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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- in liai i i ely with the
ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

The procedures used to develop this document and those intended for its further maintehance gre described
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for|the diffgrent types of
ISO fdocuments should be noted. This document was drafted in accordance withCthie editorial rules of the
ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such¢patent rights. Details of any patent
rightg identified during the development of the document will be in the (Introduction and/or on the ISO list of
patent declarations received. www.iso.org/patents

Any frade name used in this document is information givenifor the convenience of users gnd does not
constfitute an endorsement.

The ¢ommittee responsible for this document is ISO/TC.71, Concrete, reinforced concrete and|pre-stressed
concfete, Subcommittee SC 5, Simplified design standard for concrete structures.

© 1SO 2013 — All rights reserved Vv
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Introduction

The aim of this International Standard is to provide rules for the design and construction of relatively short
span concrete bridges. This International Standard is developed for countries that do not have existing
national standards on this subject and to offer to local regulatory authorities an alternative for the design of
relatively small bridges that abound in urban overpasses and over creeks and rivers everywhere. This

Internationa

| Standard shall not he used in place of a national standard unless specifically cansidered and

accepted b
based in {
therefore, |
acceptable

The miniméim dimensional guidelines contained in this International Standard are intended to acco

undesirable
construction
minimum a

y the national standards body or other appropriate regulatory organization. The design ul
implified worldwide-accepted strength models. This International Standard is seHl:con
bads, simplified analysis procedures and design specifications are included, as well|as mi
construction practice guidelines.

side effects that will require more sophisticated analysis and design procedures. Mater
guidelines are aimed at site-mixed concrete as well as ready-mixed_concrete, and steel
ailable strength grades.

es are

ained;

nimum

Lnt for
al and
of the

The earthqliake resistance guidelines are included to account for the numergus regions of the world which lie

in earthqua
employmen
provide for
no significa

This International Standard contains guidelines that can betmodified by the national standards body

local design
using ["box

and may suibstitute alternative definitive values for, thése elements for use in the national application

document.

A great effg
Internations
conservatis
should be 4

ke prone areas. The earthquake resistance for zones with high/seismic hazard is based up
t of structural concrete walls (shear walls) that limit the lateral deformations of the structu
ts lateral strength, in place of piers or frames that can be’used in zones with intermediate,
nt earthquake hazard.

and construction requirements and practices:»These guidelines that can be modified are in
ed values"]. The authorities in each member country are expected to review the "boxed

rt was made to include self-explanatory tables, graphics, and design aids to simplify the use
| Standard and provide foolpraof procedures. Notwithstanding, the economic implications
m inherent in approximate. procedures as a substitute for sound and experienced engir
matter of concern to the designer that employs the document, and to the owner that hires hi

on the
re and
low or

due to
cluded
alues”
of the

of this
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eering
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INTERNATIONAL STANDARD

ISO 28842:2013(E)

Guidelines for the simplified design of reinforced concrete
bridges

1

cope

This International Standard can be used as an alternative to the development of a Natignal’ Concrete Bridge
Design and Construction Code, or equivalent document in countries where no national design codes are
ble by themselves, or as an alternative to the National Concrete Bridge Desighyand Consfruction Code

avalil
in co
regul
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The
concl
Intern

Altho
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and 4
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The |
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struc
const
Desig
- the
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Lintries where specifically considered and accepted by the national standards_body or oth
ed in new bridges of restricted span length, height of piers, and type.

purpose of these guidelines is to provide sufficient information tolperform the design of
ete bridge that complies with the limitations established in 6.4.<The rules of design as se

ational Standard are simplifications of more elaborate requirements.

Lugh the guidelines contained in this International Standard were drawn to produce, w
byed, a structural concrete structure with an approptiate margin of safety, these guidelin

guidelines to attain the intended margin of safety, this International Standard must be use
Iternative procedures should be employed only‘when explicitly permitted by the guidelines. 1
nsioning guides as prescribed in this International Standard replace, in most cases, mq
dures such as those prescribed in the National Code, and the possible economic impact is
the simplicity of the procedures prescribed here.

professional performing the structural design under these guidelines should meet the legal
ructural designers in the country: of adoption and have training and a minimum appropriate

Lse of contindity*and redundancy to provide one or more alternate paths;
ctural members and bearing seat widths that are resistant to damage or instability;

rnal‘protection systems to minimize the effects of reasonably conceived severe loads.

appropriate

htory organization, and applies to the planning, design and construction of, stfuctural concrgte bridges to

he structural
t forth in this

hen properly
es are not a

cement for sound and experienced engineering. Inf\order for the resulting structure designgd employing

d as a whole
'he minimum
re elaborate
ompensated

requirements
nowledge of

ural mechanics, statics, strength of materials, structural analysis, and reinforced concret¢ design and
ruction.
ns and details for-new bridges should address structural integrity by considering the followin

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 679, Cement — Test methods — Determination of strength

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

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

© IS0

2013 — All rights reserved


https://standardsiso.com/api/?name=97397f3855bb06f3afb3890cf290b403

ISO 28842:2013(E)

ISO 4354, Wind actions on structures
ISO 6274, Concrete — Sieve analysis of aggregates
ISO 6782, Aggregates for concrete — Determination of bulk density

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

ISO 6934-1, Steel for the prestressing of concrete — Part 1: General requirements

ISO 6934'3 Stb'c'l' fUI tI’I(:' [Jlb'btlb'bbl'lly Uf (.,Ullblbtb' - IDGH_I.l 3 Quc'llbl'lb'U' dIIU' tb'lll[.lb'lb'u’ VVI.Ib'
ISO 6934-4}, Steel for the prestressing of concrete — Part 4: Strand

ISO 6934-5] Steel for the prestressing of concrete — Part 5: Hot-rolled steel bars with or without subsgquent
processing

ISO 6935-1| Steel for the reinforcement of concrete — Part 1: Plain bars
ISO 6935-2| Steel for the reinforcement of concrete — Part 2: Ribbed bars
ISO 6935-3| Steel for the reinforcement of concrete — Part 3: Welded fabftic

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

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

ISO 9597, Cement — Test methods — Determination ‘of setting time and soundness
ISO 10144,|Certification scheme for steel bars-and'wires for the reinforcement of concrete structures

ISO 3766:2D03, Construction drawings — Simplified representation of concrete reinforcement

3 Terms and definitions
For the purposes of this doecument, the following terms and definitions apply.
31

abutment
end supporf of a bridge superstructure

NOTE Abutments are used to transmit the reaction of superstructure to the foundations, to retain the earth filllng and
to connect the superstructure to the approach roads.

3.2
acceleration of gravity, g
acceleration produced by gravity at the surface of the earth

NOTE For the application of these guidelines its value can be approximated to g = [10] m/s?.
3.3
admixture

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

2 © 1SO 2013 — All rights reserved
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3.4

aggregate

granular material, such as sand, gravel, crushed stone, and iron blast-furnace slag, used in conjunction with a
cementing medium to form a hydraulic cement concrete or mortar

3.5
anchorage
device used to anchor a non-structural element to the structural framing

3.6
backfill

matn 1ol oA far pAfillinas Anyy hala that 1 h naveoavatad
CrarosCOToOrTCrmmmgarty T1orc— 13 1> T

3.7
bar diameter, nominal
approximate diameter of a steel reinforcing bar, often used as a class designation

NOTH For deformed bars, it is common practice to use the diameter of a plain bar having the same arep.

3.8
beam
horizpntal, or nearly horizontal, structural member supported at one (such as a cantilever) or mofe points, but
not throughout its length, transversely supporting a load, and subjected primarily to flexure

3.9
bearing capacity of the soil
maximum permissible stress on the foundation soil that provides adequate safety against bearing|failure of the
soil, ¢or settlement of the foundation of such magnitude as.to impair the structure

NOTH Its value is defined at the working stress level:

3.10
bearing — elastomeric
devige constructed partially or wholly, from elastomer to transmit loads and accommodate] movements
between a bridge and its supporting,structure

3.1
bending moment
product of a force and the-distance to a particular axis, producing bending effects in a structural element

3.12
boundary elements
portians along wall'edges strengthened by longitudinal and transverse reinforcement

NOTH Boundary elements do not necessarily require an increase in thickness of the wall.

