities [YES]
F-1 |Lightindustries not employing heavy machinery [ YES]]
Group F - Industrial
F-2 |Heavy industries employing heavy machinery NO
G-1 |Garages for vehicles with carrying capacity up to 2 000 kg YES
Group G - Ggrages
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 - H¢alth H-2 |Health care centers for ambulatory patients [ YES|]
H-3 |Hospitals NO
Group M - Mercantile M |Display and sale of merchandise YES
R-1 |Hotels [NO
Group R - Rgsidential
R-2 |Houses and apartment buildings YES
S-1 |Storage of light materials YES
Group S - Stgrage
S-2 |Storage of heavy or hazardous materials NO
Group U - Utility U |Utilities, water supply systenis; power generating plants NO
6.1.1.2 Mjxed occupancy

Buildings of
types of occ

6.1.2 May
The maximy

number of s
include the i

6.1.3 May

The maxim

fimum number of stories

fimum area per floor

im aread per floor should not exceed [500] m2.

mixed occupancy should be permitted to be designed using these guidelines when a
ipancy in the building are permitted by Table 1.

hm number of stories-for a building designed using these guidelines should be [5].
tories should inchide the floor at the level of the ground and any basement, and shoul
roof. The numberof basements should not exceed one.

I the

This
d not

6.1.4 Maximum story height

The maximum story height, measured from finished floor to finished floor 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.

6.1.6 Maximum difference in span length

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

20
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6.1.7 Minimum number of spans

The minimum number of spans in each of the two principal directions in 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 Maximum cantilever span

The maximum clear span length for girders, beams and slabs in cantilever should not exceed 1/3 of
the span length of the first interior span of the element, in order to avoid cantilevers too long for the
purposes of these guidelines.

6.1.9 Maximum slope for slabs, girders, beams and joists

It shpuld be permitted to use sloping slabs, girders, beams and joists, but the slope of the structural
element should not exceed 15° except in members that make part of stairways¢

6.1.10 Maximum slope of the terrain

The $lope of the terrain where the building is located should not exéeed, in any direction,|a value that
will produce a rise of the terrain, in the length of the building in that direction, of more thpn the story
height of the first floor of the building, without exceeding a slope\of [30°].

6.1.11 Distance between centre of mass and centre of rigidity

The flistance between centre of mass and centre of\rigidity shall be kept small to reduce the risk of
global torsion of the structure.

6.2 | Limit states

beyopnd which a structure or member becomes unfit for service and is judged either to e no longer
useful for its intended function or te bé unsafe.

The E‘esign approach of the present guidelines is based on limit states, where a limit state i§ a condition
The following limit states are ¢onsidered implicitly in the design procedure:
— gtructural integrity limit state;

— lateral load storydrift limit state;

— dlurability limit-State;

— flire limit.state;

— Tltimate 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 such combinations as stipulated in these guidelines. Alternatively to the use of
strength reduction factors, material factors may be used as described in Annex A.
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The basic requirement for ultimate limit state should be as given in Formula (1):

Strength > Load effects (@8]

To allow for the possibility that the actual strength may be less than computed and the load effects
may be larger than computed, strength reduction factors, ¢, less than 1,0, and load factors, y, generally
greater than 1,0, should be employed, as given in Formula (2):

QR 2y Sty S+ (2)

where

Ry  is the nominal strength;
S  istheload effects based on the nominal loads prescribed by these guidelines.
Therefore, the ultimate limit state design format requires that:

Design gtrength > Required factored strength 3)

or

1] (Nomilnal strength) =2U (4)

where the required factored strength is U=7vyq - S1 + y2 - S2 w&*

6.3.2 Redquired factored strength

The required factored strength, U, should be computed by multiplying service loads, or forces, byl load
factors using the load factors and combinationsescribed in 8.1.1.

6.3.3 Deslign strength

The design gtrength provided by a member, its connections to other members, and its cross-sections, in
terms of fleyure, axial load, and shear; should be taken as the nominal strength calculated in accordance
with the requirements and assuniptions of these guidelines for each particular force effect in each ¢f the
element types at the criticalcsections defined by these guidelines, multiplied by the following strgngth
reduction factors ¢.

[0,90]
[0,90]

a) Flexure| withoutaxial load ¢

b) Axial tepsionmand axial tension with flexure 0]

c¢) Axial cqmipression and axial compression with flexure:

1) columns with ties and structural concrete walls ¢ =1[0,65]
2) columns with spiral reinforcement ¢ =10,70]
d) Shear and torsion ¢ =1[0,75]
e) Bearing of concrete ¢ =10,65]

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 compliance with the serviceability
limit state under these guidelines should be obtained indirectly through the observance of the limiting
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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 aggressive
environment or corrosion of the reinforcement;

b) dimensional changes due to variations in temperature, relative humidity, and other effects;
c) excessive cracking of the concrete;

d) excessive horizontal deflections;

6) g¢xcessive vertical detlections;

f) ¢xcessive vibration.

7 $pecific guides

7.1 | Structural systems and layout

The definition of the structure comprises the the steps shown in Figure 2.

( )
Definition of the structute

\_ l J

( Structural System )

L and Layoutsection 7 )

e R

Arechitectural Program
following the items of 7.1.2.1

l

(General Structural Guidelines for the
\project following the items of 7.1.2.2)

l

Structural Layout

General Structural Layout Floor Layout should Vertical Layout should
stiould contain the items of 7.1.3.2 contain the items of 7.1.3.2 include the items of 7.1.3.3

Figure 2 — Definition of the structure

7.1.1 Description of the components of the structure

7.1.1.1 General

For the purposes of these guidelines, the building structure should be divided in the following
components.

7.1.1.2 Floor system

The floor system consists of the structural elements that comprise the floor of a story in a building.
In Clause 10, the different types of floor systems are covered by these guidelines. The floor system
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includes the girders, 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.

7.1.1.3 Vertical supporting elements

The vertical supporting elements that hold up the floor system at each story, and carry the accumulated
gravity loads all the way down to the foundation of the structure. Under these guidelines, they can be
either columns or structural concrete walls.

7.1.1.4 Foundation

The foundat
underlying i

such as spr
beams, and

footings ang

7.1.1.5 L3

The lateral
and transm
pressure. T
point of ap

of the laters4
down to the
these guide
concrete wa

7.1.1.6 Of

Other struc
tanks, and s

7.1.2 General programme

7.1.2.1 Ay

A general ag
before actuj

ion comprises all structural elements that serve to transmit loads from the structune
upporting soil, or are in contact with the soil, or serve to contain it. This includes.ele

ead footings, combined footings, foundation mats, basement and retaining walls, d

slabs on grade, among others. Deep foundations, such as piles and caissons, and thei
caps, are beyond the scope of these guidelines and are not covered hereir;

teral load resisting system

gk;nts

the

rade
" pile

e floor system should act as a diaphragm that carries in its\plane the lateral load fro
1 load resisting system, in turn, collect the forces arising from all floors and carry

ines, the main vertical elements of the lateral lgad resisting system should be struc
1ls.

her structural elements

fural elements that are part of thecstructure of the building are stairways, ramps, V
Jabs on grade.

chitectural progranime

chitectural programme of the building should be coordinated with the structural des
] structural design begins. The general architectural programme should include, at

load resisting system comprises the structural elements that, acting together, support
t to the ground the lateral loads arising from earthquake maotions, wind, and lateral ¢arth

the

ication to the vertical elements of the lateral load resisting system. The vertical elements

them

foundation, and through the foundation to the underlying soil. Under the requirements of

tural

vater

gner
east,

the followinjg items:

a) plan shape and-dimensions of all the floors of the building;

b) elevati(1n of the building and its relationship with the terrain, including the basement, if any;

c) type of roof, its shape and slopes, the type of water-proofing, the means to facilitate the runoff of
water from rain and melting snow or hail, and the location of drainage gutters;

d) wuse of internal spaces of the building, its subdivision, and means of separation, in all stories;

e) minimum architectural clear height in all floors;

f) location of stairways, ramps, and elevators;

g) type of building enclosure, internal partitions, architectural, and non-structural elements;

h) location 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.
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7.1.2.2 General structural guides for the project

Based in the general architectural programme information, the structural designer should define the
general structural input information for the structure being designed under these guidelines. These
general structural guides should include, at least, the following items:

a)
b)
‘)
d)
e)
f)
g)
h)
i)
i)

k)

intended use of the building;
nominal loads related to the occupation of the building;

special loads required by the owner;

[design earthquake motions, 1f the building is located 1n a seismic zone|;
ind requirements for the site;

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

fire protection requirements;

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

dllowable soil bearing capacity, and recommended foundatien system derived from the g
investigation, and additional restrictions related to expected settlement;

environmental requirements derived from local,seasonal and daily temperature
Ihumidity, presence of deleterious chemicals and,salts;

gvailability, type, and quality of materials such‘as reinforcing bars, cement, aggregates
qvailability of materials for formwork;
qvailability of a testing lab for concrete mix design and quality control during construd

gvailability of qualified workmanship.

7.1.3 Structural layout

7.1.3.1 General structural layout

The
incl

structural designer should define a general structural layout in plan. This general 13
e all information, in plan, that is common to all levels of the structure. See Figure 3.

The generakstructural layout in plan should include the following.

a)
b)

c)

d)

reotechnical

variations,

tion;

yout should

dimensioned grid of axis, or centrelines, in both principal directions in plan.

These axis should intersect at the location of the vertical supporting elements (columns and

structural concrete walls).

Location in plan of all vertical supporting elements, columns and structural concrete walls. These

vertical supporting element should be aligned vertically, and should be continuous

all the way

down to the foundation. Walls that separate spaces, built of reinforced concrete, can be made into
structural concrete walls if they are continuous all the way down to the foundation and have no

openings for windows or doors.

Location of all duct, shafts, elevators, and stairways, that are continuous from floor to floor.

Horizontal distance between centrelines, I, which corresponds to the centre-to-centre span lengths

of the floor system.
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f) Inseismic zones, the location and distribution of all structural concrete walls.

oLollo. o

Key

1 wall

2 shaft

3 centrelinjes grid
4  spanlength

5 column

Figure 3 — General structural layout in plan

7.1.3.2 Flpor layout

For each typical floor, the structural(designer should develop a structural floor layout (see Figure 4).
This layout $hould contain the following:

a) the supg¢rposition 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 inforpration including all substantial architectural openings in the floor;

d) an apprpximateload path from all floor areas to the supporting beams and girders.

7.1.3.3 Verticattayout

The structural designer should define a general structural vertical layout (see Figure 5). This vertical
layout should include all relevant information in elevation of the structure, including the following:

a) number of stories;

b) for all floors, the story height, defined as the vertical distance from finished floor to finished floor
of the floor 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;
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e) vertical space necessary to accommodate horizontal/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.

| ]

_+___

sl

|
| -

SEMECENECENE S

Key

1 gider

2  beam

3 dtructural perimeter
4  lpad path

Figure 4 — Typical floor structural layout

© IS0 2016 - All rights reserved 27


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

Key

1  floor finish 8 floor section details
2 slab 9  max.slope 15°

3  service dlements 10 max. slope 30°

4 ceiling 11 water table

5 floor finish 12 bearing spoibkstratum
6  architectural vertical clearance 13 buildingrelevation

7 hpj storyfheight

Figure 5 — Vertical layout of the building

7.1.4 Feasibility under the guidelines

Based on tHe layout information, thé_structural designer should verify the feasibility of performing
the structural design under the guidelines. The compliance with the following limitations shou|d be
verified.

a) The usq of the building-should be within the accepted occupancies of 6.1.1, and if of mixed uge, all
types of intended occupancies should be within those permitted.

b) The number of stories should not exceed the maximum permitted, given in 6.1.2.

c) The arep ofthelargest floor should not exceed the maximum permitted area of 6.1.3.

d Th L aialat £ 1 +all 4 + Jd £ £iosole & Fiasala L 14 4+ h
e St 1Ty " TICTEIIT UT TIIC tAdIIt st Stul y,  THTCTA S UT TU TT U THITSTFTOUTTIIITSIT, — STTOUTU  TTU T TALTTU t e

maximum permissible story height given in 6.1.4.
e) The span lengths should be within the maximum span length prescribed in 6.1.5.
f) The difference between adjacent spans should not exceed the limits of 6.1.6.

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

h) No girder, beam or slab cantilever, should exceed the limits of 6.1.8.

i) No sloping girder, beam, joist, or slab should have a slope greater than the maximum permitted
value of 6.1.9.
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8 Actions (loads)

8.1

General

The slope of the terrain, at the building site, should not exceed the maximum prescribed in 6.1.10.

This subclause provides minimum load requirements for the design of buildings under these guidelines.

Load

8.1.1

The

strer
set f
in o1
maxi

8.1.1

Requ
grea

{

8.1.1

If red
are 1
of D,
as gi

P

o~

but f]
than

s and the appropriate load combinations, should be used together.

Load factors and load combinations

following load factors and combinations should be employed to obtain the requiy
gth of the structural member or element, U, as stated in 6.3.1. In the followingload c
brth to obtain the required factored strength U, the symbol * in alternatinig)forces
e direction or the opposite, should be interpreted as the force with the.sign that
mum (positive) or minimum (negative) value of U.

.1 Dead and live load

ired factored strength, U, to resist dead load, D, and live lpad;’L, should be at least
fer of

j=[1,4]-D
 =[1,2]-D+[1,6]-L

.2 Rain load, snow load, and sloping roof live load

istance to structural effects for aispeécified rain load, R,, snow load, S, or sloping roof
equired to be included by the requiirements of the present guidelines, the following c
L, and (R, S, or L) should be.investigated to determine the greatest required factore
ven in Formula (7) and Formla (8):

=[1.2]-D+[1,6]-k%[0,5]-(R,orSor L)

1:[1,2]-D+[1,0]-L+[1,6]-(Ra or S or Lr)

pr any.cembination of D, L, and (R, S, or Ly), the required factored strength U shoulg
the value obtained employing Formula (5) and Formula (6).

ed factored
bmbinations
that can act
leads to the

equal to the

(5)

(6)

live load, Ly,

bmbinations
| strength U

(7)

(8)

| not be less

8.1.

3 wind

If resistance to structural effects for a specified wind load, W, is required to be included by the
requirements of the present guidelines, the following combinations of D, L, Ry, S, Lr and W should be
investigated to determine the greatest required factored strength U as given in Formula (9a) and

Formula (9b):

U:[1,2]-D+[1,0]-Li[1,6]-w+[0,5]-(Ra orS or Lr)
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U:[LZ]-D+[0,8]-W+[1,6]-(Ra or S or Lr)

(9b)

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

U=[0,9

]-Di[m]-w

(10)

but for any combination of D, L, and W, the required factored strength U should not be less than the
value obtained employing Formula (5) and Formula (6).

8.1.1.4 Eg

If resistancg

rthquake forces

 to specified earthquake forces, E, is required to be included by the requirements d

present guidlelines, the following combinations of D, L, and E should be investigated t6\determin,

greatestreq

U=[1,2

where load
severe cond

U=[0,9

but for any d
obtained enj

8.1.1.5 E4

If resistancd
factored str

Uz[Lz

except that
employed

U=[0,9

For any con
obtained en

uired factored strength U, as given in Formula (11):

]-D+[1,0]-Li[l,O]-E+[0,2]-S

combinations should include both full value and zero value of L to determine the
tion, and

]-Di[Lo]-E

ombination of D, L, and E, the required factored Strength U should not be less than the
ploying Formula (5) and Formula (6).

rth pressure

to earth pressure, H, is required by-the design procedure of these guidelines, the reqy
ength U should be at least equal to

]- D+[1,6]- L+[1,6] ‘H
where D or L reduce/the effect of H, the combination given in Formula (14) shou
]- D+[1,6] H

bination of D, L and H, the required factored strength U should not be less than the j
ploying Formula (5) and Formula (6). When the building structure as a whole should 1

permanent

f the
e the

(11

more

(12)

ralue

hired

(13)

d be

(14)

ralue
esist

inecompensated horizontal loads due to lateral soil pressure, ([1,6] - H) should be add

ed to

the right sid

e of Formula (10) and Formula (12).

8.1.1.6 Weight and pressure of fluids

If resistance to loadings due to weight and pressure of fluids with well-defined densities and controllable
maximum heights, F, is required by the design procedure of these guidelines, ([1,4] - F) should be added
to the right side of Formula (5) and [1,2] F should be added to the right side of Formula (6).

8.1.1.7 Other effects

Where structural effects T from differential settlement, shrinkage, or temperature change are
significant in design, the design should not be preformed using this document and the appropriate

standard of

30

each country should be employed.
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8.1.2 Mass of materials

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

8.1.3 Dead loads

Dead loads consist of the weight 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 purposes of design, the actual weights of materials and constructions should

be uged. In determining dead Ioads for purposes of design, the weight of fixed service equipment, such
as plimbing stacks and risers, electrical feeders, and heating, ventilating, and air conditionjng systems,
should be included. See Table 2.
Table 2 — Minimum density, p, for evaluation of dead loads from, material$
Material D(ilés/lr;%)p Material D(T{I; jlr;%)p
Aluminium 2702 Iron
Bituminous products Cast 71151
Asphalt and tar 1287 Wrought 71628
Gagoline 667 Lead 11 283
Grdphite 2145 Lime
Paraffin 890 Hydrated, loose 509
Peffroleum 842 Hydrated, compacted 7115
Brasps 8359 Masonry, brick (solid portion) 11828
Bronze 8772 Masonry, concrete (solid portion) 11986
Cement, Portland, loose 1430 Masonry, grout 21225
Cerajmic tile 2 384 Masonry, stone 2(574
Charjcoal 191 Mortar cement or lime 2|066
Cindgr fill 906 Particleboard 115
Coal| piled 795 Plywood 372
Congrete, plain 2288 Sand
Condrete, reinforced 2 384 Clean and dry 1[430
Copper 8836 River dry 1|685
Cork, compressed 222 Steel 71755
Earth Stone
Clafr, dry. 1001 Basalt, granite, gneiss 1(526
Claly-édamp 1784 Limestonemarble-quartz +H510
Clay and gravel, dry 1589 Sandstone 1303
Silt, moist, packed 1526 Shale 1462
Silt, moist, loose 1240 Terra cotta
Sand and gravel, dry, loose 1589 Voids filled 1907
Sand and gravel, dry 1748 Voind unfilles 1144
packed
Sand and gravel, wet 1907 Tin 7 294
Glass 2543 Water
Gravel, dry 1653 Fresh 985
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Table 2 (continued)

Gypsum, loose 1112 Sea 1017
Gypsum, wallboard 795 Wood, seasoned 445
Ice 906 Zinc, rolled sheet 7 135

8.1.4 Liveloads

For live loads, the requirements of the corresponding national standard should be met. When no
national standard is available, the requirements of ISO 2103 shall be used. For buildings in industrial

and storage

facilities, the requirements of ISQ 2633 shall he consulted for the determination of rea

listic

live loads.
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vibration, i.e. periods not exceeding 0,15 s, denoted as A, and usually expressed as a fraction of the
acceleration of gravity, g (acceleration of gravity may be taken as 10 m/s2).

For the purpose of the scope of these guidelines, the values for A; should be taken from the corresponding
national standard having jurisdiction over the site of the considered existing structure. When the
national code defines the maximum seismic ground motion for each considered site based on spectral
response accelerations at 5 % of critical damping, Ss, A; may be estimated as the value of Ss for a period
of 0,15 s, divided by 375 (44 = Ss/375). When the national code defines the maximum seismic ground
motion for each considered site based on a seismic zone factor Z, the value of A; should be taken equal
to Z. When no national code exists for the site of the building being considered, A; may be estimated
from the seismic hazard maps shown in Figure 6.
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8.1.7.3 No seismic hazard zones

A zone of the world where the value of the peak rock acceleration, A,, expressed as a percentage of the
acceleration of gravity, is estimated as less or equal to [0,05], may be deemed as a no seismic hazard zone.

8.1.7.4 Low seismic hazard zones

A zone where the value of A, is estimated as more than [0,05] but less or equal to [0,10], may be deemed
as a low seismic hazard zone.

8.1.7.5 Intermediate seismic hazard zones

A ZO]Le where the value of 4, is estimated as more than [0,1] but less or equal to [0,206'!8}_' be deemed
as anj intermediate seismic hazard zone. (1/

% *
8.1.7.6 High sesimc hazard zones %6\

a) North America
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b) Central America and the Carib{Qn
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¢) South America
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d) Europe and Africa
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Figure 6 — Global seismic hazard map
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8.1.7.7 Soil profile types

Based on the type of soil present at the building site, the soil profile shall be classified as one of the
following.

— Soil Profile Sa: hard rock with a measured shear wave velocity, vs > 1 500 m/s.

— Soil Profile Sg: rock with moderate fracturing and weathering with a measured shear wave velocity
in the range (1 500 m/s 2 vs > 750 m/s).

— Soil Profile Sc: soft weathered or fractured rock, or dense or stiff soil, where the measured shear
wave velocityisin the range (750 m/s > vs > 350 m/s), or,in the upper 30 m, the standard penetr

testres

— Soil Prq
measur
the star]
strengt

— Soil Pr
penetr
of plast

— Seismic
followin

ation

soil
qui

stance has an average value of N > 50 or a shear strength for clays s, =2 100 kPa.

file Sp: predominately medium-dense to dense, or medium stiff to stiff soil;ywher
bd shear wave velocity is in the range (350 m/s = vg > 180 m/s), or where, in the upper ]
dard penetration test resistance has an average value in the range (15 < N;<\50), or a s
h for clays in the range (50 kPa < sy < 100 kPa).