3.13
bridge
structure carrying a road, path or railway over an obstacle

3.14

caisson

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

3.15

cantilever
element that extends beyond its support and is supported on one end only

© 1SO 2013 — All rights reserved 3
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3.16
cement

material as specified in the corresponding referenced ISO standards, which, when mixed with water, has
hardening properties

NOTE

3.17
clearance
distance by

3.18

Used either in concrete or by itself.

which one thing clears another; the space between them

column
vertical mer

3.19
collector e
elements th
system

3.20
combined
footing that

3.21
compressi
reinforcemdq
section

3.22
concrete
mixture of p
or without 4

3.23
concrete
choice and

3.24
concrete s

compressiv
ISO standa

NOTE \

nber used primarily to support axial compressive loads

ements
at serve to transmit the inertia forces within the diaphragm to members of the lateral-force re

footing
transmits to the supporting soil the load carried by several columns or structural concrete w3

bn reinforcement
nt provided to resist compression stresses induced.by flexural moments acting on the m

ortland cement and any other hydrauliccement, fine aggregate, coarse aggregate, and watg
dmixtures

ix design
proportioning of the ingredients of concrete

becified compressjve strength, fcl.

b cylinder strength of concrete used in design and evaluated in accordance with the appr
'd, expressed-in megapascals (MPa)

Vhenever the quantity fc' is under a radical sign ( fcl ), the positive square root of numerical valug|

intended, an1i the result has units of megapascals (MPa).

sisting

S

ember

r, with

bpriate

only is

3.25

confinement hook
hook on a stirrup, hoop, or crosstie having a bend not less than 135° with a six-diameter (but not less than
75 mm) extension that engages the longitudinal reinforcement and projects into the interior of the stirrup or

hoop

3.26

confinement stirrup or tie
closed stirrup, tie or continuously wound spiral

NOTE
both ends. A

continuously wound spiral should have a confinement hook at both ends.

A closed stirrup or tie can be made up of several reinforcement elements each having confinement hooks at

© 1SO 2013 — All rights reserved
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3.27

corrosion

gradual removal or weakening of metal from its surface that requires the presence of humidity and oxygen,
and is helped by the presence of other materials

3.28
cover, concrete

thickness of concrete between surface of any reinforcing bar and the nearest face of the concrete member

3.29

crosstie

conti

bhaor haoyvin

six-diameter

exter

NOTH
the s4

3.30

ALt ie rabnf AN~ P
TOoTSTCTToTrcmg—oar riavityg

sion at the other end

The hooks should engage peripheral longitudinal bars. The 90° hooks of two successive cros
me longitudinal bars should be alternated end for end.

crown

highd

3.31

curb
edge
other

3.32

curin
keep
order

NOTH
crack
sunlig

3.33
defo
steel

NOTH

st point of a convex structure, such as an arch or a vault

where a raised pavement/sidewalk/footpath, road median, op read shoulder meets an unra
roadway

9
ng the concrete damp for a period of time, usually several days, starting from the momen

for the cement to be provided with enough water to harden and attain the intended strength

Appropriate curing will greatly reduce shrinkage, increase strength of concrete, and should r
ng. Curing time will depend on temperature and relative humidity of surrounding air, the amount of W
ht exposure, the type of concrete mix employed, and other factors.

'med reinforcement
reinforcement that has deformations in its surface to increase its bond to the concrete.

The following 'steel reinforcement should be considered deformed reinforcement under the

deformed reinforcing bars; deformed wire, welded plain wire fabric, and welded deformed wire fabric con

apprg

3.34
dept
vertid

priate ISO standards.

n of mémber, /
al size of a cross section of a horizontal structural element

sties engaging

sed street or

it is cast, in

educe surface
ind, the direct

se guidelines:
forming to the

3.35

design load combinations
combinations of factored loads and forces as specified in these guidelines

3.36
design strength
product of the nominal strength multiplied by a strength reduction factor

3.37

development length

length of embedded reinforcement required to develop the design strength of reinforcement at a critical
section

© 1SO 2013 — All rights reserved
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3.38

development length for a bar with a standard hook

shortest distance between the critical section (where the strength of the bar is to be developed) and a tangent
to the outer edge of the 90° or 180° hook

3.39
differential settlement
when the foundation of different parts of a structure settle different amounts

3.40
drainage

natural ora icial rara v Al Af ot iefans AnA alh o rfa s vaatar framn A A AN e
o T ovar O SuraCCant—Suo—soulatCywatCr oo grver—arca

NOTE Drainage is a system that carries water or sewage away from a place.

3.41

durability
characteristic of a structure to resist gradual degradation of its serviceability in a given‘environment for the
design servjce life

3.42
effective depth of section, 4
distance measured from extreme compression fiber to centroid of tension reinforcement

3.43
embedment length
length of embedded reinforcement provided beyond a critical section

3.44
factored lopds and forces
specified ngminal loads and forces multiplied by the load factors prescribed in these guidelines

3.45
fire protecfion of reinforcement
amount of [concrete cover necessary for_protection of the reinforcement against the effects of the high
temperatures produced by fire

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

3.46
flange
top or bottom part of an Ker-T shaped section separated by the web

3.47
flexural
pertaining tp the'flexure bending moment

3.48

flexural reinforcement

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

3.49
footing
that portion of the foundation which transmits loads directly to the soil

NOTE May be the widening part of a column, a structural concrete wall or several columns, in a combined footing.

6 © 1SO 2013 — All rights reserved
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formwork
temporary construction to contain concrete in a plastic state while it is cast and setting, and that forms the final
shape of the element as the concrete hardens

3.51

foundation
any part of the structure that serves to transmit loads to the underlying soil, or to contain it

3.52

foundation beam

bearr that roacte ~An tha farinAAtiAN ond]l AnA anan babhavoon foantinaa tianA AlthAr 0 i~ et 1y
ot T ot O thiCTouUCatioT— SO anU—Spart o ot tyw CC o0t g S o SCTU—C ST —tO—SupP POt W

differ|

3.53

foun
conti
loads

3.54
girdg
main

3.55

gravity loads

loads
that g

3.56
hydr
presq
ata s

NOTH
3.57

hydr
press
earth
3.58

hook
bend
NOTH

3.59

ential settlement of the foundation

Hation mat
huous slab laid over the ground as part of the foundation and that transmits‘to the unden
from the structure

r
horizontal support beam, usually supporting other beams

that act downward and are caused by the acceleration“of gravity, g, acting on the mass of
ause the dead and live loads

pbstatic pressure
ure at a specific elevation exerted by a body of water at rest or, in the case of groundwater,
pecific elevation due to the weight of water at higher levels in the same zone of saturation

Hydrostatic pressure increases lingarly with depth.

bdynamic pressure
ure at a specific elevation“exerted by a body of water at rest or, in the case of groundwat
quake and that resultsfrom the dynamic response of the water itself

at the end-of a reinforcing bar

They are defined by the angle that the bend forms with the bar as either 90°, 180° or 135° hookg.

lls or to limit

ying soil the

the elements

the pressure

er, during an

Interface Friction Angle
angle of friction at the interface (or the skin friction) between cohesionless soil and another material

3.60

Internal Friction Angle
angle measured between the normal force and resultant force that is attained when failure just occurs in
response to a shearing stress

NOTE 1 It is a measure of the ability of a unit of rock or soil to withstand a shear stress.

NOTE 2  Its value is determined experimentally.