Zliile Sg: a soil profile where the measured shear wave velocity vs < 180/m/s, or the stan

ion test resistance has an average value N < 15 in the upper 30 m,-0r has more than 3
¢ (PI > 20), high moisture content (w > 40 %) and low shear strength (s, < 25 kPa) clay

hlly vulnerable soils: sites where the soil profile contains, soil having one or more d
g characteristics are beyond the scope of this document:

s vulnerable to potential failure or collapse under seismic motions, such as liquefiable
'k and highly sensitive clays, collapsible weakly.céiented soil;

peafs, highly organic clays, or both, with more than 3 m of thickness;

ver

soff

y high plasticity clays (PI > 75) with more than 8 m of thickness;

to medium-stiff clays with more th@n 40 m of thickness.

Soil exploration to obtain the needed valuesto classsify should always be conducted by an eng

familiar wit

8.1.7.8 Si

Site effects

values of th{
function of 4
Az in Table 3.

Site effect o
and designs

h these procedures.

te effects

shall be described\through the site soil coefficient for short periods of vibration, F,
 site soil coefficient for short periods of vibration, Fj, shall be determined from Table ]
1., and the soéilprofile type from 8.1.7.7. Linear interpolation can be used between valy

[ seisfnically vulnerable soils, as described in 8.1.7.7, are beyond the scope of this docu
shotlld be made under the national standard or other applicable standards.

b the
B0 m,
hear

dard
,5m

2

f the

50ils,

neer

The
b as a
es of

ment

Table 3 — Site soil coefficient

. . Site coefficient, F,, for short periods of vibration
Soil profile
A =[0,1] Ay =10,2] Ay =10,3] Ay =10,4] Ay 2[0,5]
Sa [0,80] [0,80] [0,80] [0,80] [0,80]
SB [1,00] [1,00] [1,00] [1,00] [1,00]
Sc [1,20] [1,20] [1,10] [1,00] [1,00]
Sp [1,60] [1,40] [1,20] [1,10] [1,00]
SE [2,50] [1,70] [1,20] [0,90] [0,90]
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8.1.7.9 Design response spectral ordinates

For buildings complying with the limitations set forth in 6.1, natural periods of vibration may be
assumed to fall within the range of short periods for which response to ground motion is constant.

The ordinates of the elastic design response spectrum, Sy, for a 5 % critical damping ratio, expressed as
a fraction of the acceleration of gravity, shall be calculated in the short periods of vibration range, using

Formula (15):

S, =2,5AF, (15)
8.1.8 Seismic design base shear
8.1.8.1 Seismic-resistant structural system
The keismic-resistant structural system shall be classified as a dual building’ frame system, where
an egsentially complete moment-resistant space frame provides support for gravity logds, and the
resistance to lateral loads is provided by reinforced concrete walls and_the moment-resjisting space
framge provides only a minimum collateral lateral load resistance.
8.1.8.2 Energy-dissipation capacity of the seismic-resistant structural system
The [energy-dissipation capacity in the inelastic range of. the seismic-resistant structyral system,
described by the response modification factor, shall havelawalue of R = 5,0.
8.1.8.3 Computation of the seismic design base shear
The seismic design base shear, Vs, equivalent\to the total horizontal inertial effects cajised by the
seisthic ground motions, shall be determined using Formula (16):

S, w
.= 16
s~ n (16)

Where S, shall be determined from Formula (15), R is the response modification factor|determined
from|8.1.8.2, and W corresponds to the total weight of the building.
W shall include the totalweight of the structure, plus the weight of all non-structural eldments, such
as whalls and partitions) permanent equipment, tanks and the contained liquid, in storage pccupancies
25 9 of the live lpad.and the snow load when the snow load exceeds 1,5 kN/m?2.
8.1.8.4 Vertical distribution of the design seismic forces
The [total ‘seismic design base shear shall be distributed over the height of the bujlding using
Formula' (17) and Formula (18). At each floor level designated as x, Fy shall be applied over the area of
the building in accordance with the mass distributions at that level.

F.=C, -V, (17)
and

W, -H
_ X X
Cvx T (18)
2 (wi - hy)
i=1
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9 General reinforced concrete requirements

9.1 General

This subclause contains the guides that are common to the reinforced concrete structural elements
covered by this document. They include guides for materials, concrete cover to reinforcement, details
and limits on the amount of reinforcement, and the procedures for defining the design strength of
members subjected to flexural moments, axial loads with or without flexure, and shear.

9.2 Additional requirements

The designer should comply with the additional requirements for each individual elemehb|type
described in] Clause 10 to Clause 16.

9.3 Materials for reinforced concrete

9.3.1 General

All materials employed in the construction of the structure designed following these guidelines [shall
conform to the International Standards listed below.

9.3.2 CenLent

Cement shafll conform to the following International Standards’ or corresponding national cement
standards:

— IS0 679
— IS0 29581-1;
— 1S5S0 863

9.3.3 Aggregates

Aggregates ghall conform to the following International Standards or corresponding national aggr¢gate
standards:

— IS0 6274;
— IS0 678p;

— IS0 678B;
— IS0 703B.

9.3.4 Water
Water used in mixing concrete should be potable, clean and free from injurious amounts of oils, acids,
alkalis, salts, organic materials, or other substances deleterious to concrete or reinforcement, and shall

conform to the applicable International Standards, specifically ISO 12439 or corresponding national
concrete mixing water standard.

9.3.5 Steel reinforcement

9.3.5.1 General

Steel reinforcement should be deformed reinforcement, with the exceptions noted in 9.3.5.4, and
shall conform to the following limitations, and comply to the corresponding International Standard,
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especially ISO 10144. Welded-wire reinforcement should be considered deformed reinforcement, under
the present guidelines.

9.3.5.2 Deformed reinforcement

The maximum specified yield strength for deformed reinforcement should be 420 MPa. Deformed
reinforcing bars shall conform to ISO 6935-2 or corresponding national deformed reinforcement
standard. ISO 6935-2 covers grades RB 300, RB 400, and RB 500 (300 MPa, 400 MPa, and 500 MPa
characteristic upper yield stress, respectively) and nominal diameters of 10 mm, 12 mm, 16 mm,
20 mm, 25 mm, 32 mm and 40 mm, although under the present guidelines, the nominal diameter of
deformed reinforcement bars is limited to 25 mm (see 9.3.8).

9.3.5

The
500
wire
wire

9.3.5

Plain
wire
Plain
stan
yield
althd

16 mm (see 9.3.8).

9.3.6

Adm|
admi

9.3.7
Cemq

forei
conc

9.3.9

Rein

.3 Welded-wire reinforcement

MPa. Welded wire reinforcement shall conform to ISO 6935-3 or corresponding natid
reinforcement standard. Under the present guidelines, the nominal diameter of wire
reinforcement is limited to 10 mm (see 9.3.8).

.4 Plain reinforcement

reinforcement should be permitted only for stirrups, ties; spirals, or when it is part
reinforcement. The maximum specified yield strength for plain reinforcement should
reinforcing bars shall conform to ISO 6935-1 or, corresponding national plain re
lard. ISO 6935-1 covers grades PB 240 and PB 300 (240 MPa and 300 MPa charactg
stress, respectively) and nominal diameters of (6\mm, 8 mm, 10 mm, 12 mm, 16 mm
ugh under the present guidelines the nominal diameter of plain reinforcement bars

Admixtures

xtures standard.

Storage of materials

ent and aggregates-should be stored in such manner as to prevent deterioration and
bn matter. Any material that has deteriorated or has been contaminated should not
rete.

Minimum and maximum reinforcement bar diameter

forcemient employed in structures designed under these guidelines should not hav

maximum specified yield strength for wires being part of welded-wire reinforcement should be

nal welded-
for welded-

pf a welded-
be 300 MPa.
inforcement
ristic upper
ind 20 mm),
s limited to

jxtures shall conform to the @applicable International Standards or corresponding national

intrusion of
be used for

b a nominal

diantefer,"dp, less than the minimum diameter nor should it be larger than the maximym diameter
pernritted:
Minimum bar diameter = Maximum bar diameter
dp dp

a) Deformed reinforcing bars (see 9.3.5.2) 10 mm 25 mm
b) Wire for welded-wire reinforcement (see

4 mm 10 mm
9.3.5.3)
c) For stirrups and ties 6 mm 16 mm
d) Plain reinforcing bars (see 9.3.5.4) 6 mm 16 mm
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9.3.9 Concrete mixture specification

Concrete mixture proportioning procedure should conform to the following International Standard or
corresponding national concrete mixture proportioning standards:

— IS0 22965-1;
— IS0 22965-2.

9.3.10 Concrete cover to reinforcement

9.3.10.1 Mjnimum concrete cover

The minimum concrete cover given in Figure 7 to Figure 10 should be provided for reinforcement.

15

NOTE Mjnimum concrete cover 75 mm.

Figure 7 —|All types of reinforcement of elemerits-cast against and permanently exposed to earth

50

50

NOTE Minimum concrete cover 50 mm.

Figure 8 — All types of reinforcement of elements exposed to weather or earth

42
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9.3.1

Diamn

Minimum concrete cover 40 mm.

igure 9 — All types of reinforcement of girders, beams, or columns, when not exj
weather or in contact with ground

25 mm

e e o o 9

Minimum concrete cover 25 mm.

not exposed to weather orin contact with ground

0.2 Special fire protection

0.3 Special corrosion(protection

e types of prefections are beyond the scope of these guidelines.

1 Minimum reinforcement bend diameter

eter of bend of the reinforcement, measured on the inside of the bar, should not be 1

valug

ps@iven in Figure 11,

bosed to

ire 10 — All types of reinforcement of solid slabs, structural concrete walls or jdists, when

h the designated fire protection inhours, for the building, is greater than 1 h, the copcrete cover
ps shown in 9.3.10.1 should belincreased by 6 mm per each additional hour of fir¢ protection
beyond the first hour.

ry aggressive envirfenments, special corrosion protection of the reinforcement should e employed,
as epoxy-coated-bars, air-entrained concrete concrete coating, special steels and ofther means.

bss than the
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a) Deformed reinforcing

bars

b) Plain rei

c) For stirr

9.3.12 Standard hook dimensions

The term “s

to Figure 15

a) 90° hook

b) 180° hogk

Diameter of
bend
3]
6 dp
. 6 dy
nfereing-bars d
ulps and ties b
<2

Figure 11 — Minimum reinforcement bend diameter

Fandard hook” as used in these guidelines should méan one of the following (see Figufe 12
).
O
S o
a 90° bend plus a 12 d}, extension -
at free end of bar 4 | o
) 5
/

Figure 12 — 90° hook

a 180° bend plus 4 d} extension at

' 6d
free end of bar (/\\‘/6‘L S

44

Figure 13 — 180° hook
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a 90° bend plus 6 dp extension at
free end of bar, or

6d,
<
<o
b

c) For stirrup

and tie hooks ) bb
a 135° bend plus 6 d}, extension at
free end of bar

/
\27
o
db

Figure 14 — For stirrup and tie hooks

7
. 0%
d). For confmement a 135° bend plus 6 dp o
stirrups, ties and . NS
. C extension at free end of bar, 4 ~
crossties in seismic
zonds but not less than 75 mm )

Figure 15 — For confinementstirrups and ties in seismic zones

9.3.13 Bar spacing and maximum aggregate size

The ¢lear spacing between parallel bars in a layer and the maximum coarse aggregate size should be
interrelated as follows.

9.3.14 Maximum nominal coarse aggregate size

Maximum nominal coarse aggregate size, see Figure 16, should be not larger than either of the following:
a) 1/5 of the natrewest dimension between sides of forms;

b) 1/3 of the.depth of slabs;

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

<3s/4

Qo

Key
1 slab
2 formwor]

<h/3

k

3 parallel bars

Figure 16 — Maximum nominal coarse aggregate size

9.3.15 Minimum clear spacing between parallel bars in a layep

In solid slah
should be tH
should apply

s, girders, beams and joists, the minimum cleat.spacing between parallel bars in a
e largest nominal bar diameter, dp, but not less than 25 mm (see Figure 17). These g

F also for the spacing between parallel stirtups or ties.

9.3.16 Minfimum clear spacing between parallellayers of reinforcement

In girders, i
upper layer

eams and joists, where parallel(reinforcement is placed in two or more layers, bars i
should be placed directly abové bars in the bottom layer with clear distance between 1
not less tham 25 mm. See Figure 17.

layer
hides

h the
hyers
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9.3.17 Minimum clear spacing between longitudinal bars in columns

In cqlumns, clear distance between longitudinal’bars should not be less than 1,5 dy, or

Figure 18.

o
/ S

N/

N

Figure 17 — Minimum clear spacing between paralleDbars in a layer and clear dj
between parallel layers of reinforcement

s z40
S 21,5 db

stance

10 mm. See

Figure 18 — Clear distance between longitudinal bars in columns
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9.3.18 C(lear spacing between parallel lap splices

Clear distance limitation between bars should apply also to the clear distance between a contact lap
splice and adjacent splices or bars.

9.3.19 Maximum flexural reinforcement spacing in solid slabs

In solid slabs, primary flexural reinforcement should be spaced no farther apart than three times the
slab thickness, nor more than 300 mm (see Figure 19).

Figure 19 — Spacing between flexural reinforcement in solid slabs

9.3.20 Maximum shrinkage and temperature reinforcement spacing in solid slabs

In slabs, shifinkage and temperature reinforcenient, should be spaced no farther apart than four fimes
the slab thigkness, nor more than 350 mm (seeFigure 20).

Figure 20 — Spacing between shrinkage and temperature reinforcement in slabs
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9.3.21 Maximum reinforcement spacing in structural concrete walls

9.3.21.1 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 350 mm (see Figure 21).

9.3.21.2 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 direction. The layers should be placed no less than 30 mm nor miefe than one-
third of the thickness of the wall from the surface of the wall. For exterior exposure, fhe exterior
surfdce layer should be placed no less than 50 mm, instead of the 30 mm prescribed. Sefe additional
requjrements in 14.4.2.

Figure 21 — Spacing between reinforcement in structural concrete walls

9.3.22 Special details per element type

The gdesigner, should comply with the additional reinforcement details required for each individual
element typeas required by Clause 9 to Clause 16.

9.4 | Development length, lap splicing and anchorage of reinforcement

9.4.1 Developmentlength

9.4.1.1 Reinforcing bars

The minimum length of embedment, 4, required on each side of a critical section for a reinforcing bar to
develop its full strength in tension should be 50 d, for the bar diameters permitted by these guidelines
in 9.3.8. It should be permitted to replace development length in one side of the critical section by a
length of bar ending in a standard hook complying with the minimum anchorage distance of 9.4.3. See

Figure 22.
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ld = 50db
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Key
1  critical spction
2 anchorage distance (see 9.4.3)

Whenever 1

should be mpultiplied by 1,8.

In a more a
section, for
value by usi

l

Figure 22 — Required development length for reinforcing bars

lain bars may be used instead of deformed bars, the development length specified

ccurate manner, the minimum length of embedment, Ig, required on each side of a cr
W reinforcing bar to develop its full strength'in tension may be calculated to a more acc
hg Formula 19:

0,25d, f,

The yield sti

of bar is expressed in millimetres, mm.

9.4.1.2 W

The development lengthsdg; of welded-wire reinforcement measured on each side of the critical se

to the end d
diameters p

d_\/}c,

>0,04d, f,

ength and the compressive strength are expressed in megapascals, MPa, while the dian

elded-wire reinforcement

f wire sheuld contain two cross-wires, but should not be less than 200 mm, for the
ermitted.by these guidelines in 9.3.8. See Figure 23.

1

here

itical
irate

(19)

heter

ction
wire

Key
1

i
|
i

4 = 2 crosswires
> 200 mm

l4 = 2 crosswires
> 200 mm

critical section

Figure 23 — Required development length for welded-wire reinforcement
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9.4.2 Lap splice dimensions

9.4.2.1 Reinforcing bars

The minimum length of lap for splicing of reinforcing bars should be 50 dp, for the bar diameters
permitted by these guidelines in 9.3.8. See Figure 24.

e
=

50d,

Figure 24 — Minimum lap splice length for reinforcing bars

9.4.2.2 Welded-wire reinforcement

Welded-wire reinforcement splicing should be attained by superimposing two cross-wires, but
the distance between the edge cross-wires should not be less than. 250 mm, for the wire diameters
pernjitted by these guidelines in 9.3.8. See Figure 25.

- o ® ® ® ® ® ® ® ® |
e e e e e e ) e

2 wires 2250 mm

Figure 25 — Minimum lap splice'length for welded-wire reinforcement

9.4.3 Minimum standard hook anchorage distance

The minimum distance between ¢he outer face of concrete and the critical section wher¢d the hooked
bar develops its full strength should not be less than 25 dy,. See Figure 26.

1 %
W
b 1 1
25d, \«4:
I U, "
2
| $ Zidb N

Key
1  critical section
2 cover requirement

Figure 26 — Minimum standard hook anchorage distance
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9.5 Limits for longitudinal reinforcement

9.5.1 General

Longitudinal reinforcement in reinforced concrete structural elements should be provided to resist
axial tension, axial compression, flexural induced tension and compression, and/or stresses induced
by variation of temperature and drying shrinkage from the concrete. The amount of longitudinal
reinforcement employed in the structural elements covered by these guidelines should be that
required to resist the factored loads and forces, but should be not less than the minimum values given
in 9.5. The dimensions of the structural element should be appropriately modified when the amount

of calculate

reinforcement required to resist the factored loads and forces exceed the maxi

um

amounts pe

9.,5.2
9521 M
Reinforcemd

provided in

Fmitted by 9.5.

Solid slabs and footings

jnimum area of shrinkage and temperature reinforcement

ent for shrinkage and temperature stresses normal to flexural reinforcement shou
structural solid slabs and footings where flexural reinforcement.extends in one dire

only (see Figure 27). The maximum spacing for this reinforcement should comply with 9.3.20

following m
shrinkage a

a) whered
b) where
pt=0,0

9522 M

inimum ratios of reinforcement area to gross concrete area, p, should be provide

hd temperature:
eformed bars with fy < 350 MPa are used pt20,002 0;

deformed bars or welded-wire reinforcement with fy > 350 MPa are used
18.

inimum area of tension flexural reinforcement

The minimum area of tension flexural reinforcement, As min, in structural solid slabs and footings s}

be greater t
required by
comply with

han or equal to the reinforcement area required for shrinkage and temperature stressg
9.5.2.1 (As,min 2 pt - b - h). See Figure 27. The maximum spacing of this reinforcement s}

9.3.19.

-

d.

As

d be
ction
The
d for

1ould
es as
jould

Figure 27 — Slab or footing section

9.5.2.3 Maximum area of tension flexural reinforcement

The maximum reinforcement ratio, p = As/(b - d), permitted for tension flexural reinforcement in solid
slabs and footings should not exceed the value of pmax, stipulated in Table 4. In solid slabs and footings,
flexural reinforcement in compression should not be taken into account in the computation of design
moment strength.
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Table 4 — Maximum flexural reinforcement ratio, pmax for solid slabs and footings

fy (MPa)
240 300 400
20 0,022 0 0,016 0 0,011 0
fcl 25 0,027 0 0,0200 0,014 0
a ) ) )
(MPa) 30 0,032 0 0,024 0 0,016 0
35 0,036 0 0,027 0 0,018 0

9.5.3

9.5.3

At eV

It should be permitted to interpolate for different values of fy and fC .

Girders, beams and joists

.1 Minimum area of tension flexural reinforcement

following values, where pnin, is the value stipulated in Table 5.

b) 1

ery section of a girder, beam or joist, where tension flexural reinforcement is required
the minimum area of tension flexural reinforcement, As min, should bé greater than or

by Clause 9,
pqual to the

A

a) Forrectangular sections and for T sections where the flange/is in compression (see Figure 28):
As,min = pmin -d- bw (20)
b
~ s
<~ ~=
J < M F
bw bW
Figure 28 — Rectangular section and T-shaped section with flange in compregsion
‘or-T sections where the flange is in tension (see Figure 29), should be greater than or|equal to the
Tatter vatue obtaimed from Formuta {21 or Formuta 227
s,min :z'pmin 'd'bw (21)
As,min = Pmin d- bf (22)
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dc

W

Tabl¢ 5 — Minimum flexural reinforcement ratio, pmin, for girders, beams-and joists
fy (MPa)
240 300 400
Pmin 0,005 8 0,004 7 0,003 4
It should be [permitted to interpolate for different values of fy and fc' ,or use the Formula (23):
Ve 1,4

Poin 2[0,25——= > ——
9.5.3.2 Mpximum flexural reinforcement ratios
The ratio of tension flexural reinforcement,.p{ should not exceed the following values express

function of (

Figure 29 — T-shaped section with flange in tension

max as given in Table 6:

(23)

bd in

(24)

e 30):

(25)

a) ingirde
A
-
P b -(
b) ingirde
p—p 4
54

rs, beams and joists, havingsenly tension flexural reinforcement:
i < Prmax
's, beams and joists, having tension and compression flexural reinforcement (see Figurg
!
A, — A )
b < d - pmax
b
S
//(k ~
~
A's
~

Figure 30 — Section with tension and compression reinforcement
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Table 6 — Maximum flexural reinforcement ratio, pmax, for girders, beams and joists

fy (MPa)
240 300 400
20 0,032 0 0,024 0 0,016 0
fcl 25 0,0400 0,0300 0,0200
(MPa) 30 0,048 0 0,036 0 0,024 0
35 0,056 0 0,042 0 0,028 0

It shguld be permitted to interpolate for different values of fy and fC' or use Formula (261:

9.54

9.54

The
than

9.54

Long

9.5.4.3 Minimum number of longitudinal bars

Ther
in sq
with

9.5.4.4 Distribution’of longitudinal bars

The ]
man

9.5.5

1

f. 600

f, 600+ f,

max )

Columns

.1 Minimum and maximum area of longitudinal reinforcement

fotal area of longitudinal reinforcement for columns, Agi{should not be less than 0,
0,06 times the gross area, Ag, of section as given in Forndla (27):

A
01<p, = A—St <0,06

g
.2 Minimum diameter of longitudinal-bars

itudinal bars in columns should havela nominal diameter, d}, of 16 mm or more.

e should be at least one lengitudinal bar in each corner of the section for a minimum
pare and rectangular calumns with ties, and a minimum of six longitudinal bars in roy
spirals.

her that'the clear spacing between bars along all faces of the column is approximately

Structural concrete walls

(26)

1 nor more

(27)

pf four bars,
ind columns

ongitudinalbars in the column should be distributed along the perimeter of the section in such a

bqual.

9,5.5.1 Minimum area of vertical reinforcement

The minimum ratio, py, of vertical reinforcement area to gross concrete horizontal section area should

be 0,

002 5.
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9.5.5.2 Maximum area of vertical reinforcement

The maximum ratio, py, of vertical reinforcement area to gross structural concrete wall horizontal
section area should be 0,06, but when the ratio, py, exceeds 0,01, the vertical reinforcement should be
enclosed with ties as prescribed for columns in 9.6.4.1.

0,0025< p, =

A
st 1<0,06

w’'w

9.6 MinilLum amounts of transverse reinforcement

9.6.1 Gen

Transverse
shear, diagg
of compresj
and to prey
seismic zon
of concrete
employed ir
factored loq
dimensions
reinforceme

permitted i these guidelines.

9.6.2 Slal

The design
transverse ]
slabs are be

9.6.3 Girders, beams and joists

9.6.3.1 M

The minimuy|

eral

reinforcement in reinforced concrete structural elements should be.provided to 1
nal tension, and torsion stresses. It should be provided also to counteract the tend
ion loaded bars to buckle out of the concrete by bursting the thin outer concrete ¢
ent displacement of the longitudinal reinforcement during censtruction operation
s, it should be placed in special regions of the structural elements to provide confine
subjected to stresses in the nonlinear range. The amount* of transverse reinforce
the structural elements covered by these guidelines shHould be that required to resig
ds, forces, and stresses, but should be not less than the’minimum values given by 9.6)
of the structural element should be appropriately modified when the amount of calcu
nt required to resist the factored loads, forces and'stresses, exceed the maximum amg

)S

procedures for slabs prescribed by these guidelines do not require the employme]
einforcement in slabs. The procedures for design of transverse or shear reinforcemsg
yond the scope of this document.

inimum transversereinforcement

m transverse feinforcement in girders, beams and joist should be the required for she
9.8.4.3 and.9:8:4.4, with the exceptions noted in 9.6.3.2.

specified in

9.6.3.2 Girders.and beams in seismic zones

Girders and

beams framing into columns and structural concrete walls located in seismic zones s}

(28)

esist
ency
over,
s. In
ment
ment
t the

The
lated
unts

nt of
nt in

Ar, as

1ould

be provided

with confining transverse reinforcement as required in Clause 17.

9.6.4 Columns

All columns should have transverse reinforcement in the form of either tie reinforcement or spiral
reinforcement conforming to 9.6.4.1 or 9.6.4.2, respectively.

9.6.4.1 Ti

es

Transverse reinforcement in columns in the form of ties, should comply with the following guides.

a) All longitudinal columns bars should be enclosed by lateral ties made with bars at least 10 mm in
diameter (dp =2 10 mm).
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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 31).

c) No longitudinal bar should be farther than 150 mm clear on each side along the tie from a laterally
supported longitudinal bar (see Figure 31).

d) The vertical spacing of ties, s, should not exceed 16 longitudinal bar diameters, 48 tie bar diameters,
or the least dimensions of the columns section (see Figure 32).

e) The first tie should be located one-half 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 tie spacing
helow the lowest horizontal reinforcement of shallowest memher cllppnrtpd abaove

x <150 x >150

X X X X X X

Figure 31 — Arrangement ofities in a tied column section
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3a

aced

of a

Key

1 longitudinal bars

2 tie

3 smaller ¢f

a 16 dy (lopgitudinal bars)

48 dy, (ti¢ bar)
b
Figure 32 — Vertical'spacing of ties in a tied column

9.6.4.2 Spirals

Columns with spiral reinforcemient should comply with the following guides.

a) All longitudinal columim~bars should be enclosed by a spiral consisting of an evenly sy
continupus bar at least 10 mm in diameter (dp = 10 mm).

a) Clear spgacing between spirals should not exceed 80 mm, nor be less than 25 mm, and should comply
with 9.3.13,

c¢) Anchorage/of the spiral reinforcement should be provided by 11/2 extra turns at each end
spiral unit.

d) Splices in spiral reinforcement should comply with 9.4.

e) Spirals should extend from top of footing or slab to level of lowest horizontal reinforcement of
shallowest member supported above. In columns with capitals, the spiral should extend to a level at
which the diameter or width of capital is two times that of the column.

f) Ratio of spiral reinforcement, ps, defined as ratio of the volume of reinforcement contained in one
loop of the spiral to the volume of concrete in the core of the column confined by the same loop of
spiral, should be not less than any of the values given by Formula (29) (see Figure 33):
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0,12 e

A -m-d s
p=b " % Y (29)

A -s
C ’
0,45 —& -1 L
Ac fys

oS

Ay is the area of the bar of spiral;

d. 1isthe centre-to-centre diameter of the spiral;

4 isthe vertical spacing of the spiral;

A¢ isthe area of the confined column core measured centre to centre of the spiral A( = ¢l

fg is the gross column section area;

& is the specified concrete strength of the column;
C

fiys is the yield strength of the steel of the spiral;

Key
1 longitudinal bars
2 spiral

Figure 33 — Spiral reinforcement of column
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9.6.4.3 Column-girder joints

At joints of frames where columns and girders meet, a minimum of three column ties, complying with
a) to ¢) in 9.6.4.1, should be provided within the joint and the maximum vertical spacing between ties
should be 150 mm. As many ties as necessary to comply with the maximum spacing should be provided.

See Figure 34.

9.6.5 Structural concrete walls

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

1
2
77—y

3 3

/ \ e \ _
d b h % /‘% / ’ J 4
Vg | -

7/ ) Z _

6 ' \53

column lpngitudinal reinforcement

column t[ies

girder stjrrups

1
2
3
4  gider longitudinal reinforcement
5 jointties

6

joint
a  $<150 mm.

Figure 34 — Column ties in column-girder joints
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Strength of members subjected to bending moments

9.7.1 General

Calculation of the design strength of member sections subjected to bending moments should be
performed employing the requirements of 9.7. If the factored axial compressive load on the member, Py,

exceeds (0,10 St -Ag), the calculation of the design strength should be performed employing the

requirements of Clause 13.

9.7.2 Eactored bending moment at section
(=]

The factored bending moment at section, My, caused by the factored loads applied-to-the structure
should be determined, for the particular element type, from the requirements of Clause $, Clause 10,
Clause 11, Clause 12, Clause 15 and Clause 16.
9.7.3 Minimum design bending moment strength
The design bending moment strength of the section, (¢ -+ My), should be-greater than or equal than the
factdred bending moment at that section, My, as shown in Formula (30).
¢-M,z2M, (30)
9.7.4 Design moment strength for rectangular sections with tension reinforcement pnly
9.7.4.1 Design moment strength
For 4 section with tension reinforcement only,*the design moment strength at the sectiop, should be
obtalned using Formula (31):
§-My =9 A fy|d—= (31)
n s Jy 2
whete the depth of the equivalent uniform stress block, a, should be (see Figure 35)|as given in
Formula (32):
A.-f
4= s Jy (32)
0,85 fl<b
085-fc-b-a
0,85 'fc Q
S
= R W My
- =
G/
As 'fy =
= N
S~
S
=
Figure 35 — Flexural nominal moment strength
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It should be permitted to use Formula (33), where the value of a has been introduced in Formula (31) to

Formula 32:

¢'Mn=¢"4s'fy'd'[

A_-f
1_0,59.#
b-d-f!

|

(33)

For the purposes of these guidelines, it should be permitted to approximate the design moment strength

in slabs, an

d also in girders, beams and joists where p < meaX

respectively, as Formula (34):

, with ppax from Tables 4 and 6,

¢'Mn A

9.7.4.2 Obtaining the flexural tension reinforcement area

The require

with Formu

A M .
p=—SL =g |a?- e 2ra
b-q ¢-b-d*> [,
fe . . . :
where a = +———, or using the approximate Formula:-{34), in slabs where p < pmax, with pmax
1,18 - fy
Table 4, angl in girders, beams and joists whete p < meaX, with pmax from Table 6, as giv¢
Formula (34):
p AS Mu

¢-Ag-f,-0,85-d

S

o-a)

a (31), and using the factored flexural moment, My, as givenin Formula (35):

d ratio of flexural reinforcement, p = , should be obtained,eombining Formuld

b

In Formula

[ ¢.b-d? -0,85- f
35) and Formula £36), ¢ = [0,90] (see 6.3.3). If the value obtained from Formula (3

Formula (36)

slabs, if the

correcting t
than ppax fr
dimensions,

is smaller thampmin from 9.5.2.2 and 9.5.3.1, p should be increased to that value
bbtained value'of p is greater than ppax from Table 4, the slab depth, h, should be incre
he selfweightof the slab. For girders, beams, and joists, if the obtained value of p is gr

making the appropriate correction for the selfweight, should be investigated.

9.7.5 Use

(34)

(30)

(35)

from

bn in

(36)

b) or
. For
nsed,
bater

pm Tablé.6) the possibility of either using compression reinforcement (see 9.7.5), or changing

of rnmprpccinn reinforcementin girdprc' hnamc' and inicfc

9.7.5.1 Tension reinforcement less than maximum

If the ratio of tension reinforcement, p, is less than ppyax as given in 9.5.3.2, the effect of reinforcement in
the compression face of the element should be permitted to be disregarded.

9.7.5.2 Shallow doubly reinforced sections

d
If the ratio of ”l is greater than the values given in Table 7, the compression reinforcement should be

considered not to be effective.
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!

. d . . .
Table 7 — Maximum values of ’l for compression reinforcement to be effecti

f; (MPa) 240 300 400

1
d' 0,320 0,250 0,150
d

It should be permitted to interpolate for different values of fy.

ve

9.7.5.3 Design moment strength of sections with compression reinforcement
dl
Whep the condition of — is met, the design moment strength at the section should ‘be|as given in
Formula (37) (see Figure 36):
§-M, =¢-|(4,-4;)- £, (0.85d)+ 4 - f, -(d-d)] (37)
wheife the depth of the equivalent uniform stress block, a, should be in this case as given in Formula (38):
A -A)f
_ ( s s ) y (38)
0,85- f.-b
Sinc¢ Formula (37) assumes the compression reinforcement yields, this should be verified.
A’s'fy _0,85‘fc‘b'a
0,85 'fc o~
S~
]
Y < 7 o M,
> =
As 'fy =
N
~
S
=
Figure(36 — Flexural nominal moment strength for doubly reinforced sectigns
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9.7.5.4 Obtaining the flexural tension and compression reinforcement area

The required area of flexural tension reinforcement, As, and compression reinforcement, Aé , should be

obtained combining Formula (30) with Formula (37), and using the factored flexural moment, My, as
follows:

M b-d?- .0,85
4l = T Pma (39)
¢ fy-(d-) (4-a)
and
A =Al+p . -b-d (40)

In Formula (39) and Formula (40), ¢ = [0,90]; see 6.3.3 a). The steel ratio, pmax, should bé obtained ffrom

!
Table 6. Thils procedure should be used only when the condition of % of 9.7.5.2 is met. Comprefsion

reinforcemgnt should be enclosed by ties as required by 9.6.4.1.

9.7.6 T-b¢am effect

In beams thpt are cast monolithically with a slab and when subjectéd to flexural moments that irfduce
compression stresses in the slab, a portion of the slab should bé\permitted to act as a flange df the
beam, and the flexural design should comply with the requiremeénts of 9.7.6.1 to 9.7.6.5.

9.7.6.1 Effective flange width for beams with slab in both sides

The width (Islab effective as a T-beam flange, b, should hot exceed the following (see Figure 37):
a) one-qudrter of the span length of the beam;

b) 16 timep the slab thickness hy, plus the web thickness, by;

c) the clear distance between webs plus the web thickness, by,
ba

* SHZ 727 I

bw S

1/4
a b <min.of 16-h . +b

s+b
w

Figure 37 — Effective flange width for T-beams with slab in both sides
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9.7.6.2 Effective flange width for beams with slab in one side only

The width of slab effective as a T-beam flange, b, should not exceed the following (see Figure 38):
a) one-twelfth of the span length of the beam plus the web thickness, by;

b) six times the slab thickness hy, plus the web thickness, by;

c) one-halfthe clear distance to the next web plus the web thickness, byy.
ba

% 2

(.

hg

/12 + b

f12+b,

a  p<min.of<6-h. +b
w

f
52+ b,
Figure 38 — Effective flange width-for T-beams with slab in one side only

9.7.4.3 Isolated T-beams

The flange thickness, hy, in isolated T-béams should be at least one-half of the web thickness, by, and the
effective flange width, b, should net exceed 4 by, nor bs (see Figure 39).

by

ba

bw

4.p
a  p<min.of , w

f

Figure 39 — Effective flange width for isolated T-beams
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9.7.6.4 Design moment strength of T-beams

When the flange is in compression the moment strength should be calculated as for a rectangular
beam using 9.7.4.1, as long as the depth of the equivalent uniform stress block, a, lies within the flange
thickness, ht. See Figure 40. The last condition should be verified using Formula 41.

A - fy
h >2a and a = ——— (41)
0,85-f b
by
o
e LLLL L L L L
=
= bw \ As
Figure 40 — Effective cross section for moment strength calculation of T-beams
9.7.6.5 Obtaining the flexural tension reinforcement area
The requir¢d ratio of flexural reinforcement, p < (—S) for T-beams, should be obtained [from
b-d
Formula (33) or Formula (36), and the flexural reinforcement ratio, p, should not exceed the value given
by Formula [42) in order for the depth of the equivalent uniform stress block, a, to lie within the flange
thickness, h}.
0,85 f -h
p< _# (42)
f, -d

If the value pbtained from Formula {35) or Formula (36) is smaller than ppin from 9.5.3.1, p shoulld be
increased t¢ that value. If the‘obtained value of p is greater than pmax from Table 6, the dimenfions
should be canged, making-the appropriate correction for the selfweight.
9.8 Strength of members subjected to shear stresses
9.8.1 General
Calculation efthe dcoisu Sty custh of-member-sections bubjr;t,tcd to diasuua} terrstorror-shear-streésses
should be performed employing the requirements of 9.8. Two type of shear stress effects are covered by
these guidelines:
a) beam-action shear that accompany flexural moments and occurs in girders, beams, joists, solid

slabs and 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 the vicinity

of supports and concentrated loads.

Other types of diagonal tension effects, such as special effects in deep flexural members, shear-friction
employed in the design of brackets and corbels, and strut-and-tie models, are beyond the scope of this

document.
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9.8.2 Factored shear

The factored shear, 1, caused by the factored loads applied to the structure should be determined, for
the particular element type, from the requirements of Clause 11 to Clause 16.

9.8.3 Design shear strength

The design shear strength at the section of the element, (¢ - V4), should be greater than or equal than
the factored shear, V,;, as shown in Formula (43):

6V 2V, (43)

In Fdrmula (43), ¢ = [0,85]; see 6.3.3 d).

9.8.4 Beam-action shear

9.8.4.1 General

The guides in 9.8.4 should be applied to the design of members for.beam-action shear. The following
genefal guides should be employed.

a) Where shear reinforcement is used the design shear strength, ¢ - V, should be computed using

Formula (44):
gV, =¢-(V. +V,) (44)

In Formula (44), ¢ - V. is the contribution of-the concrete to the design shear strength, and ¢ - Vs
ils the contribution of the shear reinforcement, where employed, to the design shear [strength. In
I

Formula (44), ¢ = [0,85]; see 6.3.3 d).

b) Where support reaction, in direction of the applied shear, introduces compression into the end
fegions of the member, and no conéentrated load occurs between the face of support and a distance
from the support equal to d for girders, beams, joists, columns, slabs and footings, th¢ sections in
Ibetween should be permitted to be designed for the same factored shear, V,, computed at d.

9.8.4.2 Contribution of concrete to beam-action design shear strength

At eqch critical location to be investigated, only the contribution of the concrete of thg web of the
bean should be taken into account (see Figure 41) and it should be computed using Formula (45) with
¢ =1[P,85]; see 6:3.3 d).

q-VC=¢-2-{\/§]-bw-d (45)

In Formula 45, for solid slabs and footings, by, should be taken as the width of the section, b. See
Figure 42.

9.8.4.3 Shear reinforcement

In girders, beams, and joists, the contribution to the design shear strength at the section of the shear
reinforcement perpendicular to the axis of the element should be as given in Formula (46):

A, fys-d

N

¢-Vy=¢- (46)

where
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Ay is the area of shear reinforcement perpendicular to the axis of the element within a distance, s;
fys 1s the yield strength of the steel of the shear reinforcement.

In Formula (46), ¢ = [0,85]; see 6.3.3 d).

The contribution of the shear reinforcement to the design shear strength should not be taken greater

than Formula (47):

2 I . — . .
¢'VSS¢'{§‘\/Z b, d} 4.V, (47)

Shear reinfgrcement for solid slabs and footings is beyond the scope of this document.

dV <
R
\
dc

Figure 41 - Contribution of concrete to beam-action shear strength in girders, beams, and jpists

dc

Figure 42 — Contribution of concrete to beam-action shear strength in solid slabs
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9.8.4.4 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.

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 Formula (48). The maximum spacing s
along the axis of the element should not exceed d/2, nor 600 mm. See Figure 43.

1 b -s b_-s
4, =—f: w_ > W (48)
16 fyS 3. fys

In Formula (48), Ay corresponds to the product of the area of the bar of the stirrup, Ay, multiplied by
tthe number of vertical legs of the stirrup.

c¢) Where the factored shear, 1}, exceeds ¢ - V. the difference (Vy - ¢ ) V¢) should be Erovided for
y shear reinforcement, using Formula (44), Formula (45) and Formula (46) and the following
imitations should be employed (see Table 8).

1) The amount of shear reinforcement should not be less than that determined using Formula 46.

2) If the value of ¢ - Vs, calculated using Formula (46):s less than (2 - ¢ - V) the spading limits of
9.8.4.4 b) should be employed.

3) Ifthe value of ¢ - Vs, calculated using Formuta.(46) is greater than (2 - ¢ - V) the spacing limits
should be half of the values of 9.8.4.4 b).

4) The value of ¢ - Vs, calculated using Formula (46) should not be taken greater than|(4 - ¢ - ¢).

a

L
T _ e - -

= bw s S S s s

a  Av=4‘%

[,
a/L

b s<min. {600mm

A -
3 v fy/bw

Figure 43 — Minimum shear reinforcement in girders, beams, and joists when
(P-Ve/2sVu<gp-V)
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Table 8 — Shear reinforcement in girders, beams, and joists, maximum spacing

Required minimum
Value of factored s area of shear rein- . .
shear, V/, Limiting value of (¢ - V) forcement A, within a Maximum spacing, s
distance, s
(¢VC ) SV not required
2 u
A \/f_' S
\% c N
(¢Vc)>Vl > bos s <min. of 600 mmh
2 w
3. fys
(Vu_¢.VC).S d/Z
2:9-V.>¢-V, A, =————— | s'smiin. of 1600 mm
¢ fys-d
ys 3-4, -fys b,
Vuz ¢Vc) (Vu—¢-VC)-S d/4’
49V . >¢- V. 22:¢-V | A, =———F—==—— | s <min. of {300 mm
¢'fys'd 3'Av-fys b,
¢ - VS >4-¢- VC ngbtpermitted

9.8.5 Two-way action shear (punching shear)‘in‘solid slabs and footings

9.8.5.1 General

The shear strength for two-way action-shear, or punching-shear, should be investigated at edg
columns, copcentrated loads, and supports, and at changes of thickness such as edges of capitalj

drop panels

9.8.5.2 (Critical section définition for two-way action shear

The critical [sections to.bé investigated should be located at a distance d/2 so that its perimeter b

minimum.

es of
and

his a
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9.8.5.3 Two-way action shear design strength

The design shear strength should be the smallest of the values obtained from Formula (49), Formula (50)
and Formula (51), with ¢ = [0,85]; see 6.3.3 d):

¢-Vn=¢-VC:¢-{1+ﬁ£]- gc ‘b, -d (49)

C

where f¢is the ratio of long side to short side of the column, concentrated load or reaction area, as given
in Formula (50):

-Vn=¢-VC:¢-{2+aS—'d]- e by -d (50)
b, || 12

==

whete as is 40 for interior columns, 30 for edge columns, and 20 for corner columns, and

‘/E by -d (51)

3

V=0V, =4

10 Floor systems

10.1 Types of floor systems

10.1{1 General

This|clause describes the floor systems covered by the scope of this document. The flpor systems
employed by a building designed under this.document should be one of the systems covedred or their
pernjitted variations. The selection of an-appropriate floor systems should be performed studying
several alternatives.