© IS0
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3.61
joist

T-shaped beam used in parallel series directly supporting deck loads, and supported in turn by larger girders,
beams, or bearing structural concrete walls

3.62
lap splice

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

3.63
lateral-forc

e resisting system

o-ctriict ta raciot farnng palatad 4 Aot

alen Affanta

portion of th

3.64

lightweight
concrete m
weight cond

NOTE )

3.65
limit state

HEo-caompboce O heout
T ot OCtouTrC oo PO ST O TCOTST TOTCT S ToTonT U to— Tt iquac—CTTC Ty

aggregate concrete
ade with coarse granular material that weighs less than the granular material_used in
rete

his type of concrete is not covered by these guidelines.

condition b@yond which a structure or member becomes unfit for service.and is judged either to be no

useful for itg

3.66

live loads
static and d
pedestrians

3.67

load effects

forces and

3.68
load factori

intended function (serviceability limit state) or to be unsafe (strength limit state)

ynamic effects, in terms of forces applied on the structure, produced by the use of the bri
and/or vehicles and and not including constructien or environmental loads

jeformations produced in structural mémbers by the applied loads

factor that @accounts for deviations of-the actual load from the nominal load, for uncertainties in the a

that transfo
simultaneoy

3.69
loads
forces or ot

rms the load into a load effect, and for the probability that more than one extreme load wil
sly

her actions, that result from the weight of all bridge materials, pedestrians, vehicles, environ

effects, diff¢grential movement, and restrained dimensional changes

3.70

hormal

longer

ige by

halysis

occur

mental

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

effects

3.7
mass

quantity of matter in a body

3.72
mesh wire

welded-wire fabric reinforcement
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3.73

modulus of elasticity

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

3.7

negative moment

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

3.75
negative reinforcement
in hofizontal or nearly horizontal elements, the flexural reinforcement required for negative moment and that is
placgd in the upper part of the section of the element

3.76
nominal loads
magnitudes of the loads specified in these guidelines (dead, live, soil, wind, snow, rain, flood, and|earthquake)

3.77
nominal strength
capagity of a structure or member to resist the effects of loads, as determined by computations uging specified
matefial strengths and dimensions and the formulas set forth by thesé guidelines

NOTH Specified material strengths are derived from accepted principles of structural mechanics or by field tests or
laborgtory tests of scaled models, allowing for modelling effects ahd differences between laboratory and field conditions.

3.78
pedestal
upright compression member with a ratio of unsupported height to average least lateral dimepsion of less
than B

3.79
permanent loads
loadg in which variations over timetare rare or of small magnitude

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

3.80
pile
slender timber, congrete or structural steel element embedded in the ground to support loads

3.81
plain reinforecement
smodth-surfaced steel reinforcement, or reinforcement that does not conform to the definition|of deformed
reinfarcement

3.82

positive moment

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

3.83

positive reinforcement

in horizontal or nearly horizontal elements, the flexural reinforcement required for positive moment and that is
placed in the lower part of the section of the element
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3.84
railing
structure made of rails and upright members that is used as a guard or barrier or for support

3.85

reaction

resistance to a force or load, or upward resistance of a support such as a structural concrete wall or column
against the downward pressure of a loaded member such as a beam

3.86

reinforcement
ancrat h a tancil otraconc Ara A + due

Steel bars aira Ay ol aagien pianA far At farAln~y faA A awhar o X acta
y WS Or—TmC ST wWirC, o oCOTO T e oTrCmg—tnC—CORCrCtC—wiCTrotC St —Strec SSCoarc—CApTTtC

either to thg applied loads, or to environmental effects such as variation of temperature

3.87
required factored strength
strength of A member or cross section required to resist factored loads or related internaltnoments and|forces
in such combinations as are stipulated by these guidelines

3.88
retaining wall
wall built tojhold back earth

3.89
selfweight
weight of the structural element, caused by the material that composes the element

3.90
service load
load specified by these guidelines (without load factors)

3.91
settlement
downward movement of the supporting soil

3.92
shear
internal forge acting tangential to the plane where it acts

NOTE Also called diagonal/tension.

3.93
shear reinforcement
reinforcemgnt desighed to resist shear

3.94
shores
vertical or inclined support members designed to carry the weight of the formwork, concrete, and construction
loads above

3.95

shrinkage and temperature reinforcement

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

3.96

skew

difference or deviation from an expected or optimal value; in the case of bridges, deviation of the longitudinal
axis of the deck with respect to a line perpendicular to the length of the abutments
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3.97
slab
upper flat part of a reinforced concrete deck carried by supporting joists or beams or girders

3.98

solid slab

slab of uniform thickness that does not have voids to make it lighter or that has voids with size less than [0,6]
times the slab thickness

3.99

span length
horizentat-distance-between-supperts-ofahorizontalstructural-element
NOTH Such as a slab, joist, beam, or girder.

3.10(

specjfications
writtgn document describing in detail the scope of work, materials to be used;)method of insjallation, and
quality of workmanship

3.101
specified lateral earthquake forces
lateral forces corresponding to the appropriate distribution of the design base shear force prescriped by these
guidglines, for earthquake-resistant design

3.102
specified wind forces
nominal pressure of wind to be used in design performediin accordance with these guidelines

3.103
spirdl reinforcement
contihuously wound reinforcement in the form_of a cylindrical helix

3.104
spread footing
isolated footing that transmits to the:supporting soil the load carried by a single column

3.104
stirrup
reinforcement used to resist shear and torsion stresses in a structural member

NOTH Typically/bars, wires, or welded wire fabric (plain or deformed) either single leg or bent|into L, U, or
rectanigular shapes@and located perpendicular to or at an angle to longitudinal reinforcement. (The term "stirfups" is usually
appligd to lateral reinforcement in girders, beams, and joists; the term "ties" to those in columns and \alls, perhaps
becayse they.are intended also as confinement for the longitudinal reinforcement.) See also tie.

3.106
strength reduction factor

coefficient that accounts for deviations of the actual strength from the nominal strength, according to the
manner and consequences of failure

NOTE Including the probability of understrength members due to variations in material strengths and dimensions,
approximations in the design equations, to reflect the degree of ductility and required reliability on the member under the
load effects being considered, and to reflect the importance of the element in the structure.

3.107

stress
intensity of force per unit area
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3.108
structural concrete
all concrete used for structural purposes including plain, reinforced and prestressed concrete

3.109
structural concrete walls
walls proportioned to resist combinations of shear, moments, and axial forces

NOTE A "shearwall" is a "structural wall".

3.110
structural g¢iaphragms

structural members, such as deck slabs, which transmit inertia induced by earthquake motions

3.1
support
structural element that provides support to another structural element

3.112
tie
loop of reinforcing bar or wire enclosing longitudinal reinforcement

NOTE A continuously wound bar or wire in the form of a circle, rectangle, orother polygon shape without re{entrant
corners is acgeptable.

3.113
tie elements
elements which serve to transmit inertia forces and prevent spacing of bridge components such as fgotings
and walls

3.114
transverse|reinforcement
reinforcemgnt located perpendicular to the longitudinal axis of the element, comprising stirrups, ties| spiral
reinforcemgnt, among others

3.115
wall
member, ugually vertical and whose length and height are much larger than its thickness

3.116
water table
groundwatger level

point under|surface of.the-ground where the ground is completely saturated with water

3.117
web
thin verticallportion of an | or T shaped section that connects the flanges

3.118
weight
vertical downward force exerted by a mass when subjected to the acceleration of gravity

NOTE The weight is equal to the value of the mass multiplied by the acceleration of gravity, g.
3.119

wire
reinforcing bar of small diameter
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working stress
allowable stress to be used with unfactored loads

3.121

yield strength, f,
specified minimum yield strength or yield point of reinforcement

NOTE 1  The yield strength is expressed in units of megapascals (MPa).

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

4 Symbols and abbreviated terms

The fpllowing symbols and abbreviated terms are used in these guidelines.

Sympol Explanation Unit

a depth of equivalent uniform compressive stress block i

Ap area of an individual reinforcement bar or wire

Ac loaded area of bearing on concrete or the area of the confined\column core, in a column | m
with spiral reinforcement, measured center to center of the spiral

Ay gross area of section of element m

A effective cross-sectional area within a joint for shear évaluation or area of additional hanger | mm
reinforcement, where beams are supported by girders or other beams

As area of longitudinal tension reinforcement m

A‘s area of longitudinal compression reinforcement |

As,min minimum area of longitudinal tensiop-reinforcement |

Ase total extreme steel area in a column or structural concrete wall for computation of the | m
balanced moment strength

Ass total side steel area in a€olumn or structural concrete wall for computation of the balanced | nm
moment strength

Ast total area of longitudinal reinforcement m

Asu wind exposed_surface area 2

Ay area of shear reinforcement within a distance s m

a coefficient of thermal expansion for concrete

OA inclination of the critical failure surface for minimum active earth pressure conditions

aP inclination of the critical failure surface for maximum passive earth pressure conditions

0A inclination of the critical failure surface for minimum total active earth pressure conditions

apP inclination of the critical failure surface for maximum total passive earth pressure conditions

ah amplitude of the harmonic base acceleration

b width of compression face of member, or width of the section of the member mm

be width of the column section, or largest plan dimension of capital or drop panel, for punching | mm
shear evaluation

beol dimension of column section in the direction perpendicular to the girder span m

br effective width of the compression flange in a T shaped section mm

bw web width in a T-shaped section, or web width of girders, beams or joists, or thickness of | mm

the web in a structural concrete wall

© 1SO 2013 — All rights reserved
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Symbol Explanation Unit

bo perimeter of critical section for punching shear in slabs mm

d effective depth, should be taken as the distance from extreme compression fiber to centroid | mm
of tension reinforcement

d' distance from extreme compression fiber to centroid of compression reinforcement mm

dp nominal diameter of reinforcing bar or wire mm

dc distance from extreme tension fiber to centroid of tension reinforcement or diameter of the | mm
confined core of column with spiral reinforcement

dp diameter of pile at footing base mm

D dead loads, or related internal moments and forces

oT lpngitude change due to thermal expansion

AT temperature variation

0 interface friction angle

A PAE dynamic component of the total active thrust on retaining walls

A PPE dynamic component of the total passive thrust on retaining walls

A Peq dynamic thrust on non yielding walls

A Meq dynamic overturning moment on non yielding walls

E Ipad effects of earthquake, or related internal moments and forces

Ec rmodulus of elasticity of concrete MPa

(0] internal friction angle

f(‘: gpecified compressive strength of concrete MPa

' postivie square root of specified compressive strength of concrete. The result should have | MPa

ynits of
fed dompressive strength of concrete reduced by the material factor MPa
fou gxtreme fiber factored compressive stress at edges of structural walls MPa
fy gpecified yield strength of reinforeement MPa
fya yield strength of reinforcement reduced by the material factor MPa
fypr probable specified maximum strength of reinforcement MPa
(fypr = 1,35 - fy).
fys gpecified yield.strength of transverse or spiral reinforcement MPa
fysd yield strength’ of transverse or spiral reinforcement reinforcement reduced by the material | MPa
factor
F lpads due to weight and pressures of fluids with well-defined densities and controllable
rhaximum-heights, or related internal moments-and forces
Fi, Fx design wind or seismic force applied at level i or x, respectively kN
Fiu, Fxu factored design lateral force applied to the wall at level i or x, respectively N
Fp dynamic thrust factors for non yielding walls
Fm dynamic overturning moment factors for non yielding walls
h depth or thickness of structural element or overall thickness of member mm
hp vertical distance measured from the bottom of the supporting girder to the bottom of the | mm
supported beam
heol dimension of column section in the direction parallel to the girder span m
he height of the column section mm
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Symbol Explanation Unit

ht slab thickness mm

hi, hyx height above the base to level i or x, respectively m

hn clear vertical distance between lateral supports of columns and walls mm

hpi story height of deck |, measured from deck finish of the story to deck finish of the story | mm
immediately below

hs total height of the supporting girder mm

hw height 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 forces

Hp height of the support which forces are being evaluated

Ic moment of inertia of the column section n*

Ip about an axis on the bridge deck perpendicular to the bridge length, of the pier n*

KA active earth pressure coefficient

Kp passive earth pressure coefficient

KAE total active earth pressure coefficient

KpPE total passive earth pressure coefficient

kv vertical pseudostsatic force on yielding walls

kh horizontal pseudostsatic force on yielding walls

I span of structural element or length of span measured center-to-center of beams or other
supports

a length of clear span in the short directions of two-way slabs, measured face-to-face of | m
beams or other supports

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

lg development length for reinforcing bar nm

Im length of clear span in(the direction that moments, shears and reinforcement are being
determined, measured face-to-face of supports

I clear spacing between joists m

In length of clear'span in the long direction of two-way construction, measured face-to-face of m
supportsAn, slabs without beams, and face-to-face of beams or other supports in other
cases ordength 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

lw horizontal length of structural concrete wall nm

lo column confinement length

L live loads, or related internal moments and forces

L, sloping roof live load, or related internal moments and forces

max. maximum

min. minimum

Mpn nominal flexural moment strength at section at balanced conditions N - mm

Mopr flexural moment strength at section at balanced conditions N --mm

Miu, My, | factored story moment caused by lateral loads at story i or x, respectively N

Mn nominal flexural moment strength at section N - mm

M flexural moment strength at section N - mm

© 1SO 2013 — All rights reserved
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Symbol Explanation Unit

Mor probable flexural moment strength of the element at the joint face computed using fypr and = 1

My factored flexural moment at section

My factored negative flexural moment at section N-m

M factored positive flexural moment at section N-m

>Mc sum of lowest flexural strengths (¢ - M;) of columns framing into a joint

> Mg sum of flexural strengths (¢ - Mp) of girders framing into a joint

AM, factored unbalanced moment at a column-girder joint or factored unbalanced moment at a
wall-girder joint

Py ron factored dead load axial force at section or non factored concentrated dead load 4 ‘N
gpplied directly to the element

Pon nominal compression axial load strength at section at balanced conditions

Por rominal compression axial load strength at section at balanced conditions

Peu factored compression load on wall boundary element, including earthquake effects

R non factored live load axial force at section or non factored concentrated live load applied | N
directly to the element

Pn nominal axial load strength at section

Pn(max) raximum compression nominal axial load strength at section

Pin gxial tension strength at section

P factored tension force on wall boundary element, including earthquake effects

Py factored axial load at section or factored concentrated design load applied directly to the | N
glement or factored axial load on column or wall

Pon gxial compressive strength at section

2Py gum of all factored concentrated design.loads within the span

PA gctive thrust on a retaining wall

PP passive thrust on a retaining wall

PAE tptal Active thrust on a retainihg wall including seismic effects

PPE tptal Passive thrust en aretaining wall including seismic effects

Pw Hydrodynamic thrust'on retaining walls

dd non-factored.dead load per unit area N/m?

qi rjon-factered live load per unit area N/m?

qu factored load per unit area N/m?

Iy factored—uniformty distributedTeactionmfromthe—stab—om the—supporting—girder, beanmor | N/m

structural concrete wall

rw pore pressure ratio

Ra rain load, or related internal moments and forces

Ry total factored concentrated reaction from a supported structural element

>Ry sum of all factored reactions from supported structural elements at the same story

s center-to-center spacing of transverse reinforcement measured along the axis of the | mm

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
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Symbol Explanation Unit

Ss 5 % damped spectral response accelerations

T cumulative effect of temperature, creep, shrinkage, or differential settlement, or related
internal moments and forces

Ty factored torsional moment at section N - mm

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

AVe factored design shear force from the development of the probable flexural capacity of the
clement at the faces of the Jininfe

Viu, Vi factored story shear caused by lateral loads at story i or x, respectively N

Vi nominal shear strength at section N

Vs contribution of the horizontal reinforcement to the nominal shear strength at section N

Vu factored shear force at section N

VT shear force caused by thermal expansion N

\Y soil Poisson’s Ratio

Wy non-factored uniformly distributed dead load per unit element length-applied directly to the | Nym
element

w non-factored uniformly distributed live load per unit elementiength applied directly to the | Nym
element

Wy factored uniformly distributed design load per unit-élement length applied directly to the | Nfym
element