10.1{2 Slab-on-girder system

10.1{3 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 axis, spanning the distaﬂ:ce between
columns. A solid slab is supported by the girders. The slab can cantilever out of the edge Heam. In this
system, the slabthas a shallower depth than the girders (see Figure 44). For this system, tHe guides for
struqtural integrity of 10.3 should be complied with.
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Figure 44 — Slab-on-girder floor system

e of intermediate beams

itate to the joist system, described in 10.1.4.

10.1.3.2 Advantages of slab-on-girder system

For the slabA
with the str

hain variations of the system is the use of intermediate beams, supported on the girders.
ral beams can be employed per spafi; The intermediate beams can be of the same height of
r shallower. These intermediateé beams can be used in one direction, as shown in Figute 45,
rections, as shown in Figure 46. The use of too many intermediate beams will makp the

on-girder system;each component has the appropriate minimum depth and width to comply
bngth or serviceability guides; therefore, having a relatively low selfweight. The system can

accommodate spans of:afy size, can easily be adapted to any plan shape, and large perforations, dlucts

and shafts, ¢

an be lo€ated without major problems.
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-

U

Key
dlab

dirder

htermediate one-direction beam

—

Figure 45 — Use of one-direction intermediate beams in the slab-on-girder floor|system

2
1
3
<
Key
1 slab
2 girder

3 intermediate two-direction beam

Figure 46 — Use of two-direction intermediate beams in the slab-on-girder floor system
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10.1.4 Joist systems

10.1.4.1 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 axis, spanning the distance between columns. A thin solid slab spans the
space between joists. See Figure 47.

For this system, the guides for structural integrity of 10.3 should be complied with. The thin slab cannot
cantilever out of the edge joist. In this system, the joists area usually of the same depth of the girders,
but 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, h, of the joist, nor [1,2] m. The width of the-wleb of
the joist shquld be not less than [120] mm at the upper part. The minimum width should ndt bg less
than [100] mam. The clear depth of the joist should be not more than [5] times its averageywidth. See
Figure 48. Tihe thin slab should comply with the minimum thickness guides of 10.5.2.1.

Key

1  thin top $lab

2 joist

3  edgejoigt

4  girder of)bean

Figure 47 — Joist floor system
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s? s
el -
vi
=120 bw = bave 2100

<25h
<1,2m

Figure 48 — Joist section dimension guides

4.2 Type of formwork

h the joists have the same depth of the girders, a flat formwork decking supported
oyed. Joist shallower than the girders may require more elaborate formwork. In order 1
, permanent and removable pans, or domes of different shape and material are empld
blass, plastic or polystyrene (PS) foam, or permanent'cement, cinder or clay filler bloc]
4.3 Distribution ribs

st systems that span in only one direction, in order to avoid that a concentrated loa

mes the total depth, h, of the joist, without exceeding 4 m. See Figure 49.

n shores, is
o create the
yed. Among

e more popular are permanent and removable woodypans, removable pans made gut of metal,

KS.

H be carried
more than

© ISO 2016 - All rights reserved

75


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

1
Key
1  distributjion rib
s<10h
s<4m

Figure 49 — Distribution ribs

10.1.4.4 Tyo-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 should be
supported on girders. This system is ifeferred as a waffle-on-beams slab. See Figure 50. If the beams are
omitted, thd system should be classified as the waffle-slab system described in 10.1.4.4.

76 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

10.1{4.5 Advantages of joist systems

The
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Figure 50 — Two-way joist system or waffle-on-beams system

oist system can accommodate medium to large spans, with relatively low selfweight. It is easy

to lojcate small perforations, ducts and shaft$.@or heavy live loads or large permanent loads, the
serviceability deflection guides can easily be-accommodated because of the relatively highdepth of the
systdm. The clear spacing between joists.is a-tradeoff between a thinner top slab and requifing a larger
amonunt of joists, thus allowing the desigfier great freedom in the choice of appropriate dimensions.

10.7 Criteria for the selection of the floor system

The

structural designer should-select a floor system from the systems covered by these ghidelines, as

presented in 10.1. Several-alternatives should be studied and the final selection should b¢ performed

taking into account the @erits of each of them in terms of the following:

a)
b)

‘)
d)

e)
f)

g)

h)

tthe magnitude®©fjthe dead and live loads and especially the selfweight of the system;

tthe geometry of the structural plan layout especially the span lengths in both plan ditections and
fhe ratiosbetween them;

thepresence of cantilevers and their maximum span and direction;

the type of occupancy of the building;
the available material strengths, both for concrete and reinforcing steel;

the expected behaviour of the slab system, and the adequacy to comply with the serviceability and
deflection criteria;

the amount of materials (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 plays an important role in the selection, and following
it might simplify construction coordination;
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more training and proficiency than what the local workers can comply with;

d behaviour and safety of the system.

10.3 Guides for structural integrity

10.3.1 General

The followi
the structuy
supporting
and maintai

10.3.2 Per

A ring of bej
structure, e
of the slab

minimum ar

guided by 1
length of 9.4

10.3.3 Oth

02 C C d )
easa whole in order for it to be able to be functional in the event of damage to a1
blement or an abnormal loading event, by confining the damage to a relatively small
ning overall stability.

meter girders in slab-and-girder and joist systems
ims should be provided linking the perimeter columns and structural'concrete walls ¢
br joists only in one direction in plan. These perimeter beamsjor girders, should h

2.3.5.5. This reinforcement should always be lap-spliced using the minimum lap sp
2.

er beams and girders

All beams alnd girders, except the perimeter girders guide by 10.3.2 should have closed stirrups

a minimum|
reinforcemd
length of 9.4

area of continuous bottom longitudinal.reinforcement, as required by 12.3.5.5.
nt should always be lap-spliced, at or close to the supports, using the minimum lap §
.2.

10.3.4 Jois
In joists, at1

the minimu
standard ho

10.4 One-y

E

ast one bottom bar shouldtbe'continuous over the support or should be spliced there yising

m lap splice length of 94.2; and at not continuous supports should be terminated wj
ok. See 12.3.5.5.

vay and two-way slabs and load path

10.4.1 Genleral

The way thg
on the geonj

loadsis transported from the point of application to the supports in a slab system, dep
etrical plan dimensions of the slab panel, and on the stiffness of the supporting elem

For the pury

oses of this document, the way the loads are carried to the support should be classified

workmanship training and proficiency should affect the selection, thus avoiding systems that

the relative cost of the alternatives, but the economical advantages should be pondered against the

ility of

najor
area

fthe

ven when girders in slab-and-girder systems and joist systems.are required for support

ive a

ea of continuous top and bottom longitudinal reinforcement, tied with closed stirrups, as

liced

and
This
plice

ith a

ends
ents.
into

one-way and two-way action.

10.4.2 One-way behaviour

A slab, solid or with joists, should be considered to work in one-way when either of the following
conditions have been met:

a)

b)

78

has two opposing free edges, without vertical support, and has girders or beams or a structural
concrete wall along the full length of the edge, that provide vertical support in the other two
opposing edges;

the slab panel has a rectangular plan shape, has girders, beams or structural concrete walls, that
provide vertical supportin all edges, and the long slab span is greater than twice the short slab span;
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c) have joists, except the distribution ribs, in only one direction.

10.4.

3 Two-way behaviour

A slab, solid or with joists in both directions, should be considered to work in two-ways when the slab
panel has a rectangular plan shape, and has girders, beams or structural concrete walls along the full
length of the edges, that provide vertical support in all edges, and the long slab span is less or equal

than

10.4.

twice the short slab span.

4 Floor system load path

Base
path
the 1
load
dimg

10.5

10.5

The
meet
defle

10.5

10.5

The {
pern

10.5

Whe
matsg
bele
dista
as th

d on the way the slab works, an approximate load path should be identified. The appr(
should be used to assigning tributary load to all slab-supporting elements, and-also

reliminary dimensions of the slab and the supporting elements. The load path)and t
on the supporting elements should be verified, and corrected as needed, during theg
nsioning stage of each of the structural elements.

Minimum depth for elements of the floor system

1 General

following minimum depth for elements of the floor system should be considered
the serviceability limit state, thus providing enough stiffness to the element to avoid
ctions caused by the dead and live loads.

2 Solid one-way slabs supported by girders, beams, joists, or structural walls

2.1 Top thin solid slab that spans the space between joists

op thin slab should have a minimumi/thickness of 1/20, but should not be less than [45
Janent concrete or clay filler blocks:are employed, nor less than [50] mm in all other c3

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

h the slab does not support partitions or other non-structural elements, or they
rials that are not likely to be damaged by large deflections, the minimum thickness, |
5s than the valuesgiven in Table 9, where the span length, [, should be taken as the cent
nce between supports, except that when the span is less than 3 m, it should be permit
e clear span

ximate load
n obtaining
he tributary
design and

sufficient to
undesirable

] mm, when
ses.

are built of
, should not
re-to-centre
ted to take ]
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Table 9 — Minimum thickness, h, for one-way solid slabs supporting non-structural elements
that can accommodate large deflections

Continuity across the supports M1n1mumhth1ckness

Simply supported _

One end continuous _

24
Both ends continuous L
28

. 1
Cantilever o
10

10.5.2.3 Non-structural elements likely be damaged by large deflections

When the slab supports either top or bottom edge of partitions or othenon-structural elementd that
are likely tq be damaged by large deflections, the minimum thicknegs, h, should not be less than the
values given in Table 10, where the span length, [, should be taken‘as the centre-to-centre distance
between supports, except that when the span is less than 3 m,dt should be permitted to take I als the
clear span.

Table 10 - Minimum thickness, h, for one-way solid;slabs supporting non-structural eleme¢nts
likely to be damaged by large deflections

Continuity across the supports Mmlmumhthlckness

Simply supported —

One end continuous _

16
Botl'ends continuous L
19

. 1
Cantilever _
7

10.5.3 Girders, beams and one-way joists supporting the slab

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

When the 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, h, should not be less than the values given in Table 11, where the span length, [, should be
taken as the centre-to-centre distance between supports, except that for joists when the span is less
than 3 m, it should be permitted to take [ as the clear span.
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Table 11 — Minimum thickness, h, for girders, beams, and one-way joists supporting non-
structural elements that can accommodate large deflections

Continuity across the supports M1n1mumhth1ckness

Simply supported -

One end continuous -

18,5

Both ends continuous L
21
. 1
Cantilever -
8

10.5|3.2 Non-structural elements likely be damaged by large deflections

Wheh the girder, beam or one-way joist supports either top or bettom edge of partitions of other non-
strugtural elements that are likely to be damaged by largeydeflections, the minimum thickness, h,
should not be less than the values given in Table 12, where the span length, I, should be taken as the
centfe-to-centre distance between supports, except thatfor joists when the span is less [than 3 m, it
shoulld be permitted to take / as the clear span.

Table 12 — Minimum thickness, h, for girders, beams, and one-way joists supporting non-
structural elements likely.to be damaged by large deflections

Continuity acrossithe supports Mmlmumhthlckness

Simply supported —

One énd continuous _

12
Both ends continuous L

14
Cantilever i

5

10.5.4 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 systems,
supported by girders, beams or structural concrete walls in all edges of the panel, should be as given
in Formula (52), and for solid slabs should be nor less than 120 mm for spans, I, greater than 3 m, and
should not be less than 100 mm for spans, I, less or equal to 3 m.

!
he—n 52
30+3-B (>2)

Where the span length, I, should be taken as the clear span in the long direction, measured face-to-face
of the supporting beams, and f is the ratio of long clear span to short clear span of the slab panel. The
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procedure for design of two-way slabs-on-girders of this document guide that the supporting girders or
beams should have a depth not less than three times the slab thickness (see 11.8.1).

10.6 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, h, given in 10.5. For beam and
girders the initial trial width, by, should be taken as one half of the depth, h, of the element but not less
than 200 mm, and for joists should be defined using the minimum width dimensions given in 10.1.4.1.

These initial trial dimensions meet the serviceability limit state and should be corrected as required by

the strength

limit state as the definite design proceeds. The selfweight calculated using the initial

trial

dimension ghould be corrected as modifications to the dimensions are introduced during the design

process.

11 Solid slabs supported on girders, beams, joists or structural concrete walls

11.1 Genefal

The design pf one-way and two-way solid slabs supported by girders, beams, or structural confrete

walls in thejir edges should be performed employing the guides of Clause 11. Guides for the top| thin

solid slab that span between joists are also included.

11.2 Design load definition

11.2.1 Loagds to be included

The design Joad for solid slabs supported on girders, beams, joists, or structural concrete walls should

be established from the requirements of Clause 8."The gravity loads that should be included in the

design are the following:

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

b) live loads;

c) if the slpb is part of the rdef System, the appropriate values of roof live load, rain load and $now

load, sh

11.2.2 Dedd load andlive load

The values

buld be employed:-

f qq fordead load and q for live load should be in N/m2. gq should include the selfweig

the solid sl

elements al§oin N/m2. Live load should be determined as guided by 8.1.4. If the slab is part of theg

b, at 24 N/m?2 per mm of thickness, and the weight of the flat and standing non-struc

ht of
tural

roof

system, the specified snow loads in 8.1.5 should be included, if appropriate.

11.2.3 Factored design loads

The value of the factored design loads, q, in N/mZ2, should be the greater value obtained combining gq
and qj using Formula (5) and Formula (6). If the slab is part of a roof system, Formula (7) and Formula (8)
should also be investigated, choosing the greatest value of all four formulae.

82

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

11.3 Details of reinforcement

11.3.1 General

For the purposes of the present guidelines, the reinforcement of solid slabs-on-girders should be of the
types described and should comply with the guides of 11.3.2 to 11.3.6.4.

11.3.2 Shrinkage and temperature reinforcement

11.3.2.1 Description

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

11.3}|2.2 Location

Shripkage and temperature reinforcement should be located on top“of the positjve flexural
reinforcement perpendicular to it, except in on roof slabs where it should\bé located under the negative
flexyral reinforcement perpendicular to it.

11.3{2.3 Minimum reinforcement area

Shripkage and temperature reinforcement should comply with the minimum reinforcement steel ratio,
P 0f9.5.2.1.

11.3{2.4 Maximum and minimum reinforcement spacing

Shrimkage and temperature reinforcement should not be spaced further apart than guide by 9.3.20, nor
should it be placed closer than guided by 9.345.

11.3}2.5 Reinforcement splicing

It shpuld be permitted to lap-splice shrinkage and temperature reinforcement at any l¢cation. The
splice length should comply with'9.4.2.

11.3{2.6 End anchorage of reinforcement

At edges of the slab, shbinkage and temperature reinforcement should end in a standard hopk. It should
be p¢rmitted to place the hook horizontally.

11.3|3 Positive flexural reinforcement

11.3}31, Description

Positive flexural reinforcement should be provided in the lower part of the slab section, as guided in
Clause 11, and should comply with the general guides of 11.3.3, and the particular guides for each slab
type as set forth in 11.4 to 11.8.

11.3.3.2 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 as concrete cover guides permit (see 9.3.10.1) to the bottom surface of the slab. 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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11.3.3.3 Minimum reinforcement area

Positive flex

ural reinforcement should have an area at least equal to the area guide by 9.5.2.2.

11.3.3.4 Maximum reinforcement area

Positive flex

ural reinforcement area should not exceed the values set forth in 9.5.2.3.

11.3.3.5 Maximum and minimum reinforcement spacing

Positive flexural reinforcement should not be spaced further apart than required by 9.3.19 nor should it

be placed cl

11.3.3.6 Cy

It should be
than one-hd
design posif]

11.3.3.7 Rg¢

It should be
point and th

11.3.3.8 Embedment at interior supports

Positive flex
to the oppos

11.3.3.9 End anchorage of reinforcement

Positive flex
slab and shqg
supportatt

11.3.4 Neg

11.3.4.1 D¢

Negative fle
supports, in|
of11.3.4, an

pser than permitted by 9.3.15.

It off points

permitted to suspend at the locations indicated in 11.6 to 11.8 for each slab‘\type, no
If of the positive flexural reinforcement required to resist the cornesponding fact
ive moment at mid-span.

tinforcement splicing

e opposite face of the support.

ural reinforcement suspended at an interior support should be embedded by continu
ite face of the support.

ural reinforcement perpendicular;to a discontinuous edge should extend to the edge g
uld end with a standard hook in the girder, beam, or structural concrete wall that pro
he edge.

ative flexural reinforcement

pscription

xural reinforcement should be provided in the upper part of the slab section, at edge
the amotnts and lengths required in Clause 11, and should comply with the general g
d the particular guides for each slab type as set forth in 11.4 to 11.8.

more
ored

permitted to lap-splice the remaining positive flexural reinforcement between the cuit-off

ng it

f the
rides

b and
lides

11.3.4.2 L4

cation

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 as concrete cover guides permit (see 9.3.10.1) to the upper surface of the slab. 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.

11.3.4.3 Minimum reinforcement area

Negative fle

84

xural reinforcement should have an area at least equal to the area guide by 9.5.2.2.
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11.3.4.4 Maximum reinforcement area

Negative flexural reinforcement area should not exceed the values set forth in 9.5.2.3.

11.3.4.5 Maximum and minimum reinforcement spacing

Negative flexural reinforcement should not be spaced further apart than guide by 9.3.19, nor should it
be placed closer than permitted by 9.3.15.

11.3.4.6 Cut off points

It shpuld be permitted to suspend all the negative flexural reinforcement, except for cantilevers, at
the Ipcations indicated in 11.6 to 11.8 for each slab type. Where adjacent spans are unequal, negative
flexural reinforcement cut-off points should be based on the guides for the longer span-

11.3{4.7 Reinforcement splicing

It shpuld not be permitted to lap-splice negative flexural reinforcement between the cut-qff point and
the support.

11.3(4.8 End anchorage of reinforcement

Negdtive flexural reinforcement perpendicular to a discontintous edge should be anchpred with a
standlard hook into the edge girder, beam, or structural concrete wall that provides support at the edge,
complying with the anchorage distance guide by 9.4.3."At the external edge of cantilevdrs, negative
flexyral reinforcement perpendicular to the edge should’end in a standard hook. It should He permitted
to place the hook horizontally.

11.3{5 Shear reinforcement

The (design procedures for slabs prescribed by this document do not require the employment of
trangverse reinforcement in slabs. The\procedures for design of transverse or shear reinforcement in
slabg are beyond the scope of this document.

11.3{6 Corner reinforcement

Specjal top and bottom,slab reinforcement, in addition to other reinforcement, should be(provided at
exterior corners of thé\slab, different from cantilevers, for a distance equal to one-fifth qf the longer
clear span of the slabypanel (see Figure 51).

The pmount of ‘teinforcement, top and bottom, should be sufficient to resist a moment ¢qual to the
maximum pesitive factored design moment, per meter of width, in the slab panel, in accordance with
11.3)6.1 aned11.3.6.2.

11 3 61T Ton cornarroainfarcamant
D0 TP Ot IOmoTreement

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

11.3.6.2 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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corner b

Bow N R

slab pan

girder, b¢am or wall
corner tap reinforcement

bttom reinforcement
bl diagonal

Figure 51 — Special slab corner reinforcement

11.3.6.3 Welded-wire fabric used.in short span slabs

Welded-wir

e reinforcement used jn slabs not exceeding 3,5 m in clear span should be permitt

simultaneoysly act as negative_and positive flexural reinforcement by curving it from a point
the top of glab over the support to a point near the bottom of slab at midspan, provided that
reinforcemgnt is either edgntinuous over or anchored at support. The area of longitudinal reinforce

should com
Figure 52.

In two-way

ply with_the-maximum required factored moment, either positive or the negative

slabs, the wires of the welded-wire reinforcement in the perpendicular direction s}

comply with the required area of flexural reinforcement in that direction, and in one-way slabs wit|
required shrinkage and temperature reinforcement.
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1
In =3,5 -
)

Key
laced close to top of slab over supports

1laced close to bottom of slab near midspan

Welded - wire reinforcement as positive and negative reinforcement

Figure 52 — Welded-wire reinforcementin-short spans

11.3}6.4 Practical considerations for the value of d. and.d to employ in solid slabs

The Hetermination of the distance from extreme tension fibre to centroid of tension reinforcement,
[dc], hould include the appropriate concrete cover, from 9.3.10, the bar diameters employed, and the
existence of reinforcement in the perpendicular-direction placed between the reinforcgment under
study and the concrete surface. It should be permitted to use the following values of dc[to compute
d as|d = h - d.. For one-way slabs and for the reinforcement in the short direction in twp way slabs,
dc = 40 mm for internal exposure and d.<.60 mm for external exposure. For reinforcement in the long
diregtion of two-way slabs, d. = 55 mmfor internal exposure and d; = 75 mm for external exposure.

11.4 Top thin solid slab that spans between joists

11.4{1 Dimensional guidelines

The thin solid slab that\spans between joists should comply with the minimum thickness guidelines of
10.5.2.1. The top thinystab should not be permitted to cantilever out of the edge joist (see 10.1.4.1).

11.4{2 Factored bending moment

The factoréd bending moment, M, in N - m/m, for negative and positive bending moment in the thin
slab that Spans between joist in joist construction should be calculated using Formula (53)), where Jj is

h - 1 4 o ad - pa | 1 111 1 - NLL 2 _C I (mils]
t € creatr SPAUIIIg DTLWTETIT JUISLS T dIU gy SHUUIU DT TIHIPIU Yy TU TIHIN/ THT=. OCT IS Ul © Jo.

(53)

11.4.3 Reinforcement

The flexural reinforcement ratio, p, perpendicular to the joist direction should be determined employing
Formula (35) or Formula (36), with the value of M, obtained from Formula (53), converted to N - mm
(I1N-m/m=103-N-mm/m), using d in mm as one-half the thickness of the thin slab,and b =1 000 mm.
p should be made greater than or equal to the shrinkage and temperature ratio prescribed in 9.5.2.1. See
Figure 53. The flexural reinforcing bar separations should meet the guides of 9.3.19. The reinforcement
parallel to the joist direction should meet the guides of 11.3.2.
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/H
~—_
\

5 1] I]. 1]
Key
1 top thin $lab
2 joist
3 negativeland positive flexural reinforcement
4  shrinkage and temperature reinforcement

Figure 53 — Reinforcement of the thin solid slab that span between joists

11.4.4 Shepr strength verification

The factorefl shear V, in N/m, for the thin slab that span between'joists in joist construction should
be calculatgd using Formula (54), where Jj is the clear spacing between joists in m and gy should be
employed inf N/m2. See Figure 53.

q,- 1
14 =—“2—’ (54)

The design ghear strength ¢ - V;, in N/m, should'be calculated using Formula (45), with d as ong-half
the thicknegs of the thin slab, in mm, and by/(=» = 1 000 mm. Formula (43) should be complied with.

11.4.5 Calqulation of the reactionsomnthe joists

Factored uniformly distributed reaction on the supporting joists ry, in N/m, should be the Yalue
obtained frqm Formula (55), where V,, is the factored shear from 11.4.4, in N/m, l is the centre-to-c¢ntre
spacing of the joist, in m, and’yis the clear spacing between joists, also in m.

2.V, -1
=1 (55)
j

11.5 Canti|levers of slabs supported on girders, beams or walls

11.5.1 Dimensional guidelines

Solid slab cantilevers spanning out of the edge girder, beam or structural concrete wall, should comply
with the minimum thickness guidelines of 10.5.2. The cantilever span should not exceed the limits of
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 cantilever in two directions at corners, with the same limitations for
single cantilevers. The thin top slab that spans between joists should not cantilever out of the edge joist.

11.5.2 Factored negative bending moment

The factored negative bending moment, M, for slab cantilevers that span out of the edge supporting
girders, beams or structural concrete walls, should be calculated supposing that one-half of the
distributed factored load, qy, acts as a concentrated load at the tip of the cantilever, and the other one-
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half acts as uniformly distributed load over the full span, using Formula (56), but it should not be less
than the factored negative bending moment of the first interior span at the exterior supporting girder,
beam or structural concrete wall, nor less than one-third of the positive bending moment, in the same
direction, of the first interior span. See Figure 54.

M~ =

3-qu-lr2]rl
u 4

(56)

where I, should be the clear span of the cantilever in m, g, should be employed in N/m2, and M ; should

be obtained in N - m/m.

u

B wWw N R

11.5

11.5

The hegative flexural reinforcement ratio, p, in the direction of the cantilever should be
employing Eormula 35 or Formula 36, using the value of M, obtained from Formula 56, ¢
m/m\{t' N-m/m =103 - N - mm/m), with the appropriate value of d in mm,and b=1Q
negative, flexural reinforcement should comply with 11.3.4. This reinforcement should be

N - m

doncentrated load

niform load

dantilever clear span
moment diagram

Figure 54 — Galculation of negative moment at slab cantilevers

3 Reinforcement

3.1 Negativeflexural reinforcement

/2 - I qu/2 2
/ / B g
4
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3
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onverted to
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the negative reinforcement of the interior slab panel at the edge support. See Figure 55.
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11.5.3.4 Re¢

At corners
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directions
plus two ti
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11.5.3.4 sho

rforcement of the-first interior span plus the cantilever span. Reinforcement as guide

e and temperature reinforcement

cantilever reinforcement

h positive reinforcement

as required for negative reinforcement of first interior span, but not less than I, bar

Figure 55 — Reinforcement for slab cantilevers

sitive flexural reinforcement

hd temperature reinforcement, complying with 11.332"should be provided in the dire
pver. See Figure 55.

rinkage and temperature reinforcement

tinforcement of two-way cantilevers

br the larger span cantilever, using 11.5.3.1. This reinforcement should be placed in
bee Figure 56), for a distance measured from the corner equal to the cantilever clear
es the larger cantilever span, but not less than the distance required for the neg

uld be placed/in’both directions.

90

ent parallel to the edge of the cantilewer complying with 11.3.1 should be provided,.

amount of positive flexural reinforcement with anrarea greater than or equal t¢ the
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W
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5

Key
1 two-way cantilever negative reinforcement
2 4maller cantilever span
3  dirder, beam or wall
4 gne-way negative cantilever reinforcement
5 lprger cantilever span

Figure-56 — Negative flexural reinforcement in two-way slab cantilevers

11.5{4 Shear verification

The flactored-shear ‘/ ln N /m atthe cnppnri‘ of cantileverslabs should be calculated u nc1nn’ I? brmula | 57 '
where Iy, should be the Clear span of the cantilever in m, and gy should be employed in N/m2

V,o=q, -1, (57)

For two-way cantilevers, the value of V/;; should be taken as twice the value obtained from Formula (57)
using the larger cantilever span.

The design shear strength ¢ - I/, in N/m, should be calculated using Formula (45) with the appropriate
value of d in mm, and b = 1 000 mm. Formula (43) should be complied with.
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11.5.5 Calculation of reactions on the supports

Uniformly distributed factored reaction on the support of the cantilever ry, in N/m, should be the value

obtained from Formula (58):

v, -1
= (58)
m

where

Vu isthe factored shear from 11.5.4,in N/m;

[ isthe span of the canteliver measured from the centreline of the supporting element, in.mj
Im is the clear span of the canteliver, in m.

Where two-{way cantilevers exists, it should be permitted in the calculation of the(value of R, tp use

Formula IS?I employing the value of I/, obtained from Formula (57) for the larger cantilever $pan,
without doubling it.

11.6 One-way one-span solid slabs spanning between girders, beams, or structural
concrete walls

11.6.1 Dinjensional guidelines

One-way orle-span solid slabs should comply with the mimimum thickness guidelines of 10.5/2. In
addition to the appropriate guidelines of 11.6, these slabs.should comply with the general dimensjional
guidelines spt forth in 6.1, and the particular guidelines @f 10.1.2 for slab-on-girder systems.

11.6.2 Factored bending moment

The factored positive and negative bending moment, My, in N - m/m, for one-span one-way slabs should
be calculated using the formulae given in Table 13.

Table 13 — Factored-flexural moment for one-way, one-span slabs

Positive moment;
2 Formula (59)
q .
+ u m
M 0=
8
Negative'moment at supports:
2 Formula (60)
M* qu ) Im
1l LLl.

11.6.3 Longitudinal flexural reinforcement

11.6.3.1 Positive flexural reinforcement

The positive reinforcement ratio, p, in the direction of the span Iy, should be determined employing
Formula (35) or Formula (36), with the value of M: obtained from Formula (59) converted to N - mm

(I1N-m/m=103-N - mm/m), using d in mm, and b = 1 000 mm. This reinforcement should comply with
the guides of 11.3.3. 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
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reinforcement at a distance equal to I;,/8 measured from the internal face of the supports into the span.
See Figure 57.

1 2 1
Im/4 Im/4

9

Bw N R

o

11.6

The phegative flexural reinforcement ratio, p, ih the direction of the span I, should be

empl]
toN

comply with 11.3.4. At a distance equal to I, /4 measured from the internal face of the supp

negative flexural reinforcement

\ 1,250,

W]

hrinkage and temperature reinforcement
ositive flexural reinforcement

ositive flexural reinforcement suspension, only if slab built monolithically with support at leas
leeper than slab

Figure 57 — Reinforcement for one-span one-way slabs
3.2 Negative flexural reinforcement

oying Formula (35) or Formula (36}, with the value of M obtained from Formula (6

t mm (1 N-m/m =103 - N - mm/m); using d in mm, and b = 1 000 mm. This reinforce

t three times

determined
) converted

ment should
brts into the

span| all the negative flexural reinforcement should be permitted to be suspended. See Figure 57.
11.6}3.3 Shrinkage and temperature reinforcement
The reinforcement perpendicular to the span should meet the guides for shrinkage and femperature
reinforcement of 1¥:3.2. See Figure 57.
11.6}4 Shearverification
The factered shear, V, in N/m, for the one-span one-way slab should be calculated at th¢ face of the
suppprts using Formula (61), where Iy, is the clear span in m and qy should be employed i|n N/m2. See
Figure 5%
9y I
V, = 5 (61)

The design shear strength, ¢ - V,, in N/m, should be calculated using Formula (45), with d in mm, and

by =
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11.6.5 Calculation of the reactions on the supports

Uniformly distributed factored reaction on the supports of one-way one-span slabs, ry, in N/m, should
be the value obtained from Formula (62) plus the uniformly distributed reaction from any cantilever
spanning from that support:

where

(62)

Vu
|

Im
11.7 One-y

11.7.1 Dinj

One-way so
of 10.5.2. In
dimensiona

The followiy
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there af
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unit livd

for neg{
neighbd

11.7.2 Faci

The factore
calculated u|

Positive mo

is the factored shear from 11.6.4, in N/m;
is the centre-to-centre span of the slab, in m;

is the clear span of the canteliver, in m.

ensional guidelines

id slabs with two or more spans should comply with the minimum thickness guidd
addition to the appropriate guidelines of Clause 11, slabs should comply with the ge
guidelines in 6.1, and the particular guides of 10.1.2 for'slab-on-girder systems.

lg restrictions should be in effect for slabs designed’under 11.7:
e two or more spans;

hs are approximately equal, with the larger of two adjacent spans not greater thai
by more than 20 %(see 6.1);

e uniformly distributed;
load, qi, does not exceed three times unit dead load, qg;

itive moment evaluation at internal supports, I, should correspond to the largest g
uring spans.

ored bendingmement

d positive ‘and negative bending moment, My, in N - m/m, for one-way slabs shou
sing the Eormula (63) to Formula (68) for slabs with two or more spans.

ment:

vay solid slabs supported on girders, beams, or walls, with two or more spans
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Negative moment at supports:

— atinterior face of external support:
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(63)

(64)
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at exterior face of first internal support, only two spans:

4yl

n

9

u

at faces of internal supports, more than two spans:

(65)

(66)

4yl

n

10

4_:

u
1t faces of all supports for slabs with spans not exceeding 3 m:

12
u n

12

/I_zq

u

3 Longitudinal flexural reinforcement

3.1 Positive flexural reinforcement

bositive reinforcement ratio, p, in the direction of>the span I, should be determine
ula (35) or Formula (36), with the appropriate value of Ml“: obtained from For

Forny
This
mea
reinf

11.7

The
empl

ula (64), converted to N - mm/m (1 N - m/ow= 103 - N - mm/m), using d in mm, and b
reinforcement should comply with 11.3:8. At internal supports, at a distance eq
ured from the face of the supportsiinto the span, up to one-half of the posit
orcement should be permitted to be-suspended. See Figure 58.

3.2 Negative flexural reinforcement

hegative flexural reinforcement ratio, p, in the direction of the span, Iy, should be
oying Formula (35) grformula (36), with the appropriate value of M obtained, from I

to Farmula (68), convertéd to N - mm/m (1 N - m/m =10 3 -N - mm/m), using d in mm, and b

This
Im sh
into

supp
the iy

reinforcement.should comply with 11.3.4. At internal supports, at a distance equal to
ould correspond to the largest of the neighbouring spans, measured from the face of]
the span, albthe negative flexural reinforcement should be permitted to be suspended
orts, at-audistance equal to I,/4 measured from the internal face of the support into

(67)

(68)

1 employing
ula (63) or
=1 000 mm.

ual to I,/8
ive flexural

determined

ormula (65)

=1 000 mm.
Im/3, where
the support
At external
the span, all

egativeflexural reinforcement should be permitted to be suspended. See Figure 58 anld Figure 59.

11.7

292 Chrinkace and temnerature reinforcement
Sro—oiH geana ture-relr ree

tempraca TITCITC

The reinforcement perpendicular to the span should meet the guides for shrinkage and temperature
reinforcement of 11.3.2. See Figure 58 and Figure 59.
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1 2 3
1,/3 L,/3*
L,/4 1,/5 L,/5 L/3 b
o /
6 78 t78—%5 578 4
I, A I

Key
1 negative|reinforcement at interior face of external support
2 negative|reinforcement interior support for two spans
3  shrinkage and temperature reinforcement
4  minimurh cantilever positive reinforcement
5 positive feinforcement interior span
6  positive reinforcement end span
a  Negative|reinforcement cut-off points should be based upon greater of.the two neighbouring spans.
b Greater negative reinforcement from that required for the external support or for the cantilever.
Figure 58 — Reinforcement for two-span one-way'slabs supported by girders, beams, or
structural concréte walls
2 4 4
/8 I/3°
1 /3" 2/ b/3 o/ 1
/5 L/5
h/4 L/5 : L/5 : ls/4
o (=]
["- 2 2 2 2 2 2 2 () 2 ° 2 2 2 V 2 2 2 ° [ () (] ‘ L} ‘J"
o (=] (=] [
L,/8 L,/8
/ 1,/8 2/ I,/8 3
3
I L I3

Key

LU s W N

positive reinforcement end span

positive reinforcement interior span

shrinkage and temperature reinforcement

negative reinforcement at interior face of external support

negative reinforcement at faces of internal support more than two spans

Negative reinforcement cut-off points should be based upon greater of the two neighbouring spans.

Figure 59 — Reinforcement one-way slabs supported by girders, beams, or structural concrete

96

walls, with three or more spans
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11.7.4 Shear verification

The factored shear, Vy, in N/m, for the slab should be calculated at the faces of all supports using
Formula (69) and Formula (70), where Iy, is the clear span in m and g, should be employed in N/mZ2. See
Figure 58 and Figure 59.

At exterior face of first interior support:

q, 1
v, =1,15-% (69)

At fafes of all other supports

¥o= (70)

The ¢lesign shear strength, ¢ - I/, in N/m, should be calculated using Formula)(45), with d in mm, and
bw =|b =1 000 mm. Formula (43) should be complied with at all faces of supports.

11.7{5 Calculation of reactions on the supports

Unif¢rmly distributed factored reaction on the support contributed by any span of one-way slabs, ry, in
N/m/should be the value obtained from Formula (71):

b (71)

wherte

Vu isthe factored shear from 11.7.4, in"N/m;
]  isthe centre-to-centre span of the slab, in m;
I, is the clear span of the canteliver, in m.

Total factored uniformly di§tyibuted reaction on the external supports should be equal fo the value
of thie factored uniformly distributed reaction from the span, ry, obtained from Formuld (71) at the
suppprt, plus the unifermly distributed reaction of any cantilever spanning from that support. Total
factdred uniformly.-distributed reactions on internal supports should be the sum of the factored
unifdgrmly distributed reactions, ry, obtained using Formula (71) for both neighbouring spans at that
supplort.

11.8 Tworway solid slabs spanning between girders, beams, or structural concrete walls

11.8.T Dimensional guides

Two-way solid slabs having girders, beams, or structural concrete walls in all edges should comply with
the minimum thickness guides of 10.5.4. In addition to the appropriate guides of Clause 11, two-way
slabs should comply with the general dimensional guides in 6.1, and the particular guides of 10.1.2 for
slab-on-girder systems.

The following restrictions should be in effect for the use of the procedure of 11.8:
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 (see 6.1);
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c) thesupporting girders or beams should be cast monolithically with the slab and should have a total
depth not less than three times the slab thickness;

d) loads are uniformly distributed;
e) unitlive load, q], does not exceeds three times unit dead load, qq4.

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 while the border regions should be two one-quarter regions
adjacent on both sides of the central region. See Figure 60.

A
L L/4 L/2 L/4

I,/4
>

I
I,/2
fx

I,/4

Key
1 border region
2 central region

Figure 60 — Central and border regions for two-way slabs supported on girders, beams, por
structural concrete walls

11.8.2 Factored flextiral moment

The factored pos1t1ve and negatwe moment, Mu, for two- way sol1d slabs should be calculated us1n the
procedure ik v ' stot
panel, in each d1rect10n should be calculated usmg the formulae glven in Table 14 for central panels in
Table 15 for edge panels with the short span at the edge, in Table 16 for edge panels with the long span
at the edge, and in Table 17 for corner panels. In each table, the values of the factored flexural moments
should be obtained for the appropriate ratio, f, of long clear span, Iy, to short clear span, I, and the
corresponding edge continuity conditions.

The negative moment at discontinuous edges should be one-third of the positive moment in the same
direction. See Figure 61.
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M =M*/3

N 2

Key

1  value of negative moment at discontinuous edge
2 moment diagram

3  ¢ndslab span

4  discontinuous edge

Figure 61 — Negative moment at discontinuous edges of two-way solid slabs-on-girders

It shguld be permitted to decrease the motnent 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 62 for moments in the shorft directions,
and in Figure 63 for moments in the long direction.
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Key
1  variatior] of M-, along I,
2 variation] of M, along I,

3 variatior] of M*, along I,

Figure 62 — Variation of moment M, across the width of.critical sections for design, for twotway
slabs supported on girders, beams or'structural concrete walls

Key

1  variation of My along I,
2 variation of M* along I,
3 variation of M, along I,

Figure 63 — Variation of moment, My, across the width of critical sections for design, for two-
way slabs supported on girders, beams or structural concrete walls
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Table 14 — Central panel of two-way slabs supported on girders, beams or structural
concrete walls

B=h/lL Short direction (/) Long direction ()
Panel Negative Positive Load Negative Positive Load
span ratio moment moment fraction moment moment fraction
2 2
1’0 M— — qula M+ — qu a Ay = 0,50 M— — qulb M+ — qulb ap = 0,50
a2 a4 b2 b4
a2 al2 al2 a I
2 M. =-4a M =ua aa=0,67" [p~_ Tub M+ — ub 4y = 0,33
T 16 30 b 35 b 60
2 2 2 2
1,4 M~ qula M+ _ qula a,=0,80 M- = qulb M+ qulb &p=0,20
T 14 a 25 b 50 b, 5100
2 2 2 2
1,6 M~ qula M+ _ qula a,=0,87 M- = qulb M+ _ qulb &p=0,13
a 13 a2 b g5 b 145
2 2 2 2
1,8 M~ qula M+ — qula aa=0,92 M- _M M+ _m ((b:0’08
a2 a 20 b 135 b 225
2 2 2 2
.0 M~ = qula Mt = qula ay =094 M- = qulb M = qulb &p = 0,06
T 11 18 b 170 b 340
2 2 .
420 M- - q,l; Mt - q,!; @it 1,00 TemperaFu;e and shrinkage & = 0,00
a 10 a 16 reinforcement

la

Figure 64 — Central panel of two-way slabs supported on girders, beams or structural
concrete walls
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Table 15 — Edge panel with la parallel to edge, of two-way slabs supported on girders, beams

or walls
L=/l Short direction (I,) Long direction (Iy,)
Panel Negative Positive Load Negative Positive Load
span ratio moment moment fraction moment moment fraction
2 2 2
1’0 M~ qula M+ qula a3 = 0,67 M = qulb M+ — qulb ap = 0’23
16 a 35 b33 b 40
a ]2 a ]2 a ]2 a 12
Lz Iy =13 MT —2ua  [@=080 |p- —2ub | mF —ub  ap=020
T 14 28 b 50 b 65
2 2 2 2
1,4 M~ qula Mt = qula ay=0,88 M- = qulb M = qulb ap = 0,17
13 a 23 b 90 b 110
2 2 2 2
1,6 M~ qula M+ — qula g = 0,93 M. = M M+ - M ap = O,OF
a 12 a2 b 135 b\"160
2 2 2 2
1,8 M~ qula M+ _ qula aa:0’95 M- = ﬁ M+ _ M (ZbZO,OE
a2 a0 20 b 200 b 220
2 2 2 2
2,0 M~ = qula Mt = qula a; =097 Mo qulb + _ 9u'p ap = 0,03
a1 218 b7 330 b 340
2 2 .
52,0 M- - q,l; e q,l; s = 1,00 TemperaFu;‘e and shrinkage ap = 0,0
a 10 a 16 reinforcement

Figure 65 — Edge panel with I, parallel to edge, of two-way slabs supported on girders, beams
or walls
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Table 16 — Edge panel with I, parallel to edge, of two-way slabs supported on girders, beams

or walls
L=/l Short direction (I,) Long direction (Iy,)
Panel span Negative Positive Load Negative Positive Load
ratio moment moment fraction moment moment fraction
2 2
1’0 M— — qulb M+ — qulb Ay = 0’33 M— — qulb M+ — qulb ap = 0,67
a 30 a - 39 b 16 b 35
a 12 a 12 a 2 a 2
1,2 M- = u'b M+ — u'b ay=0,51 M- = u' b M+ — Tu' b ab=0’49
a 19 a2 b 22 b 5
2 2 2 2
1‘4- M— _ qulb M+ — qulb A = 0'66 M— — qulb M+ - qulb ap = 0,34
a 15 a 20 b 32 5T 70
2 2 2
1,6 M~ = qulb M+ — qulb Ay = 0,77 M- = ql.llb M+ — qulb ap = 0'23
a2 a1y b 50 b 100
2 2 2 2
1,8 M~ = qulb M+ — qulb Ay = 0,85 M— ) qulb M+ — qulb ap = 0,15
a1 a - 15 57 70 b 150
2 2 2 2
2,0 M~ = qulb Mt = qulb ay=0,92 M- = qulb + _ qulb ap=10,08
a 10 a 14 b 100 b 200
2 2 .
20 | o Bl | e Sl eeno | Tempermureandshrinkage | o,
a 9 a 11

la

Figure 66 — Edge panel with I;, parallel to edge, of two-way slabs supported on girders, beams
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Table 17 — Corner panel of two-way slabs supported on girders, beams or structural
concrete walls

L=/l Short direction (/) Long direction (I)
Panel Negative Positive Load Negative Positive Load
span ratio moment moment fraction moment moment fraction
2 2 2 2
10 M~ = _qulb Mt = qulb @a = 0,50 M- = qulb Mt = qulb ap=0,50
a 20 a 31 b 20 b 31
1l ’2 Val 12 a ’2 a ’2
1,2 M~ — 2ub Mt = Ub | az=0,67 Mg:M Mg:"ub ap =.0)33
a 15 a 23 30 5
2 2 2 2
14 M—zﬁ M+=M az = 0,80 Mg:ﬁ M;:M ap = 0420
a 13 a 19 50 70
2 2 2 2
1,6 M‘:M M+=ﬁ a,=0,87 MEZM M;:M ap =0J13
a 11 a 16 75 100
2 2 2 2
1,8 M;ZM M‘;f:ﬁ ay =092 MEZM Mg:ﬁ ap = 008
11 15 120 150
2 2 2 2
2,0 M = ulh M; - 'y ;=096 My~ 4,1y M; _ q,l ap = 0J04
10 14 165 200
2 2 .
2.0 M- = M Mt - M s = 1,00 Tempera‘Fure and shrinkage ap = 0J00
a 9 a 11 reinforcement

Figure 67 — Corner panel of two-way slabs supported on girders, beams or structural
concrete walls

11.8.3 Longitudinal flexural reinforcement

11.8.3.1 Positive flexural reinforcement

In the central region of the slab panel, the positive flexural reinforcement should be determined based
on the values of the factored positive flexural moment obtained from the appropriate formula of
Table 14 to Table 17 (see also Figure 64 to Figure 67). The positive flexural steel ratio, p, for reinforcement
parallel to the short span [, or the long span Iy, should be determined using Formula (35) or Formula (36)

for the corresponding value of M; or M; in N - m/m. M; and M; should be converted to N - mm/m
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(I N:-m/m=103-N - mm/m), using d in mm and b = 1 000 mm. All guides for positive flexural
reinforcement of 11.3.3 should be met. At a distance equal to I;/8 or I,/8 measured from the face of any
interior support, it should be permitted to suspend up to one-half of the positive flexural reinforcement
required at the centre of the corresponding span. No suspension of positive flexural reinforcement
perpendicular to a discontinuous edge should be permitted. It should be permitted to gradually
decrease the positive 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 68.