W wind loads, or related internal moments and.farces

W, total factored uniformly distributed design-oad per unit element length kIN/m

Oa fraction of the load that travels in the'short direction in two-way slabs-on-girders

Ob fraction of the load that travels if the long direction in two-way slabs-on-girders

Os constant used to compute neminal punching shear strength in slabs
ratio of clear spans in Jong/to short direction of two-way slabs

@ strength reduction(factor

P ratio of longitudinal tension reinforcement. K

H-d

p' ratio oflongitudinal compression reinforcement

Ph ratio ef horizontal reinforcement in structural concrete walls

Pmax maximum permissible ratio of longitudinal flexural tension reinforcement

Prmin minimum-permissible ratio of longitudinal-flexural-tensionreinforcement

Ps ratio of spiral reinforcement

Pt ratio of total longitudinal reinforcement area to gross concrete section area,. Ay

b -

pv ratio of vertical reinforcement in structural concrete walls.

fed compressive strength of concrete reduced by the material factor MPa

fyd yield strength of reinforcement reduced by the material factor MPa

Yme material factor for concrete

Yms material factor for steel

© 1SO 2013 — All rights reserved
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5 Design and construction procedure

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

511 StepA

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

51.2 Ste;L B

Calculation [of all gravity loads that act on the structure using the guides of chapter 8, excluding the self weight
of the struc{ural elements.

51.3 StepC

Definition of an appropriate superstructure system, depending on the span lengths“and the magnitude| of the
gravity loads, according to the guides of chapter 10.

514 StepD
Trial dimengions for the slab of the superstructure system. Calculation of the self weight of the systeq, and

design of the elements than comprise it, correcting the dimension as required by the ultimate and
serviceabilily limit states, complying with the guides of 10.4 for’slab systems with beams.

5.1.5 StepE
Trial dimengions for the beams and girders and calculation of their self weight. Flexural and shear degign of

the beams |and girders, correcting the dimension-as required by the ultimate and serviceability limit states,
complying With the guides include in 10.5.

51.6 StepF
Trial dimensions for the SubstrGcture system and calculation of its self weight. Elements slendgerness

verification [and design for combination of axial load and moment, and shear; correcting the dimension as
required by|the strength and serviceability limit states, complying with the guides of 11.5.

517 Step G

If lateral logds such.as earthquake, wind, or lateral earth pressure exist, their magnitude is established using
the guides in Chapter 8; otherwise the designer should proceed to Step I.

5.1.8 StepH

The loads at the foundation level are determined, and a definition of the foundation system is performed
employing the guides of chapter 12. The structural elements of the foundation are designed.

5.1.9 Stepl

Preliminary location and trial dimensions for structural concrete walls capable of resisting the lateral loads
established, using the guides of 13 for earthquake forces, the influence of their self weight is evaluated, and
flexure and shear design of the structural concrete walls is performed, complying with the guides of 11.6.
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5.1.10 Step J

Production of structural drawings.

5.1.11 Step K

Construction of the structure should be performed complying with the local construction and practice.

lt— © |t © | W lwt— O | O ] b | W |- N |

10

Key

1 BtepsAypreliminary structure design 7  Step G: lateral forces definition
2 B{ep’B: loads definition 8  Step H: foundations design

3 Step C: superstructure system definition 9  Step I: structural walls design
4 Step D: slab design 10 Step J: structural drawings

5 Step E: beams and girders design 11 Step K: structure construction
6  Step F: substructure design

Figure 1 — Design and construction procedure
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5.2 Design documentation

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

5.2.1 Calculation memoir

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

a) The general structural requirements of the project, as required by 7.1.

b) A descfiption of the structural system employed.

c) Loads employed.

d) Grade,|strength and fabrication standards for all structural materials.
e) Presenftation of all design computations.

f)  Sketchgs of the reinforcement layout for all structural elements.

5.2.2 Gedtechnical report
The geotechnical report should record, as a minimum, the soil investigation performed, the definition|of the

allowable hearing capacity of the bearing soil, the lateral soil pressures required for design of apy soail
retaining stiucture, and all other information required in 12.

5.2.3 Stryctural drawings

All the drawlings required for construction of the bridgel

5.2.4 Spefifications

The constryction specifications required.

6 General Guides

6.1 Limitations

These guidlines should be employed only when the bridge being designed complies with all the limifations
set forth in 6.1.1 to6:1"12.

6.1.1 Permitted use

Bridges of mixed use should be permitted to be designed using these guidelines, but restricted to pedestrian
and vehicular traffic. Bridges for trains are out of the scope of these guidelines.

6.1.2 Maximum number of spans

The maximum number of spans for a bridge designed using these guidelines should be as per Table 1.
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Table 1 — Maximum allowed number of spans

Number of spans

Bridge over water [1]

Bridge for road overpass [3]

Maximum span length

The maximum span length allowed is [30] m for each span.

6.1.4

Span
more

6.1.5

The maximum clear cantilever length for girders and beams should not exceed 3 m or 33 % of

the fi
thess
such

Cont
of thq

6.1.6

The H
acco
heigh
impa

Maximum difference in span length

should be approximately equal, with the larger of two adjacent spans not greater than tk
than the percentage specified in Table 2.

Table 2 — Maximum difference in two consecutive span lengths

Total number of spans Length difference. %
(1 -
[2] 20
(3] 10

Maximum cantilever length

rst adjacent interior span, whichever is smaller, in order to avoid cantilevers too long for thg
guidelines, as greater lengths might require detailed structural analysis to verify serviceabil
as deformation, vibration and fatigue;‘among other criteria.

nuous deck slab cantilevers over intermediate beam supports, may have lengths up to 80 %
adjacent span.

Maximum height of bridge

eight of the bridge-supports, including abutments and piers, shall not exceed the values give
ding to seismic\hazard level or wind intensity. At any rate, the difference between the vari
ts for the same bridge shall not exceed 20 %, as more detailed analysis would be required {
ot of such(differences on stiffness and force distribution.

Table 3 — Maximum allowable support height

e shorter by

the length of
purposes of
ty conditions

of the length

bn in Table 3,

pus supports
0 assess the

6.1.7

Seismic hazard level or wind intensity Low Intermediate High

Maximum height, m [15] [12] [10]

Maximum number of lanes

The maximum number of lanes for a vehicular bridge designed using these guidelines should be [2]. Up to [2]
sidewalks may be considered in addition to the vehicle traffic lanes.

6.1.8

Pede

© IS0

Width limitations

strian bridges should not have widths of less than [1.2] m.
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Vehicular bridges should not have roadways with widths, excluding sidewalks, of less than [3] m or in excess
of [8] m. Sidewalk should comply with a minimum width of [1] m, and neither should exceed half of the
maximum lane width.

6.1.9 Clearances

The horizontal clearance shall be the clear width, and vertical clearance the clear height for the passage of
vehicular traffic as shown in Figure 2.

The roadway width shall generally equal the width of the approach roadway section including shoulders.
Where curbed roadway sections approach a structure, the same section shall be carried across the structure.

=

Key
1 roadway width
curb
brush o sidewalk if warranted (max. 2,75,m)
face of purb or barrier

horizontal clearance

vertical|clearance

N o o b WN

crown

Figure 2 — Clearance diagram for bridges

6.1.9.1 General Clearances

6.1.9.1.1 Vertical Clearance

Vertical clearance shall not be less than [5.50] m over the entire roadway width with an allowance of [0.3] m
for resurfacing.

6.1.9.1.2 Horizontal clearance

Horizontal clearance shall be at least the dimension of the roadway width, including curbs where necessary.
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6.1.9.2 Clearances for Underpasses

6.1.9.2.1  Width

The pier columns or walls for grade spacing structures shall generally be located a minimum of [9] m from the
edges of the through traffic lanes. Where the practical limits of structure costs, type of structure, volume and
design speed of through traffic, span arrangement, skew, and terrain make [9] m offset impractical, the pier
may be placed closer than [9] m and protected by the use of guardrail or other barrier devices. The guardrail
or other device shall be independently supported with the roadway face at least [0.70] m from the face of pier
or abutment.

The flace of the guardrail or other device shall be at least [U.70] m outside the normal Shoulder ling.

6.1.9/12.2 Vertical Clearance

A vertical clearance of not less than [5.50] m shall be provided between curbs, or ificdrbs are npt used, over
the eptire width that is available for traffic.

6.1.9|13 Clearances for Depressed Roadways
6.1.9|3.1 Clearance between walls
The minimum width between walls for depressed roadways carrying two lanes of traffic shall be [9.00] m.

6.1.9/13.2 Curbs

Curbs, if used, shall match those of the approach roadway section.

6.1.10 Maximum skew angle

Briddes designed using these guidelines:-should have a low skew angle, not exceeding [15 °] fpr girder and
slab bridges, and [30 °] for box girder bridges.

6.1.11 Maximum bridge horizontal curvature

Bridges designed using these."guidelines should have a maximum length to horizontal curvature radius of

6.1.1R2 Cross section/variation

Briddges designed' using these guidelines should have a constant cross section along the contindious portions
of the bridgesexcept in cantilever sections.

6.1.1B “Interaction between superstructure and substructure

No framing effect is permitted along the longitudinal axis of the bridge. No direct transmition of moments shall
be allowed from the bridge deck to the columns, piers, abutments, or to any other element that carries the
loads to the ground, due to gravity and to other loads longitudinal effects. The support at one of the abutments
should be able to move freely in the deck longitudinal direction.

6.2 Limit states

The design approach of the present guidelines is based on limit states, where a limit state is a condition
beyond which a structure or member becomes unfit for service and is judged either to be no longer useful for
its intended function or to be unsafe.
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The following limit states are considered implicitly in the design procedure:

structural in
lateral load

Longitudina

tegrity limit state,
drift limit state,

| drift limit state,

durability limit state,

fire limit state, and

fatigue limit

Ultimate arj
guidelines.

6.2.1

6.21.1 \

The deflect

6.21.2 H

A simplified

P

2
g

Where:

fo:

Cco

state

d serviceability limit states are to be verified through the different stages of desigh usi

Deflection Serviceability Verification

[ehicular Bridges
on of the floor structure must be less than L/700
edestrian bridges

design criterion for the resonance response is given-y

exp(-0.35 f,,)
s

a
<%
g

estimated peak acceleration (in units of g)

acceleration limit, which is equal to 5 % of gravity

fural frequengy of floor structure

hstant fofee equal to 0.29 kN for floors and 0.41 kN for footbridges

ng the

W: eﬁ‘rctive weight of the floor

B:

The natural

2w

T=—=2w

@

The natural

24

modal damping ratio The natural frequency of the floor structure must be greater than 3 Hz.

period is given by

\/%

frequency is the inverse of the natural period,

\/%
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g into accountthat k=F/A and m=F /g, then:

1 /Fg /9.81
=— |== ~0.16,/ 2=
In 27V FA A

A ma

y be calculated as per annex B

Table 4 — Maximum allowable support height

1 Span 2 and 3 continuous spans

6.3

6.3.1

The

wher
struc
to thd
these

The |
f

To al
than

greater than one, should be employed. Ulimate resistant force is obtained by reducing the s
pth for steel or reducing the specified compressive strength for concrete, or both, by means of dividing

stren
these

R stq

Therefore, the ultimateTimit state design format requires that:

|

or

A (0.40-0.50)A

Ultimate limit state design format

General

Iltimate limit state corresponds to the condition when one or more, parts of the structure
b they are incapable of carrying any additional loads. Therefore, for the ultimate limit sta
ure and the structural members should be designed to have design strength at all sections
required strengths calculated for the factored loads and forces in such combinations as are
guidelines.

asic requirement for ultimate limit state should be:

Resistances > Load effects

ow for the possibility that the resistances may:be less than computed, and the load effects n
computed, material factors are to be used to reduce material strength and load factors

values by the corresponding material factors:

o

nds for strength and"S’ stands for load effects based on the nominal loads prescribed by the

Jea Jyd

j 2 18] + 728y + 13954
;/”IL' 7/)77.\'

Design Strength > Required Factored Strength

ach a point
design the

;F
t least equal

stipulated in

Equation (1)

nay be larger
Y, generally
pecified yield

Equation (2)

5e guidelines.

Equation (3)

fog fuog)

A—j(

7/”76‘ 7”15‘

J_U

Where the required factored strengthis U =y - S+ 7y, - So +

6.3.2

Required factored loads

Equation (4)

The required factored load, U, should be computed by multiplying service loads, or forces, by load factors
using the load factors and combinations in 8.9.1.
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6.3.3 Design strength

The design strength provided by a member, its connections to other members, and its cross-sections, is then
identified by the subindex r, and should be taken as the strength calculated in accordance with the
requirements and assumptions for each particular force effect in each of the element types at the critical
sections defined by these guidelines, based on the limit stress reduced according to each corresponding
material as per Table 5:

Table 5 — Material factor

MATERIAL
Concrete, Yme [1.5]
Steel, yms [1.15]

6.4 Servjceability limit state design format
Serviceability limit states correspond to conditions beyond which specified performance requirements for the
structure, gr the structural elements, are no longer met. The compliance with“the serviceability limit state
under thes¢ guidelines, should be obtained indirectly thorough the observance of the limiting dimensions,
cover, detajling, and construction requirements. For bridges, these serviceability conditions include gffects
such as:

permanent [deformations, either of the structure or its foundations; that cause public concern or make the
structure urfit for use; dynamic movements that cause discomfort.er public concern;

dynamic mgvements that cause damage to non structural elements such as railings;
damage by|scour;
flooding or $cour of adjacent properties; and

damage due to corrosion or fatigue that is sufficient to cause significant reduction in the strength |of the
structure orjin its service life.

7 Structural systems and layout

7.1 Desgription of the.components of the structure

For the purposes of these guidelines, the bridge structure should be divided in the following components:

711 Suqerstructure system

The superstructure or deck system consists of the structural elements that comprise the portion of the bridge
that receive directly the live load. In section 10, the different superstructure systems covered by these
guidelines are described. The superstructure system includes the girders, beams, and joists (if employed),
and the slab that spans between them, or the slab, when it is directly supported on piers, columns, or walls.
The superstructure should also act as a diaphragm that carries through its plane the lateral loads from their
point of application to the vertical elements of the lateral load resisting system.

7.1.2 Substructure system

The substructure system holds up the superstructure and carries the accumulated gravity loads all the way
down to the foundation of the structure. The substructure acts also as the lateral load resisting system
supporting and transmitting to the ground the lateral loads arising from earthquake motions, wind, and lateral
earth pressure. The vertical elements of the lateral load resisting system collect the forces arising from the
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superstructure and carry them down to the foundation, and through the foundation to the underlying soil.
Under these guidelines the main vertical elements of the substructure system should be cantilever piers, or
frames or structural concrete walls, and are described in section 11.

713

Foundation

The foundation comprises all structural elements that serve to transmit loads from the structure to the
underlying supporting soil, or are in contact with the soil, or serve to contain it. It includes elements such as
spread footings, combined footings, foundation mats, retaining walls, grade beams, and deep foundations,
such as piles and caissons, and their pile footings and caps among others. Foundation systems are described
in section 12. Deep foundations are beyond the scope of these guidelines, and are not covered by it.

7.2

7.21

It is advisable that an architect, an urban planner and a landscaper are involved ‘'in the project

mang
own§g
proje
The ¢
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Presgnce of open space and manufactured complexes.

Envir

7.2.2
Base
struc
shou

Inten

General program

Architectural program

atory. In any case, a general architectural program of the bridge should, be coordinated
r and the structural designer before actual structural design begins, @ven if no architect
o

eneral architectural program should be based on the following-désign aspects:
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ment.

way characteristics and details.

bring conditions.

5 and scenery.

pnmental and visual impact.

General structurat’guides for the project
d in the general/architectural program information, the structural designer should defing
ural guides-for the structure being designed under these guidelines. These general stru
d include; at'least, the following items:

Hed<use for the bridge.

but it is not
between the
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nal loads related to the use of the bridge.

ial loads required by the owner or competent authorities.