11.8.

3.2 Negative flexural reinforcement

At tH
shou
appr
steel
using
shou
guid
mea
nega
from
reinf

e supporting edges of the central region of the slab panel, the negative flexural e
Id be determined based on the values of the factored negative flexural moment obtair
ppriate formulae of Table 14 to Table 17 (see also Figure 64 to Figure 67). The nega
ratio, p, for reinforcement parallel to the short span 1,, or the long span ly,,sheuld be

p Formula (35) or Formula (36) for the corresponding value of M_ or My J@N - m/m.

|d be converted to N- mm/m (1 N+ m/m = 103 - N - mm/m), using d.in hm and b = 1
s for negative flexural reinforcement of 11.3.4 should be met. Atsa‘distance equal to

Live flexural reinforcement required at the support, and a distance equal to I;/3 or I,
the face of any interior support, it should be permitted:to suspend all the negat
orcement required at the support of the correspondingspan. It should be permitted

inforcement
ed from the
Five flexural
determined

'V[; and Ml;
D00 mm. All
l/5 or Iy/5

ured from the face of any interior support, it should be permitted\to suspend up to one-half of the

3 measured
ive flexural
to gradually

decrease the negative flexural reinforcement required at the.central region from the edge of the central
regigns, to one-third of this value at the edge of the panel,but not below the value required for shrinkage
and femperature. See Figure 68.
2 4 2 4
1 1511/35l Ia2/3a Ia2/3a Ia3/3a 1
131/4 131/5 Ia2/5 IaZ/S Ia3/5 Ia3/4‘
[h- 2 2 2 2 - 2 2 2 2 ° \J 2 2 l- 2 V 2 2 2 ° —L [} ('} () ‘ : [} II]
(=) (=} (=) \
131/8 Ia2/8 1a2/8 1a3/8
/ Ial \IaZ 1a3 3
3 5

LU s WN

negative reinforcement at interior face of external support without continuity
negative reinforcement at faces of internal supports more than two spans
positive reinforcement end span

positive reinforcement in the other direction (negative reinforcement not shown)

positive reinforcement interior span

Negative reinforcement cut-off points should be based upon greater of the two neighbouring spans.

Figure 68 — Reinforcement for two-way slabs supported by girders, beams, or structural
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11.8.4 Shear verification

The factored shear, V,, of the slab at the faces of the supporting elements should be determined
employing the values of the load fractions, az and ap, travelling in the short and long directions,
respectively, as given in Table 14 to Table 17 (see also Figure 64 to Figure 67) for the corresponding
panel edge conditions and panel span ratio, 5. See Figure 69. The factored shear should not be less than
the factored shear caused by factored design load, gy (in N/m?2) acting on a tributary area bounded by
45° lines drawn from the corner of the panel and the centreline of the panel parallel to the long span.

See Figure 70.

vab.qu.la.]b aa'Qu‘la‘lb

la

Iy

Figure 69 1— Fraction of the total load in the panel travelling.in each direction in two-way s|abs
supported on girders, beams or struetural concrete walls

Ia

A

A
[\

Figure 70 -— Tributary-areas for minimum shear at the supports of two-way slabs supported on
girders, beams or structural concrete walls

The factoreflshear, V,, in N/m, should not be less than the value obtained from Formula (72) qt the
short span supporting element and {rom Formuta (66] at the 10ng span SUpporting element.

V=== (72)
2
o, -q -1 [ l
y —_b Tu a >q |2 -2 (73)
u u
2 2 41

The design shear strength, ¢ - I/, should be calculated employing Formula (45) with by, =b=1 000 mm.
Formula (43) should be complied with. This should be accomplished by using an effective depth d, in
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mm, for the slab greater than or equal to the largest value obtained from Formula (74), Formula (75),

and Formula (76).

3-q.-a_ -1
d> M (74)
o-Jf:
3-q. -a, -1
d> 2% %y (75)
o\f;
3-q, -1
> Ty o (76)
261,
In Formula (74) to Formula (76), qu should be used in N/m2, [ and Ip in m, f! in MPa; and ¢ = [0,85]; see

6.3.3

11.8

Unifd
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|
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ning from that support. Total factored uniformly distributed reactions on internal supj
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5 Calculation of the reactions on the supports

rmly distributed factored reaction on the support contributed, by-any panel of two-v
m, in the short direction should be the value obtained from Formula (77) and in the lo

alue obtained from Formula (78).
v l

u Ia
v l

s

e

is the corresponding factored shear from Formula (72) and Formula (73), in N

is the centre-to-centre span in that direction, in m;
L and Iy are the corresponding clear spans, in m.

factored uniformly distributed reaction on the external supports of edge panels sho
e value of the fattored uniformly distributed reaction from the panel, ry, at the ed
ned from Formula (77) or Formula (78) plus the uniformly distributed reaction of an

e sum ef.the factored uniformly distributed reactions, ry, obtained using either Forr
ula (#8), as appropriate, for both neighbouring spans at that support.

vay slabs, ry
ng direction

(77)

(78)

/m;

hld be equal
lge support,
y cantilever
ports should
nula (77) or

12

Irders, beams and joists

12.1 General

The design of girders, beams and joists should be performed employing the requirements of Clause 12.
The guides apply to isolated beams, to girders, beams and joists that are part of a floor system, and to
girders that are part of a moment resisting frame supported on columns or concrete structural walls.
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12.2 Design load definition

12.2.1 Loads to be included

The design load for girders, beams, and joists should be established from the guides of Clause 8. The
gravity loads that should be included in the design of the element should be divided in tributary loads
from other structural elements supported by the element being designed, and loads applied directly on
the element being designed. Adjustments for the effects of lateral loads should be performed employing
the guides of Clause 16.

12.2.1.1 Tributaryleads

The reactions from other structural elements supported by the girder, beam or joist should.censider
the followinjg:

a) dead loads: including the selfweight of the supported structural elements, the loads‘caused by flat
and stapding non-structural elements and the loads from any fixed equipment_carried by these
supported elements;

b) live loads applied on the supported elements.

12.2.1.2 Logads carried directly by the beam, girder or joist
Loads carrig¢d directly by the beam, girder or joist should consider-the following:

a) dead loads: including selfweight of the structural element,@nd the flat and standing non-strucfural
elements, and fixed equipment loads, applied directly onthe element;

b) live loads applied directly to the element being designed.
12.2.2 Factored design loads

12.2.2.1 Fdctored design loads for loads carried directly by the element

a) For uniformly distributed loads carried directly by the girder, beam, or joist, the value of the
unifornly distributed factored design loads, wy in N/m, should be the greater value obtadined
combining wq and wj using Formula (5) and Formula (6). If the girder, beam, or joist, is part of 4 roof
system,|Formula (7) and Férmula (8) should also be investigated, choosing the greatest value jof all
four formulae.

b) Forall cpncentratedloads carried directly by the girder, beam, or joist, the value of any concentrated
factored design load, py, in N, should be the greater value obtained combining pq and p; Formula (5)
and Formula (6}for each concentrated load locations in the girder, beam, or joist span.

12.2.2.2 Fdctored reactions from supported structural elements

a) The largest factored uniformly distributed reaction from all tributary structural elements, ry, in
N/m, should be obtained.

b) For concentrated loads, the largest factored concentrated reactions from all the supported
structural elements, Ry, in N, should be obtained for all concentrated load locations in the girder,
beam, or joist span.

12.2.2.3 Total factored design load

a) The total factored uniformly distributed load W, in N/m, should be the sum of the values obtained
for factored uniformly distributed loads, wy, from 12.2.2.1 and reactions, ry, from 12.2.2.2.
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b) For all concentrated load locations in the girder, beam, or joist span the total factored concentrated
load Py, in N, should be the sum of the values obtained for factored concentrated loads, py, from
12.2.2.1 and reactions, Ry, from 12.2.2.2.

12.3 Details of reinforcement

12.3

.1 General

For the purposes of the present guidelines, the reinforcement of girders, beams, and joists, should be of
the types described and should comply with the guides of 12.3.2 to 12.3.4.22.

12.3

12.3

Tran
the 1
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verti
or by
stirr
stirr
stirr

12.3

12.3

The
9.8.4
of ve

12.3

Stirr
indid

2 Transverse reinforcement

2.1 Description

sverse reinforcement for girders, beams, and joists, should consist of stirrups th
bngitudinal reinforcement and are placed perpendicular to the longitudinal axis of
rying intervals along the axis. The stirrup should consist of single o¥' multiple vertic
al leg should engage a longitudinal bar either by bending around it when the stirry
the use of a standard stirrup hook (see 9.3.12) surrounding the longitudinal bar at th
ip. See Figure 71. Under the present guidelines, all stirrups-ifi girders and beams shoy
ips with 135° hooks, as shown in Figure 71 a). In joists{it\should be permitted to en
1p types shown in Figure 71.

2.2 Location

2.3 Minimum transverse reinforcement.area

minimum area of shear reinforcement; Ay, within a distance s, should comply with t
4. Ay corresponds to the product of the area of the bar of the stirrup, Ap, multiplied byj
Itical legs of the stirrup.

2.4 Maximum and minimum spacing of stirrups

ated in 9.3.15.

\ F U [ ]
b) 0) d) e)

a)

f) g) h)

ht surround
the element
h] legs. Each
p continues
e end of the
Id be closed
ploy all the

he guides of
the number

Lips should not be spacedfurther apart as indicated in 9.8.4.4, nor should it be placed closer than as

Figure 71 — Typical stirrup shapes

12.3.2.5 Stirrup leg splicing

It should not be permitted to lap-splice bars that are part of stirrups.

12.3.2.6 Hanger reinforcement

Where beams are supported by other girders or beams of similar height, special hanger reinforcement
stirrups should be provided as indicated in 12.3.5.5.4.
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12.3.2.7 Support of stirrups

Stirrups should be attached and anchored in the upper part of the section to longitudinal negative
supporting bars in order to avoid that the stirrups fall during casting of the concrete (see Figure 72).
See 12.3.4.10.

1 2

N ‘\/‘—IT
B

7 . I D S ==

| Y%

negative(flexural reinforcement

Key

1

2 stirrup sppporting bars

3 stirrup spparations

4  positive flexural reinforcement

Figure 72 — Typical stirrups spacing along the girder, beam or joist

12.3.3 Posijtive flexural reinforcement

12.3.3.1 Description

Positive flexural reinforcementshould be provided in the lower part of the girder, beam or joist se¢tion,
as required|in Clause 12 and-should comply with the general guides of 12.3.3 and the particular gyides
for each element type assetforth in 12.3.5.

12.3.3.2 Lgcation

Positive flexurdl reinforcement should be provided longitudinally in the girder, beam or joist. Positive
flexural reinforcement should be located as close as concrete cover guides permit (see 9.3.10.1) tp the
bottom surface of the girder, beams or joist. The amount of positive flexural reinforcement should be
that required to resist the factored positive design moment at the section. Where girders, beams or
joists give support to other girders, beams, or joists, the positive flexural reinforcement of the supported
element should be placed on top of the positive flexural reinforcement of the supporting element.

12.3.3.3 Minimum reinforcement area

Positive flexural reinforcement should have an area at least equal to the area guide by 9.5.3.1. The
minimum number of bars guide by 12.3.4.15 should be complied with.

12.3.3.4 Maximum reinforcement area

Positive flexural reinforcement area should not exceed the values set forth in 9.5.3.2.
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12.3.3.5 Minimum and maximum reinforcement separation

Positive flexural reinforcement should not be spaced closer than guided by 9.3.15 and 12.3.4.11. The
maximum reinforcement separation should comply with 12.3.4.15. When two or more layers of positive
reinforcement are employed, the layers should not be placed closer than permitted by 9.3.16.

12.3.3.6 Cut off points

It should be permitted to suspend, at the locations indicated in 12.3.5.5, no more than one-half of the
positive flexural reinforcement required to resist the corresponding factored design positive moment
at mid-span.

12.3{3.7 Reinforcement splicing

It shjould be permitted to lap-splice the remaining positive flexural reinforcément frpm 12.3.3.6
between the cut-off point and the opposite face of the support.

12.3{3.8 Embedment at interior supports

Posiffive flexural reinforcement suspended at an interior support should be embedded by coftinuing it to
the opposite face of the support, plus the distance required to comply-with the lap splice guifle of 9.4.2.

12.3{3.9 End anchorage of reinforcement

Posiffive flexural reinforcement at the end of the girder, beam or joist should extend to the edge and
should end with a standard hook.

12.3{3.10 Positive flexural reinforcement @cting in compression

Positlive flexural reinforcement acting in compression should be surrounded with stirrupg or ties that
comply with 9.6.3.2.

12.3}3.11 Minimum diameter of longitudinal reinforcement

Longitudinal bars of beams and girders should have a nominal diameter, dp, of 12 mm or mpre.
12.3}4 Negative flexuralreinforcement

12.3{4.1 Description

Negdtive flextizal reinforcement should be provided in the upper part of the girder, b¢am or joist
sectipn, at edges and supports, in the amounts and lengths guide in Clause 12, and should fomply with
the genetal guides of 12.3.4, and the particular guides of 12.3.5.

12.3.4.2 Location

Negative flexural reinforcement should be provided at edge and intermediate supports. Negative
flexural reinforcement should be located as close as concrete cover guides permit (see 9.3.10.1) to
the upper surface of the of the girder, beams or joist. At supports where girders or beams intersect,
the negative flexural reinforcement of the elements with the larger span should be located above the
negative flexural reinforcement of the intersecting element with the shortest span. The amount of
negative flexural reinforcement should be that required to resist the factored negative design moment
at the section.
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inimum reinforcement area

Negative flexural reinforcement should have an area at least equal to the area guide by 9.5.3.1. The
minimum number of bars required by 12.3.4.15 should be complied with.

12.3.44 M

Negative fle

12345 M
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maximumr

reinforcemd
reinforcemd

12.3.4.6 Cy

It should bd
locations in
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12.3.4.8 End anchorage of reinforcement

Negative fle
standard hg
the edge, co
negative flej

12.3.4.9 Ng

Negative fle
comply with

12.3.4.10

In the dista

aximum reinforcement area

xural reinforcement area should not exceed the values set forth in 9.5.3.2.

inimum and maximum reinforcement separation

xural reinforcement should not be spaced closer than guided by 9.3.15 and 12.3.411

The

pinforcement separation should comply with 12.3.4.15. When two or more layers of neg
nt are employed, the layers should not be placed closer than permitted by 9.3.16:-Neg
nt of T-beam construction should comply with 12.3.4.20.

It off points

Hicated in 12.3.5.5. Where adjacent spans are unequal, cut-off points of negative fle
nt should be based on the guides for the longer span.

tinforcement splicing

t be permitted to lap-splice negative flexural reinforcément between the cut-off poin

xural reinforcement at the end of a girdeér, beam or joist should be anchored employj

mplying with the anchorage distahce required by 9.4.3. At the external edge of cantilg
kural reinforcement perpendicular to the edge should end in a standard hook.

pgative flexural reinforeenient acting in compression

kural reinforcement ‘acting in compression should be surrounded with stirrups or tieg

Negative reinforcement for support of stirrups

ative
ative

permitted to suspend the negative flexural reinforcement, except for cantilevers, at the

kural

[ and

ing a

ok into the edge girder, beam, column; or structural concrete wall that provides supp¢rt at

VEr'S,

that

ce aleng“the span of the girder, beam, or joist, between negative reinforcement cyit-off

The
Id be

points, negative Peinforcement should be provided for attachment and anchorage of stirrups
diameter of|the bars should be greater than or equal to the bar diameter of the stirrups. It shou
permitted totap-spheethesebarsalengthgreaterthanoreqtat-te T

12.3.4.11 Maximum number of longitudinal bars in a layer

The maximum number of longitudinal bars in a layer should be determined for the longitudinal and
transverse reinforcement bar diameters, the appropriate concrete cover (see 9.3.10), the maximum
nominal coarse aggregate size, and the minimum clear spacing between bars (see 9.3.13). When these
computations are not performed, it should be permitted to employ the guides of 12.3.4.12 to 12.3.4.14.
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12.3.4.12 Girders and beams with by, = 300 mm

For girders and beams whose width, by, is greater than or equal to 300 mm, it should be permitted to
determine the maximum number of bars in a layer employing Formula (79) where b,y is the girder or
beam width, in mm. See Table 18.

b
No. of bars in a layer < % -3 (79)

12.3.4.13 Girders and beams with bw < 300 mm

Threle longitudinal bars should be permitted for girders and beams whose width, b(g;lis less than
300 mm and greater than or equal to 250 mm. Two longitudinal bars should be employed for girders
and peams whose width, by, is less than 250 mm. See Table 18.

Table 18 — Maximum number of longitudinal bars in a layer for girders and b¢ams

Beam web width, b, Maximum number 6flongitudinal
(mm) bars
bW < 200 mm section not permitted
200 mm < bW < 250 mm 2 bars
250 mm < bw < 300 mm 3 bars
b
300 mm < by, <| % -3 bars
50

12.3(4.14 Joists

The maximum number of longitudinal bars in joists should be one for web widths, by, (seg¢ Figure 48),
less than or equal to 150 mm,but it should be permitted to bundle in contact up to two Hars locating
one |n top of the other. For{web widths greater than 150 mm and less than 200 mm, the maximum
number of bars in a singlé layer should be two, and it should not be permitted to bundle them. For web
widths greater than and?qual to 200 mm, the maximum number of bars in a single layer should be one
mor¢ than those allewied for girders and beams in 12.3.4.12 and 12.3.4.13.

12.3{4.15 Minimum number of longitudinal bars in a layer

To minimize flexural cracking width at points of maximum moment, a larger number of smaller
dianjetérbars should be employed as opposite to a small number of large diameter barg. For joists,
the minmimum numhber of longitudinal hars should he one 12 3416 and 12 3417 should be met at
sections of maximum positive and negative moment for girders and beams whose width, b, is greater
than or equal to 300 mm. For girders and beams with by, less than 300 mm, the minimum number of
longitudinal bars should be two.