Design earthquake motions, if the bridge is located in a seismic zone.
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requirements for the site.

Requirements for rain, hail, ice and snow consideration.

Site i
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Allowable soil bearing capacity, and recommended foundation system derived from the geotechnical
investigation, and additional restrictions related to expected soil settlements.

Environmental requirements derived from local seasonal and daily temperature variations, humidity, presence
of deleterious chemicals and salts.

Availability, type, and quality of materials such as reinforcing steel, cement and aggregates.
Availability of materials for formwork erection.

Availability of testing facilities for concrete mix design and quality control during construction.

Availability pf qualified workmanship.
7.3 Structural layout

7.3.1 Gerleral structural layout

The structural designer should define a general structural layout in plan. See Figufe, 3. The general strjuctural
layout in plan should include:

Dimensiongd grid for axes, or centerlines, in both principal directions in plan,

These axeg should intersect at the location of the vertical supporting elements (columns, piers, strjctural
concrete walls, and abutments).

Location in|plan for all vertical supporting elements. These Vvertical supporting elements should be aligned
vertically, apd should be continuous all the way down to thefoundation.

Horizontal distance between centerlines, S, which_cerresponds to the center-to-center span lengths, and
horizontal distance B, which corresponds to the center-to-center breadth, of the superstructure system.

Ot | | \

Bsc 1 2

o)

Key

1 deck width

2 pier, frame or wall
3  centerlines grid

4 abutment

Figure 3 — General structural layout in plan

7.3.2 Vertical layout

The structural designer should define a general structural vertical layout. See Figure 4. This vertical layout
should include all relevant information in height of the structure, including:
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o Abutments, piers, frames or columns height, defined as the vertical distance from superstructure finish
to the ground.

e Slope and shape of the terrain.

o Vertical clearance from roadway to superstructure lowermost surface, as specified by these guidelines
or required by local highway specifications, whichever is larger.

e Supporting soil stratum depth, and water table depth.

I

5
Key
1 vater table
2 oadway
3 Llearance
4 bverpass
5 Boil
6 bearing soil stratum

Figure 4 — Vertical layout of the bridge

7.4 | Feasibility underthe guidelines

Based on the layout information, the structural designer should verify the feasibility of performing the structural
design under these guidelines. The compliance with the following limitations should be verified:

The dise,of the bridge should be within the accepted uses of 6.1.1.

The number of spans should hot exceed the maximum permissibie, given in 6.1.2.
The span lengths should be within maximum lengths prescribed in 6.1.3.

The difference between adjacent spans should not exceed the limit of 6.1.4.
Cantilever lengths should be within maximum lengths prescribed in 6.1.5.

The height of the tallest support, measured from ground to superstructure finish, should not exceed the
maximum permissible height given in 6.1.6, nor the difference between supports heights should exceed the

limits given there.

The number of lanes should not exceed the maximum permissible, given in 6.1.7.
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Pedestrian bridge decks and vehicular roadways should comply with width limitations given in 6.1.8.
Bridge clearances must be specified according to 6.1.9.

Bridge skew angle for girders and deck should not exceed the limit given in 6.1.10.

Bridge length to horizontal curvature ratio should not exceed limit given in 6.1.11.

Cross section variation along bridge length must comply with 6.1.12.

8 Actiops (LCoads)

8.1 General

This claus€| provides minimum load guides for the design of bridges under these guidelifes. Loads and the
appropriate{load combinations should be used together.

Loads and forces explicitly considered in bridge design according to these guidelines,are:
Dead loads
Live loads (Static and dynamic effects)
Longitudinall forces

Earth pressure

Wind loads
Earthquake|inertial forces

Loads and forces implicitly considered are:
Thermal forces

Shrinkage fprces

Skew stress effects

Elastomerid bearings shearresistance

Settlement pf the greund

8.2 Dead loads

Bridge dead loads comprise the total weight of the structure, calculated as the sum of the weights of all
structural and non-structural elements, including substructure elements, superstructure elements, deck
surface, median permanent or removable structures, sidewalks, railings, and all other elements supported by
the bridge like public utility services and ducts.

8.2.1 Structural elements

Dead loads due to structural elements, referred to as self weight, may be calculated as the sum of their weight,
assuming the density of normal weight concrete as [2.5] Mg/m3. The use lower values for normal concrete
density must be accompanied by supporting documents demonstrating that the value used does not reflect an
average value, but rather a [95] percentile value for a normal distribution record of representative field data.
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Dead loads due to non structural elements may be calculated as the sum of their weights according to the
density of their constitutive materials or to those specified by the producer in their technical data. Density

values shown in Table 6 may be used for weight estimate.

Table 6 — Density values for materials used in bridge construction

8.3

Bridg
bridg

8.3.1

Live
distri

Material Density, Mg/m?3
Steel [7.9]
Timber [0.8]
Reinforced concrete [2.5]
Compacted filling soil [1.9]
Loose filling soil [1.6]
Stone masonry [2.7]
Concrete masonry [2.3]
Clay masonry [154]
Asphalt [1.8]

Live loads

e use.

Vehicular bridges

e live loads comprise the weights of all loads that might be applied to the superstructure acgording to the

oad for vehicular bridges should be taken as a distributed load, wy, and concentrated loads Q; and Qy,

S, m
Q,, kN Q,, kN w,, KN/m

puted as in Figure 5.

I |

\

—S, M-

1

Key

1 Vertical Load pattern
2 Plan Load distribution
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Figure 5 — Vehicular live loads for a two-lane bridge
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Vehicular live loads should be applied on a standard lane [3] m wide, regardless of the actual width of the
bridge deck. Bridges with roadways widths exceeding [5.5] m should be considered two lane bridges and have
dissimilar loads applied on each lane. Values for vehicular live loads are prescribed in Table 7. Data on
overloads may be applied.

For a single span bridge, critical load occurs when Q1 is applied at the center of the span. For two and three
span bridges, critical load may occur when Q1 and Q2 are not applied simultaneously on all spans. Positions
of Q1 and Q2 shall be varied as to obtain critical condition.

Table 7 — Vehicular live loads values

NUmber of lanes | Lane | Wy (kN/m) | Q7 (kN) | Qz (kN) | S (m) | Xca(m) | Yca (m) | L, (m)
1 1 [30] [150] [0] [0] [0.4] [0.4] 21
, 1 [27] [150] | [150] [1.2] [0.4] [0.4] 2]
2 8] [100] | [100] [1.2] [0.4] [0.4] 2]

When light|vehicular traffic is anticipated, the values given in Table 7 may bé&-reduced as per Tgble 8.
However, the application of these factors shall be accompanied with readily visible warning signs stating the
restrictions |for light trucks or for automobile only use. Appropriate physical-barriers may be requifed as
needed.

Table 8 — Vehicular live loads reduction factors

Restrictions Light trucks Only automobiles
Barriers to restrict heavier loads [0.8] [0.5]
No traffic physical restrictions [0.8] [0.8]

8.3.2 Pedestrian bridges

Pedestrian |live loads of 5 kN/m? should:be applied on the deck walkable area, as to cause the most
unfavorablg effects. Additionally, a truckyload should be considered to account for maintenance equipment,
unless the pridge width is less than(2)m or vehicle entrance is prevented by permanent barriers. The truck
load, shown in Figure 6 and Table 9yshould not be applied simultaneously with the distributed pedestrian load.

O O

Q,, kKN Q,, kN

Figure 6 — Pedestrian bridge truck

Table 9 — Truck loads

Walkable width, m Q1 Q.
2t03 [10] [40]
More than 3 [20] [80]
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8.3.3 Dynamic effect of live loads

To account for the dynamic effects, such as impacts due to deck surface irregularities, vehicular live loads
should be increased by the dimensionless factor given in Figure 7 according to the loaded area as to produce

the most unfavorable effect on each element.
For shear design always increase the live load by 1.3.
For slab and superstructure joints design increase the live load by 1.2.