12.3.4.16 Exterior exposure

The minimum number of longitudinal bars in a layer that should be employed for girders and beams
that are exposed to earth or weather should be greater than or equal to the value given by Formula (80),
where by, is the girder or beam width in mm.

b
No. of bars in a layer > _WO (80)
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12.3.4.17 Interior exposure

The minimum number of longitudinal bars in a layer that should be employed for girders, and beams,
that are not exposed to earth or weather, should be greater than or equal to the value given by
Formula (81), where by is the girder or beam width in mm.

b
No. of bars in a layer > % (81)

12.3.4.18 SKkin reinforcement

If the effectfive depth d of a girder, beam, or joist exceeds 800 mm, longitudinal skin reinforcement
should be upiformly distributed along both side faces of the member for a vertical distanceyeqyal to
d/2 nearest|the flexural tension reinforcement. The vertical spacing, s, in mm, between bars/shoulld be
obtained using Formula (82), but it should not exceed d/6, nor 300 mm. See Figure 73

- 100D - 4, o
ST a1 750 (82)
2
1 \
L) 0‘0 C\ ”
/ﬁ'%/'l(_i “ Q
1 RN
= (o (“.’ 1] M
B ol ” S () (
LTS
() T
© 1. [

Key
1  skin reinforcement

2 negative[reinforcement in tension
3 positive freinforcementin tension

F

e

gure 73— SKin reinforcement for girders, beams and joists with d > 800 mm

12.3.4.19 Reinforcement in flanges of T-beams

For girders and beams that are shaped as T-beams, except joists, with a flange or slab in the upper part,
the guides of 12.3.4.20 and 12.3.4.21 for the reinforcement located in the flange should be employed.
When the girder or beam is part of a slab-on-girder system, the reinforcement in the flange should not
be less than the required for the slab.

12.3.4.20 Distribution of negative flexural reinforcement in flanges of T-beams

Where flanges of T-beam construction are in tension, negative flexural reinforcement in the direction
of the beam should be distributed over width equal to the smaller of the effective flange width defined
in 9.7.6 or one-tenth of the span of the beam. If the effective flange width of 9.7.6 exceeds one-tenth
of the span, the rest of the effective flange width should have reinforcement in the direction of the
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beam greater than or equal to the shrinkage and temperature reinforcement for slabs of 9.5.2.1. See
Figure 74. For this case, the guides of 12.3.4.11 should not apply.
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hrinkage and temperature reinforcement outside of with for distributién of negative reinforcem
vhith for distribution of negative flexural reinforcement in tension

ransverse reinforcement calculated supposing the flange acts\as‘a cantilever
eam negative flexural reinforcement in tension

lear cantilever span for obtaining transverse reinforcenrent, equal to overhanging portion of ef
vidth or full overhang for isolated T-beams

Figure 74 — Reinfercement in flanges of T-beams

4.21 Transverse flange reinforcement

e top of the flange, reinforeement perpendicular to the beam should be provided f
red negative moment gbtained from Formula (56), using a value of I, equal to the

on of the flange width defined in 9.7.6, and for isolated T-beams the full width of

e or the flange width' defined in 9.7.6. This reinforcement should comply with th
Live flexural reinforcement in slabs as set forth in 11.3.4. See Figure 74.

4.22 Girder and beam reinforcement in seismic zones

rders and“beams supported directly on columns and structural concrete walls that 4

ent

fective flange

o resist the
bverhanging
bverhanging
e guides for

ire part of a

entcresisting frame located in seismic zones, reinforcement should comply with the additional

rements of Clause 16. Joists and beams that are not part of a frame are exempt from th

e additional

seis

fcguides:

12.3.5 Joists and beams supported on girders

12.3.5.1 General

12.3.5 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 described in 10.1.4.4, are covered and should
comply with the general guides of Clause 10.
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12.3.5.2 Dimensional guides

12.3.5.2.1 Joists

In addition to the appropriate guides of Clause 12, joists should comply with the general dimensional
guides of 6.1, and the particular guides of 10.1.4.1. The minimum allowable depth should comply with

10.5.3 for one-way joist and of 10.5.4 for two-way joists.

12.3.5.2.2 Beams

should com
spacing bet
compressio

12.3.5.2.3

All cantilevg
supports pr

12.3.5.3 F4

12.3.5.3.1

The factore

supporting
the distribu
concentrate
distributed

ly with 10.5.3. The width of the web of beams, by, should not be less than 200-mm
een lateral supports of isolated beams should not exceed 50 times the least|width
flange or face.

Cantilevers of joists and beams

rs of joists or beams should be the external continuation of an elefitent that spans bet

ctored flexural moment

Cantilevers of joists and beams supported on beams, girders or walls

i negative flexural moment, M, for beam and joist cantilevers that span out of the

pirders, beams or structural concrete walls, 8hould be calculated supposing that one-h
ted factored load, W, acts as a concentrated load at the tip of the cantilever along wi
d loads that act on the span of the cantilever, ZP,, and the other one-half acts as unifg
oad over the full span, using Formula{83), but it should not be less than the factored neg

flexural moiment of the first interior span at the'exterior supporting girder, beam or structural con

wall, nor les

M_:

u

where I, sh
inN,and M

12.3.5.3.2

The factore

5 than one-third of the positive‘moment, in the same direction, of the first interior span

Jrln-Z:Pu

2
w18
4

" should be ghtained in N - m.

Dne-spanjoists and beams supported on beams, girders or walls

one-way jois

clear span o

1 positive and negative flexural moment, My, in N - m, for one-span beams and oneH

fthe beam or joist in m, W, should be employed in N/m, and )P, should be in N.
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buld be the clearspan of the cantilever in m, W, should be employed in N/m, 2P, shoulld be
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e the

(84)
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12.3.5.3.3 Joists and beams supported on beams, girders or walls, with two or more spans

The factored positive and negative flexural moment, My, in N - m, for beams and one-way joists
supported on beams, girders or structural walls should be calculated using the Formula (86) to
Formula (91), where I, should be the clear span of the beam or joist in m, W, should be employed in
N/m, and £P, should be in N.

Positive moment:
— atend spans:
1AL ‘12 I

Mt =—_—_u4u m_ "'m \'p 86
u 11 9 z u (86)

— Jtinterior spans:

w12

l
- _u m_, m \'p 87
b 16 5 z b (87)

—

Negdtive moment at supports:

— 3t interior face of external support:

w12
u m m
p= e P, (88)

—
=~

— atexterior face of first internal support, only two spans:
w12 ]
— u m m E

—
|

— at faces of internal supports, mote than two spans:

w12
TR )¢ o0

—_—
~

3t faces of all supperts for joists with spans not exceeding 3 m:

—

KONy
- =4 Jg, m )2 91
" 12 8 Z " (1)

12.3{5.3:4" 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 the values obtained from 12.3.5.3.1 to 12.3.5.3.3, and 12.3.5.4.1 to 12.3.5.4.3, if the
following guides are met.

a) The analysis 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-term and long-term material properties.

c) The analysis 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_ = 4500,/ f, , in MPa.
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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)

to obtai

g)

n the factored moment and shear at faces of supports.

Span length should be taken as the distance centre-to-centre of supports, but it should be permitted

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.
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permitted to obtain the factored moment for two-way joists supported on beams{girdg
ralls employing the guides of 11.8.1 and 11.8.2, except the minimum depth of the stippo
ders guide in 11.8.1 c) (see 10.1.4.4).

ctored shear

Cantilevers of joists and beams supported on beams, girders‘or'walls

1 shear, 1/, at the support of cantilevers should be calculatedwusing Formula (92), whe
e clear span of the cantilever in m, W, should be employéd ih N/m, and P, in N.
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The factoredl shear, V, in N, for one-span beams andone-span one-way joists should be calculated yising
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positive and negative flexural moment, My, in N - m, for beams and one-way joists supp
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12.3.5.4.4 Use of frame analysis

(94)

(95)

It should be permitted to use a frame analysis for obtaining the factored shears as a substitute for the

values obtai
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ned from 12.3.5.4.1 to 12.3.5.3.3 if the guides of 12.3.5.3.4 are met.
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.5.4.5 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 employing the guides of 11.8.1 and 11.8.4, except the minimum depth of the supporting
beams or girders guide in 11.8.1 c) (see 10.1.4.4).
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The

for the greater value of M~ obtained from 12.3.5.3 for both sides of the support, converte

(1IN
12.3]
nega
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all t
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.5.5 Reinforcement

.5.5.1 Positive flexural reinforcement

h
propriate value of M;r obtained from 12.3.5.3 converted to N- mm (1 N - m = 103:'N

itive reinforcement ar

l b in mm. When a slab is present in the upper part of the section or when the-bea
iped, it should be permitted to employ the T-beam effect as indicated in 9.7.6/Thé posi
orcement should comply with the guides of 12.3.3. At internal supports, ata distance ¢
ured from the face of the supports into the span, up to one-half\of the posit]
orcement should be permitted to be suspended if there are no concentrated loads
nce. For one-span beams and joists, no suspension of positive reinforcement should b

igure 75.

5.5.2 Negative flexural reinforcement

hegative flexural reinforcement area should be determined employing Formula 35 or

a (36), with
mm), using
m or joist is
tive flexural
qual to I, /8
ive flexural
within that
b permitted.

Formula 36,

-m = 103 - N - mm), using d and b in mm. This.réinforcement should comply with t
4. When a slab is present in the upper part of‘the section or when the beam or joist
tive flexural reinforcement should comply\writh 12.3.4.19. At a distance equal to Iy, /4
orts, and I, /3 for internal supports, measured from the internal face of the support iy
ne negative flexural reinforcement should be permitted to be suspended. See Fig
bnsion of negative reinforcement shiould be permitted in cantilevers.

dtoN-mm

he guides of
is T-shaped,
for external
to the span,
rure 75. No
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ure 75 — Reinforcement for beams and joists supported on beams or girders

bf Vy at the faces of the right andleft supports should be obtained using the approp
m 12.3.5.4. A diagram showing the shear variation within the span should be constr
h the value of 1/, in N, at theiface of the left support taken as positive. The shear fro
bding to the right shouldbe‘decreased at a rate equal to [(Vy)ieft supp. + (Vu)right supp. — 3

riate

as guided by 9.3.15 should be observed. The f1rst stlrrup should not be placed further than 5/2 from the
face of the supporting element, being s the required spacing of stirrups at the support.
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Figure 76 — Calculation of the shear diagram of the beanior joist supported on beams or girders

12.3}5.5.4 Hanger reinforcement

Wheh a beam is supported by a girder of essentially the same depth, hanger reinforcement should be
provjded in the joint. The forces from the reaction from the supported beam tend to push down the
bottgm of the supporting girder and should‘be resisted by hanger reinforcement in the form of closed
stirriips placed in both elements in addition to the stirrups for shear. See Figure 77. The determination

of the hanger reinforcement should be'made complying with the following.

a)

b)

d)

f!
N°C b .d|,itshouldH
4_ wW

o waive the hangerxeinforcement, where ¢ = [0,85]. See 6.3.3 d).

If V, from the supported béam at the interface isless than | ¢ - e permitted

If hp is greater that one-half the total depth of the supporting girder, where hy, is [the vertical
iistance measured from the bottom of the supporting girder to the bottom of the supported beam,
it should be'permitted to waive the hanger reinforcement.

The hanger reinforcement should be full depth closed stirrups with a total area 4; as|determined
frem\Formula (96).

(1_h_bJ 1%
h u
A>> 87 (96)

Y,

In Formula (96), V, is the shear from the supported beam at the interface, A; is the area of the
additional stirrups, hs is the total height of the supporting girder, fy is the specified yield strength of
the steel of the stirrups, and ¢ = [0,85]. See 6.3.3 d).

Additional stirrups with an area greater than or equal to 2/3 of 4j should be placed in the supporting
girder for a distance along the longitudinal axis of the supporting girder equal to or less than the
width of the supported beam, by, plus hp at each side. In the computation of the 2/3 of 4;, only the
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area of legs of the additional stirrups that are located at the side of the supported beam should be

taken into account.

f) Additional stirrups with an area not greater than 1/3 of 4; should be placed in the supported beam
for a distance d/4 along the longitudinal axis of the supported beam from the face of the supporting
girder, where d is the effective depth of the supported beam.

g) The bottom longitudinal reinforcement of supported beam should be placed over the bottom
longitudinal reinforcement of the supporting girder.

b+2h,
1\ 2 >24./3 <A.J3
1A \ ./ L T ]
b E
<
_‘/1_ Ny
=

Key

1 supportdd beam

2 supportdd girder

Figure 77 — Hanger reinforcement
12.3.5.6 Cdlculation of the reactions on beams and girders
12.3.5.6.1 Pne-way joists

The factord
distributed.
Formula (97
(see Figure

-

d reaction on the supperts of joist should be permitted to be considered unifo
The factored reaction(oii the supports ry, in N/m, should be the value obtained

1-8):
-1

n

rmly
from

) plus the uniformlydistributed reaction from any cantilever spanning from that support

(97)

is tl

he £a€t91:8d Sheal: fFQm 12354 in N-
—o=4a5Hy

is the centre-to-centre span of the beam, in m;
is the clear span of the joint, in m;

is the centre-to-centre spacing between joists, in m.

12.3.5.6.2 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 employing the guides of 11.8.1 and 11.8.5, except the minimum depth of the
supporting beams or girders required in 11.8.1 c) (see 10.1.4.4).
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12.3.5.6.3 Beams

The factored reaction on the supports Ry, in N, should be the value obtained from Formula (98) plus the
factored reaction from any cantilever spanning from that support:

R =-u (98)

where

/., _is the factored shear from 12.3.5.4,in N;

]|  isthe centre-to-centre span of the beam, in m;

In is the clear span of the beam, in m.

13 Columns

13.1] General

The flesign of columns should be performed using the guides, ef{Clause 13. The memberq covered by
this subclause are members reinforced with longitudinal bars and lateral ties, and members reinforced
with|longitudinal bars and continuous spiral. Both rectangular and circular sections are covered.

13.2 Design load definition

13.2|1 Loads to be included

The dlesign load for columns belonging to frames or slab-column systems should be establileed from the
tribytary loads from each floor located above the column, plus the selfweight of the columpn. Tributary
load§ should be established from theguides of 8.1 and the particular guides of each tribuffary element

type| See Figure 78.
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a  Reactionls at the ends of the element.
b Actions 4t the joint.
¢ Loads applied to the top of the column.

Figure 78 — Column factored design forces from.dne story and in one direction
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Figure 79 — Column forces in different floors

13.2.2 Dead load and live load

The values of Pq for dead load and P for live load should be in N. Pq should include the selfweight of the
column, assuming concrete unit weight as 24 x 103 N/m3. The selfweight should be factored employing
the load factors for dead load of the corresponding combination formula from 8.1.1.1. It should be
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permitted to apply the selfweight of the column corresponding to each floor at the lower part of the
column in that floor. See Figure 79.

13.2.3 Factored design loads

The value of the factored design loads P, and M, should be established for the column at the upper and
lower part of the column in each story. A distinction should be made about the direction of the axis in
plan along which the moments Myx and Myy act. See Figure 79.

13.3 Dimensional guidelines

13.3.1 Genleral

In addition
the general
eccentricity|
foundation.

shapes are heyond the scope of these guidelines.

13.3.2 Limfiting section dimensions

13.3.2.1 M

to the appropriate guidelines of the present subclause, columns should.comply

between upper and lower columns and should be continuous all thecway down t
Column section shape should be either rectangular or circular. All ‘'other cross-se

jnimum section dimensions for rectangular columns

with

dimensional guidelines set forth in 6.1. Columns should be aligned vertically, without

b the
ction

Under the present guidelines, section dimension for rectangular columns should comply with the

following lix

hits (see Figure 80).

a) The shqrtest cross-sectional dimension should not béiless than 300 mm. For columns in buildlings

located

b) The rat
not exce

in seismic risk zones, see 16.5.3.1.

o of the largest cross-sectional dimension to the perpendicular shortest dimension s}
ed 3.

M1

jould

Figure 80 — Minimum cross-section dimensions for rectangular columns

13.3.2.2 Minimum section dimensions for circular columns

Columns with circular cross-section should have a diameter of at least 300 mm, as shown in Figure 81.
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h =300

Figure 81 — Minimum cross-section dimension for circular columns

13.3.3 Distance between lateral supports

13.3{3.1 General

It shpuld be considered that lateral restraint is provided by the floor system in.the tw¢ horizontal
direqtions at all levels that are supported by the column. See Figure 82.

X X )
1 ) \®
y e e
| Q- Xk
~ N -
2N AN
2 \0)
/Id/]o ~ \(“\e
o rd
¢ 3 SN
1 2 2 3
Key
dentral
g¢dge
dorner

Figure 82 — Lateral restraint for columns

13.3(3.2 €entral columns

The ¢lear distance between lateral supports, hy, for central columns should not exceed té¢n times the
dimension of the column cross-section parallel to the direction of the support. See Figure 82.

13.3.3.3 Edge columns

The clear distance between lateral supports, hy, perpendicular to an edge for edge columns should not
exceed nine times the dimension of the column cross-section perpendicular to the edge. See Figure 82.

13.3.3.4 Corner columns

The clear distance between lateral supports, hy, for corner columns should not exceed eight times the
minimum dimension of the column cross-section. See Figure 82.
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13.3.4 Column built monolithically with wall

Outer limits of the effective cross-section of a tied or spirally reinforced column built monolithically
with a concrete wall should be taken not greater than 40 mm outside the tie or spiral reinforcement or
the lateral wall faces. See Figure 83.

Key
1  wall

Fig

13.4 Detalls of reinforcement

13.4.1 Gen

For the purposes of these guidelines, the reinforcement of columns should be of the types describ

this subclayl

13.4.2 Longitudinal reinforcement

13.4.2.1 D¢

Longituding
9.5.4.4. Lon
9.3.10.1 and|

P ——

40

40

fure 83 — Effective cross-section of columns built monolithically with a wall

eral

se and should comply with the guides of 13.4:2to 13.4.3.4.

pscription and location

| reinforcement should be provided in the periphery of the column section, as guid
bitudinal reinforcement-should be located as close as concrete cover guides permit
13.4.2.9) to the lateral‘surfaces of the column. The amount of longitudinal reinforce

should be t
factored md

Figure 84.

13.4.2.2 M

hat guide to resist-the simultaneous action of a combination of factored axial load
ments at the seetion acting about the two main axis of the section of the column|

jnimum<and maximum longitudinal reinforcement area

The maxim|

myand minimum longitudinal reinforcement area should comply with the guid

ed in

bd in
(see
ment
and
. See

bs of

9.5.4.1 (0,01 £pt < 0,06).The maximum longitudinal reinforcement area is also limited by the ll)eam

reinforcememnttrthrebean=—cotummjoint:

13.4.2.3 Minimum diameter of longitudinal bars

Longitudinal bars of columns should comply with the minimum guide nominal diameter, dy, as set forth
in 9.5.4.2 (16 mm).

13.4.2.4 Minimum number of longitudinal bars

The minimum number of longitudinal bars in rectangular and round columns should be as set forth in

9.5.4.3 (4 ba

128

rs in rectangular columns or 6 in circular columns).
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13.4.2.5 Minimum and maximum reinforcement separation

Longitudinal reinforcement should not be spaced closer than guide by 9.3.17 (1,5 d, or 40 mm).

13.4.2.6 Reinforcement splicing

It should be permitted to lap-splice up to one-half the longitudinal reinforcement at any given section,
as long as only alternate bars are lap-spliced. See Figure 85.

All lap splices of longitudinal reinforcement should comply with 9.4.2.1 [“alternative methods like gas
pressure welding or mechanical connectors could be used taking account of the practical situation of
each

13.4

Long
trang

13.4

Offsd

a)
b)
‘)
d)

e)
f)
g)

q

I
I

3
COUMtTy |

2.7 End anchorage of reinforcement

itudinal reinforcement at the upper end of the columns and at the foundation el
mits the loads to the underlying soil should extend to the extreme and efrd-with a star

2.8 Longitudinal bar offset

t bent longitudinal bars should conform to the following.

$lope of inclined portion of an offset bar with axis of colunin,should not exceed 1 in 6.

Portions of bar above and below an offset should be parallel to axis of column.

{orizontal support at offset bends should be provided by lateral ties or spirals.

he computed force in the inclined portion.efan offset bar.
Lateral ties or spirals should be placed not more than 150 mm from points of bend.
Dffset bars should be bent beforeplacement in the forms.

(Vhere a column face is offset\from the face of the column below more than 1/6 of the
rirder or slab, or 80 mm, longitudinal bars should not be offset bent. Separate dowelf
vith the longitudinal bars adjacent to the offset column faces should be provided.
hould conform to 9.4.2.1.

bments that
dard hook.

{orizontal support provided should be designed to resist 1,5 times the horizontal component of

depth of the
, lap spliced
Lap splices

The ratio of A/B should not exceed 1/6.

Figure 84 — Longitudinal bar offset
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13.4.2.9 Maximum number of longitudinal bars per face of rectangular column

The maximum number of longitudinal bars in a layer should be determined for the longitudinal and
transverse reinforcement bar diameters, the appropriate concrete cover (see 9.3.10), the maximum
nominal coarse aggregate size, and the minimum clear spacing between bars (see 9.3.13). When these
computations are not performed, it should be permitted to employ the following guides.

a) For columns section dimension under study, b, greater than or equal to 400 mm, it should be
permitted to determine the maximum number of bars in a layer employing Formula (99), where b
is the column dimension under study in mm. See Table 19.

I

No. of bars per face < ;—C -1

(99)

b) Three Ipngitudinal bars should be permitted in the face of columns whose dimension-under sftudy,

b, is legs than 400 mm and greater than or equal to 300 mm. See Table 19.

Table 19 — Maximum number of longitudinal bars per face of rectangular column

Column dimension

Maximum numberof

b (mm) longitudinal bars
bC <300 mm Section not permitted
300 mm < bC < 400 mm 3-bars
b

400mm<h

<| -5 -1 bars

68

13.4.2.10

Maximum number of longitudinal bars in circular columns

The maximym number of longitudinal baxgs in circular columns should be determined for the longitufinal
and transvefse reinforcement bar diameters, the appropriate concrete cover (see 9.3.10), the maximum
nominal cogqrse aggregate size, andithe’'minimum clear spacing between bars (see 9.3.13). When these
computations are not performed;it should be permitted to determine the maximum number of|bars

employing Hormula (100), wheteyi'is the column diameter in mm. See Table 20.

No. of bars < i -6
22

Table'20 — Maximum number of longitudinal bars in circular columns

100)

Column diameter

Maximum number of

130

h (mm) longitudinal bars
h <300 mm Section not permitted
300mm<h

< i—6 bars
22
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Figure 85 — Typical column reinforcement layout
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13.4.3 Transverse reinforcement

13.4.3.1 General

Transverse reinforcement in the form either of tie reinforcement, complying with 9.6.4.1, or spiral
reinforcement, complying with 9.6.4.2, should be provided in all columns. At column-beam joints, a
minimum amount of ties, as guided by 9.6.4.3 should be placed. It should not be permitted to lap-splice
bars that are part of column ties.

13.4.3.2 Maximum and minimum tie and spiral spacing

The maximy
or 9.6.4.2, re

Im spacing along the axis of the column of the ties or spiral should be as indicated in;9]
spectively. Tie and spirals should not be spaced closer than guided by 9.3.15.

13.4.3.3 Tie hooks

Under the
permitted t
crossties er

resent guidelines, all ties of columns should have 135° hooks (see 9:.3:12). It shou
b employ crossties with a 135° hook in one end and a 90° in the otherend, and consec

flexural member (referring flexural members to the columns).

13.4.3.4 Cd
In columns

comply with
zones shoul

13.5 Flexu

13.5.1 Fact

The factore
requiremen

13.5.2 Init

13.5.2.1 T
It should be

a) Firsttri

2

lumn reinforcement in seismic zones

that are part of a moment resisting frame located in‘seismic zones, reinforcement s}
the additional guides of Clause 16. Columns that axe'part of slab-column frames in se
l comply with the additional guides of Clause 16

ral design guidelines

ored loads

l axial load, P,, and moment, My, at section under study should be obtained followin
[s of 13.2.

jal trial cross-section dimensions and longitudinal reinforcement

ial cross-section dimensions

permitted td establish initial trial cross-section dimensions in the following manner.

al grossross-sectional area, Ag, should be obtained from Formula (101):

A =~

—

d be
utive

gaging the same longitudinal bar should have their 90° hooks ‘ab opposite sides of the

jould
smic

o the

(B

101)

g

Je

b) Forrectangular cross-sections least dimension, b, should comply with Formula (102):

> 300 mm
>h/3

pl>h
> B
>

n

132

10 for central columns
9 for edge columns
/8 for corner columns

(102)
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c) Forrectangular cross-sections larger dimension, h, should comply with Formula (103):

> 300 mm

<3-b

h{= hn 10 for central columns (103)
>h_/9 for edge columns

> hn /8 for corner columns

d) For circular columns diameter, h, should comply with Formula (104):

> 300 mm

> hn 10 for central columns
>h_/9 for edge columns

> hrl /8 for corner columns

(104)

13.5}2.2 Trial longitudinal reinforcement

It sHould be permitted to establish initial trial area of longitudinal. reinforcement,| As;, in the
follolwing manner.

a) [or rectangular cross-sections the first trial area of longitudinalhreinforcement, Ast, shpuld comply
yvith Formula (105) (for minimum bar diameter of 9.5.4.2):

. 0,01- 4, (105)
4 2
o 4“(Ab)min.

b) For circular cross-sections the first trial area of longitudinal reinforcement, Ag, shpuld comply
yvith Formula (106) (for minimum bar diameter'of 9.5.4.2):

. J0.01-4, (106)
4 2
8 6.(Ab)min.

13.5|2.3 Factored flexural moment verification

Interjaction diagrams for the\column dimensions and reinforcement should be calculated in both
diregtions using the guides 0f13.7.2 to 13.7.4.4. The design moment in both directions shoulf be verified
employing the guides of 13.7.4.5 If the factored flexural moment, M, at required factorefl axial load,
Py, ekceeds the design moment strength at axial load level Py, the area of longitudinal refnforcement
should be increased;\without exceeding the maximum reinforcement area permitted by 945.4.1 or the
maximum numbér-ef bars in the face of column of 13.4.2.10. If an increase of the column d{mensions is
requjred becausé these limits are exceeded, the columns selfweight should be corrected and the column
should be verified for the new dimensions. These verifications should be performed at the upper and
lowef sections of the column of the same story.

13.5.Z.4 Biaxial moment strength verification

Once the column is verified for both directions independently, the biaxial design moment should be
verified employing the guides of 13.7.4.7 at the upper and lower sections of the column of the same story.

13.6 Shear design guidelines

13.6.1 Factored shear

The factored shear, 1/, should be determined from the vertical loads and from the horizontal loads. The
value should be that obtained from the appropriate load combinations from 8.1.1.
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13.6.1.1 Factored shear from vertical loads

The factored shear caused by the vertical loads should be determined from Formula (107) for each

direction:
M +(M
Vo= ( u )top ( u )bottom (107)
“ h
n

where

(Mu)top tsthefactoredmomentattheupperendof-thecotumm;

(MWbotdom is the factored moment at the lower end of the columns;

hyp is the clear distance between lateral supports of the column.
13.6.1.2 Fdctored shear from horizontal loads
The factoref shear, V;, caused by horizontal loads should be determined frain the horizontal loads

prescribed i

13.6.2 She

The shear s
9.8.3 and 9.{
The contrib
under study
and s to the
under study

the tie spacing s should be reduced.

13.6.3 Biaj

When the ¢
with Formu

In Clause 8, employing the appropriate load combinations from 8{1.1.

ar strength verification

B.4. The contribution of concrete to shear strengthshould be evaluated using Formula
ition of the transverse reinforcement of the column should be determined in the dire
using Formula (46) where Ay corresponds to:the area of the tie legs parallel to the g
larger tie spacing within the clear height.df’the column. The verification in the dire
should be performed employing Formula (43) and Formula (44). If Formula (43) is not

xial shear strength verification

plumn is subjected to sheaftin the direction of each axis simultaneously, it should co

a (108):

%

u

(

2 2

%4

u

HRO"

+

(6-V

where (Vy)x

(¢ - Vn)xand
for the appr

<1,0
), || (0),

and (Va)y/correspond to the factored shear that act in the direction of axis x and y
(¢ - Va)y correspond to the values of the design shear strength obtained from Formula
bpfiate direction x or y.

trength verification should be performed for beam-agtion shear employing the guides of

(45).

ction
hear,
ction
met,

mply

108)

and

107)

13.7 Strength of members subjected to axial loads with or without flexure

13.7.1 General

Calculation of the design strength of member sections of columns and structural concrete walls
subjected to axial loads or axial loads accompanied by flexural moments should be performed
employing the requirements of 9.6.4.

13.7.2 Combined factored axial load and factored bending moment

The factored axial load, Py, and the factored bending moment, M,;, which accompanies it and are caused
by the factored loads applied to the structure, should be determined for the particular element type in
accordance with the provisions of Clause 11 and Clause 12.

134
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13.7.3 Design strength for axial compression

13.7.3.1 Design strength for axial compression without flexure

Formula (109) should be used to determine the design axial strength, ¢ - Pgp,, for axial compression
without flexure:

b-P, :¢.[o,85-fc'(Ag _Ast)+A5t 'fy}

(109)

In Formula (109), ¢ = [0,70] for columns with ties and structural concrete walls and ¢ = [0,75] for

coluns with spiral reinforcement; see 6.3.3 c).

13.7
The

compression, with or without flexure, should not be taken greater than thatcalculated in

with

3.2 Maximum design axial load strength

design strength, ¢ - P, for axial load in columns and structural concrete walls

Formula (110) and Formula (111).

a)

b)

13.7

13.7

The
be d

formpulae only apply.terectangular columns with symmetrical reinforcement.

¢

Columns with ties and structural concrete walls:

Py (max) < 0809 Py,

max)
vhere ¢ = [0,70].
Columns with spiral reinforcement:

Py (max) < 0859+ Poy

n
vhere ¢ = [0,75].
4 Balanced strength for axial'compression with flexure

4.1 Square and rectangular tied columns, and structural concrete walls

Values for axial force; ¢+ Ppp, and moment, ¢ - Mpy, at the balanced design strength |
etermined in accordance with Formula (112) and Formula (113), respectively. Hoy

‘P, =¢-040-f, -h-b

ubjected to
accordance

(110)

(111)

boint should
vever, these

(112)

bn =@ Pon -0,25-h+¢- (0,954, +0,164)- f, '(;—d)

(113)

For Formula (113), the total longitudinal reinforcement area, Ast, should be divided into edge steel,
Ase, and intermediate steel, Agj, in such a manner that Age + Asi = Asg; see Figure 86. In Formula (112),

¢ =[0,70] while in Formula (113), ¢ =[0,90]; see 6.3.3 c).
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Figure 86 — Dimensions for calculation of balanced moment-design strength

13.7.4.2 Cigcular-section columns with spiral reinforcement

The values fpr axial force, ¢ - Ppn, and moment, ¢ - Mpy, at the balanced design strength point shoulld be
calculated in accordance with Formula (114) and Formula (115}, respectively:

¢-P, 4¢-04-f A (114)

-
¢-Mbn=¢-an-0,2-h+¢-0,5-Ast-fy-[E—dj 115)

For Formulg (115), h should be taken as\the diameter of the section of the column. In Formula ([114),
¢ =[0,75] while in Formula (115), ¢ =([0,90]; see 6.3.3 c).

13.7.4.3 Tension-controlled strength for axial compression with flexure

13.7.4.3.1 Square and reéctangular tied columns and structural concrete walls

should be determined in accordance with Formula (116) and Formula (117), respectively. However,
these formullaeonly apply to rectangular columns with symmetrical reinforcement.

The Values;[yr axial foxce, ¢ - Ppn, and moment, ¢ - Mpy, at the tension-controlled design strength point
e

¢-P, =9 0I8-F, hDb (116)

h .
¢-My, =Py, -0,45-h+¢-(0,954, +0,164)- f, -(E—dJ (117)

For Formula (117), the total longitudinal reinforcement area, Ast, should be divided into extreme steel,
Ase , and side steel, Agj, in such a manner that Age + Asj = Ast ; see Figure 86. In Formula (116), ¢ = [0,70]

and in Formula (117), ¢ =[0,90]; see 6.3.3 c).
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13.7.4.3.2 Circular-section columns with spiral reinforcement

The values for axial force, ¢ - Ppn, and moment, ¢ - My, at the tension-controlled design strength point
should be calculated in accordance with Formula (118) and Formula (119), respectively:

¢'Ptcn:¢'0’1'fri'Ac (118)

h '
¢.Mtcn :¢.Ptcn '0’5'h+¢'076"45t 'fy (E_dJ (119)

For Jormula [I19], 1 should be taken as the diameter ol the section of the column. In Formula (118),

¢ = [D,75] while in Formula (119), ¢ = [0,90]; see 6.3.3 c).

13.7}4.4 Design strength for axial tension without flexure

The dlesign strength, ¢ - Pty, for axial tension without flexure should be determined in accordance with

Formula (120):
q -Ptn =¢-Ast -fy (120)

In Fdrmula (120), ¢ =[0,90]; see 6.3.3 b).

13.7{4.5 Minimum design combined axial load and mement strength

The design moment strength, ¢ - My, at the sectiofi,of the element at the level of applied factored
axiall load, Py,should be equal to or greater than the greater factored flexural moment, M,, that can
accompany the factored axial load, Py, in accorddnce with Formula (121):

g-M, =M, (121)
Compliance with Formula (121) should be established by providing that the coordinateg of (My, Py)

are ipside the interaction design<strength surface of a moment against axial load interactjon diagram
relating ¢ - My and ¢ - Py, as indicated by the hatched area in Figure 87.
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Key
1  design strength for axial compression 6  design strength for axial tension
2 maximuin allowable axial compression load 7  design moment strength at factored axial load leyel, Py
3  interactipn design strength point 8 required factored axial load and moment
4  balance flesign strength point X moment
5 tension-gontrolled strength point Y axial load

The conditi

Figure 87 — Interaction diagram for (¢ - My, ¢ - Py)

that act on the column section:

P,<¢-P

ns specified in Formula (122) to Formula (126) should be met for all couples of Py and My

122)

138

..\...m,

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

P, =~(¢-Py) (123)
For values of Py 2 ¢ * Ppp:

M <¢-M. — (¢'Pon)_Pu '(¢'Mbn) (124)

’ " (¢'P0n)_(¢'an)

For values of ¢ - Pren < Py < @+ Ppp:

(4. (o.M
M,<¢-M —{ )=

u = n Pu_¢'Pn +¢'Mn (125)
(¢'an)_(¢'Ptcn) ( b ) ( b )
For vjalues of Py < ¢ * Pecn:
P, +(¢-Py)
M <¢-M_ = (o-M 126
u ¢ n (¢'Ptcn)+(¢.Ptn) (¢ tcn) ( )

13.7{4.6 Use of interaction diagrams

It shpuld be permitted to use interaction diagrams for columns from authoritative solirces, if the
employment of the strength reduction factors, ¢, as set forth ifi this document is warranted.

13.7}4.7 Biaxial moment strength

Cornler columns and other columns subjected to mements about each axis simultaneously should be in

accordance with Formula (127):

), (),
¢'Mn)x (¢'Mn)y

Where (Mu) and (Mu) correspond to the factored moments that act about the x|and y axes,
X y

<1,0 (127)

simufltaneously with the factored axial load P - (¢ M )X and (¢ M )y correspond to the values of

the vfalues of the design‘moment strength derived from Formula (124), Formula (125) or Fgrmula (126)
for the factored axialtoad value, Py, and for the appropriate direction x or y.

14 S$tructural concrete walls

14.1| General

The design of structural concrete walls should be performed using the guides of Clause 14. Both in-
plane and out-of-plane effects on reinforced concrete structural walls are covered.

14.2 Design load definition

14.2.1 Loads to be included

The design load for structural concrete walls should be established from the guides of Clause 8. The
loads that should be included in the design are as follows(see Figure 88).

a) Tributary live and dead loads from the tributary structural elements from each floor located above.
Tributary loads should be established from the guides of Clause 8 and the particular guides of each
tributary element type.

© IS0 2016 - All rights reserved 139


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

b) Selfweigth of the structural concrete wall.

c) Lateral forces from wind, earthquake or soil lateral pressures.
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a  Actiangat the joint of story n from tributary elements.

b Jatéral force applied to the wall at story n in direction x.

¢ Lateral force applied to the wall at story n in direction y.

d  Unbalanced moment from tributary story elements in direction x.

e Unbalanced moment from tributary story elements in direction y.

f Selfweight.

g  Actions at the joint of story n-1 from tributary.

h  Lateral force applied to the wall at story n—1 in direction x.

i Lateral force applied to the wall at story n-1 in direction y.

j Py, top of story n-1 wall equal to Py bottom from story n plus YR, from story n-1.
k¥, of story n-1 wall equal to Vy, from story n plus lateral force from story n.

Figure 88 — Structural concrete wall applied factored design forces
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14.2.2 Dead load and live load

The values of Pq for dead load and P for live load should be in N. P4 should include the selfweight of
the structural concrete wall, at 24 x 103 N/m3. The selfweight should be factored employing the load
factors for dead load of the corresponding combination formula from 8.1.1.1. It should be permitted to
apply the selfweight of the wall corresponding to each floor at the lower part of the structural concrete
wall in that floor. The value of the unbalanced moment caused by vertical loads should be obtained
from the guides of the supported element.

14.2.3 Lateral design load

The value o
and lower {
following m

a) The latg
of Claus

b) The fac
factoreq

the factored lateral load moment, My, (see Figure 89) should be established at the y
art of the structural concrete wall in both principal plan direction at each stoiy i
hnner.

ral load factored shear at each story x, Vyy, should be obtained for the wallfxom the g
e 16.

tored lateral force applied at each story x, Fyy, should be obtainéd)as the differen
| shear between the two neighbouring stories, Vyy and Vix+1)u.

pper
0 the

1ides

ce in

c) Factorefl lateral load moment, My, at each story x should be obtained employing Formula (128).
n
A !
Moy =D [Fu-(h -,)] 128)
IEX
F5u o
VSu -
> — I —_—
4u ~
v <
4 ~ n
! S
N ~_r L
u ~
v o <N S
3 ®
! v S
- L F -~
) Vs
< 2u
VZu = M Zua
T Flu =
Vi My, =Fy - (hg=h)) + F - (b - h)) + Fy - (hy )
1 s d
Key
1  wall
2 wall shears
3 wall lateral forces
a
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Lateral load factored design forces at level 2.

Figure 89 — Calculation of the lateral load factored moment

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=285726a2ca3050383700d181750c5a71

ISO 15673:2016(E)

14.2.4 Factored design load

The value of the factored design forces Py, Iy, and My should be established at the upper and lower part
of the structural concrete wall in each story. A distinction should be made about the direction of the
horizontal forces, dividing them into in-plane and out-of-plane forces. See Figure 90.

C

N | b

a o o o
_—

o

14.3

14.3

In ad
dime
rectd
pern
all tH

14.3

\xial force.
-plane moment.
-plane shear.
ut-of-plane shear.
ut-of-plane moment.
elfweight.

Figure 90 — In<plane and out-of-plane forces

Dimensional guidelines

1 General

dition to the appropriate guides of 14.3, structural concrete walls should comply with
nsional guides set-forth in 6.1 and 16.4.1. Structural concrete wall section shap

litted by 14.8/2-2. Structural concrete walls should be aligned vertically and should bg
e way dow to the foundation.

2 ALimiting dimensions

the general
b should be

ngular. All othieycross-section shapes are beyond the scope of this document, with the exception

continuous

14.3.2.1 Minimum thickness structural concrete walls

Under the present guidelines, the thickness of structural concrete walls should not be less than 150 mm
(see Figure 91) nor 1/25 of the length of the wall I, and at changes of thickness in contiguous stories,

theg
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uides of 16.4.1 c) should be met.
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Figure 9)1 — Minimum cross-section dimensions for rectangularstructural concrete walls

~

14.3.2.2 Columns embedded in walls

When columns are built monolithically embedded in walls; it should be permitted to make thelwall
thicker at the location of the column, without having>to increase the thickness of the whole|wall
cross-section. The transverse dimension of the columh'should meet the guides of 13.3.3. It should be
permitted tp place the increase of thickness at onesside of the cross-section.

14.3.2.3 Distance between lateral supports

It should bg considered that lateral restraint is provided by the floor system in the two horizpntal
directions gt all levels that are supported by the wall. See Figure 91. The clear distance between
vertical lateral supports, hy, for structural concrete walls should not exceed 20 times the thickngss of
the structural concrete wall.

14.3.2.4 Beams on top of walls

Beams or girders should be provided for the full horizontal length of the wall at every floor and roof
supported Hy the structural wall. These beams or girders should comply with the guides of 12.35.2.2
and should be reinforced as collector elements following the guides of 12.3.5.3.

14.4 Detailsof Teinforcement

14.4.1 General

For the purposes of these guidelines, the reinforcement of structural concrete walls should be of the
types described in this subclause and should comply with the guides of 14.4.2 to 14.4.4.
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14.4.2 Number of curtains of reinforcement

14.4.2.1 Two curtains of reinforcement

Two curtains of reinforcement parallel with the faces of the wall should be employed in the
following cases:

a)
b)
‘)
The

9.3.2

14.4

In al
reinf

14.4

14.4

Vertj
para
resis
secti

14.4

The

the gmount and separation of vertical reinforcement vary within the wall cross-section or
built

a)

b)

when the wall is more than 250 mm thick;

in walls where the vertical reinforcement ratio, py, exceeds 0,01 (see 9.5.5.2 and 14.4.3.

2);

livision of reinforcement into layers and their location within the wall section sheuld
1.2.

2.2 One curtain of reinforcement

| the other cases not covered by 14.4.2.1, it should be permitted t6 employ only on
orcement located in the centre of the thickness of the wall.

3 Vertical reinforcement

3.1 Description

cal reinforcement should consist in one or two layers of bars or welded-wire reinforce
lel with the faces of the walls. The amount of *wertical reinforcement should be that
t the simultaneous action of a combination-af factored axial load and factored mor
pn acting about the two main axis of the section of the structural concrete wall.

3.2 Minimum and maximum vertical reinforcement area

maximum and minimum vertical reinforcement area should comply with the guides of]

monolithically embedded-within the wall cross-section, the following guides should b

Where the vertical reinforcement is concentrated either by increasing the vertical b
r reducing the spacing between bars, the vertical reinforcement ratio, py, in that pd
yvall should not gxec€ed maximum vertical reinforcement ratio set forth by 9.5.5.2.
feinforcement4atio should be evaluated over an area bounded by the faces of the wall

measured alofig the length of wall from the last bars with a closer spacing or larger d
Figure 927a)f

Vherethe vertical reinforcement is reduced either by separating it further apart or by

comply with

e curtain of

ment placed
required to
nents at the

9.5.5. When
columns are
b met.

ar diameter
rtion of the
Che vertical
and 50 mm
jameter. See

' decreasing

he vertical bar diameter, the vertical reinforcement ratio, py, should not be less than t

Figure 92 b).
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