For local analysys (joists, slabs, etc.) increase the live load by 1.2.

nd within the

Pedestrian live loads need not be increased.

1,35

1,30

1,25

1
N
- N
1
1,20 NG
.
T~
I
1,15 = -
——
1,10
0 10 20 30 40 50 60 70 80 90
2
Key
1 ive load dynamic effect factor
2 oaded length, m
Figure 7 — Live load dynamic effect factor

8.4 |Longitudinal forces
Axiallloads*and moments due to traffic should also be considered as applied longitudinally, a
plang of the deck, on the superstructure, without the dynamic effect increase. Axial loads shoulg

be taken as

[5] % of live loads. Moments should be calculated using a lever arm of [2] m.

Only superstructure axial loads are transmitted to the substructure.

8.5 Earth pressure

Forces due to earth pressure acting on abutments, or on retaining walls that are part of the bridge

substructure, should be calculated and applied adequately to substructure elements.

Under no circumstance earth pressure should be taken as less than an equivalent fluid weight of [5] kKN/m3.
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loads

Wind loads on bridges complying with the limitation set forth in 6.1 do not control the structure’s design and
need not be taken into account except in regions prone to hurricane, cyclone or typhoon winds, where a wind
load case needs to be taken into account as per Table 10.

Table 10 — Wind loads for hurricane, cyclone or typhoon prone areas:

8.7 Earthquake inertial forces

8.7.1 Gen

Inertial forg
ground acc

of the bridge.

The require
building ma
6 of these ¢

For bridges
substructur
structure to

8.7.2 Seis

A level of s¢
horizontal 4
spectral acq
not exceedi
g (Accelera

For the pu
correspond

terials. When no National Standard is available, the requirements of ISO 9194 may be used

Load condition Load direction Load, kN/m?
Transverse [2.5]
toad-en-structdre™
Longitudinal [0.6]
Transverse [1.5]
Load on live load*
Longitudinal [0.4]

*

Both longitudinal and transverse loads should be applied simultaneously.

eral

es due to earthquakes depend on the mass of the structure and on the structural respg
pleration which, in turn is a function of the seismic hazard-and of the soil characteristics at t

ments of the National corresponding Standard should be met when calculating the mass of
uidelines may also be used to determine bridge masses.

which may be designed under these'guidelines, an equivalent lateral force applied directly,
b and superstructure elements may be employed to represent the dynamic response
the ground acceleration.

mic hazard

pismic hazard should-be defined for the bridge in terms of the intensity of the effective peak
cceleration in ro€kyat the structuresite. The peak rock acceleration is calculated as the n
eleration for one degree of freedom systems, with short periods of structural vibration, i.e., g
ng 0.15 seconds, denoted as A,, and usually expressed as a fraction of the acceleration of ¢
ion of gravity may taken as 9.81 "/¢:).

rpose\of the scope of these guidelines, the values for A, must be taken from the N
ng~Standard having jurisdiction over the site of the considered existing structure. Wh

nse to
he site

bridge
Table

to the
of the

jround
nedian
eriods
ravity,

ational
en the

national co

fe—defimesthe Tmaximurm—seismic—ground—Tmotionfor eachconsidered—sitebasedom s

pectral

response accelerations at 5 % of critical damping, Ss, A, may be estimated as the value of Sg for a period of
0.15 seconds, divided by 375 (A, = 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 bridge being considered, A, may be estimated from the

seismic haz

ard maps shown in Figure 8.

8.7.3 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.

34
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8.7.4 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.

8.7.5 Intermediate seismic hazard zones:

A zone where the value of A, is estimated as more than [0.1] but less or equal to [0.20] may be deemed as a
intermediate seismic hazard zone.

8.7.6 __High seismic hazard zones:

A zone where the estimated value of A, exceeds [0.20] may be deemed as a high seismic

69102 d zone.

O a) North America
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e) Africa
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f) Asia
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Figure 8 — Global Seismic Hazard Map

8.7.7 Soil profile types
Based on the type of soil present at the bridge 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 (1500 m/s = vg> 750 m/s);
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Soil Profile S¢c:  soft weathered or fractured rock, or dense or stiff soil, where the measured shear wave
velocity is in the range (750 m/s = vg> 350 m/s), or, in the upper 30 m, the standard penetration test resistance
has an average value of N > 50 or a shear strength for clays s, 100 kPa;

Soil Profile Sp:  predominately medium-dense to dense, or medium stiff to stiff soil, where the measured
shear wave velocity is in the range (350 m/s = vg> 180 m/s), or where, in the upper 30 m, the standard
penetration test resistance has an average value in the range (15 < N < 50), or a shear strength for clays in
the range (50 kPa < s, < 100 kPa);

Soil Profile Sg: a soil profile where the measured shear wave velocity ve< 180 m/s, or the standard
penetration test resistance has an average value N 15 in the upper 30 m, or has more than 3.5 m of plastic (Pl

> 20) hl h Mmaolcotira Attt (1) A0 0/ AnA I~ cahane ctranath (o OB kDA Alavio: AnA
y g TOTStoOTC— GOttt (vy “ro—7oartg oW oo St CTrigtt Sy ZOo Ko Crays,arca

Seismically| vulnerable soils: sites where the soil profile contains soil having one or more of_the following
characterisfics are beyond the scope of these guidelines:

e soils vulnerable to potential failure or collapse under seismic motions, such as liguefiable soils| quick
and highly sensitive clays, collapsible weakly cemented soil,

e pedts, highly organic clays, or both, with more than 3 m of thickness,
¢ ver}y high plasticity clays (Pl > 75) with more than 8 m of thickness, dand
o soff to medium-stiff clays with more than 40 m of thickness.

Soil exploration to obtain the needed values to classsify must always' be conducted by a designer familigr with
these procgsses.

8.7.8 Site|effects
Site effects|shall be described through the site coefficient for short periods of vibration, F,. The values| of the
site coefficignt for short periods of vibration, F,, shall.be determined from Table 11 as a function of A,, gnd the
soil profile type from 8.7.7. Linear interpolation can’be used between values of A, in Table 11.

Site effect of seismically vulnerable soils, as described in 8.7.7, are beyond the scope of these guidelings and
designs shquld be made under the National Standard or other applicable standards.

Table 11 — Site coefficient, F .

Site coefficoent, F,, for short periods of vibreation
Soil Prpfile
Aa'<0.1] Aa <[0.2] Aa <[0.3] Aa <[0.4] Aa <[0.5]
Sa [0.80] [0.80] [0.80] [0.80] [0.80]
S [1.00] [1.00] [1.00] [1.00] [1.00]
Sc [1.20] [1.20] [1.10] [1.00] [1.00]
Sb [1.60] [1.40] [1.20] [1.10] [1.00]
SE [2.50] [2.70] [1.20] [0.90] [0.90]

8.7.9 Design response spectral ordinates

For bridges 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.
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The ordinates of the elastic design response spectrum, S,, for a damping ratio of 5 % of critical,
a fraction of the acceleration of gravity, shall be calculated in the short periods of vibration
Equation 5:

S, =254,F,

8.7.10 Seismic equivalent uniformly distributed load

expressed as
range, using

Equation (5)

A seismic uniformly distributed load, ws, equivalent to the total horizontal inertial effects caused by the seismic
ground motions, distributed along the length of the bridge, should be determined using Equation 6:

_ ngSa
Ly

Equation (6)

This fistribution is considered as uniformly distributed load, as simple as it is possibl€, [from the viewpoint of

simplified design because the distribution of lateral forces has a little effect on the inertia force of

substructure.

In Equation 6, mt stands for the total mass of the bridge that is not direetly “absorbed by the supports,

including all structural elements, intermediate walls, piers, columns, etc., excluding footings and
is the force of gravity, S, is the design spectrum ordinate, and Lt is the total léngth of the bridge.

8.7.11 Fundamental mode shape

abutments, g

For bridges complying with the limitations set forth in 6.1, dynamic response may be asgsumed to be
domipated by the fundamental mode characteristics. The fundamental mode shape for each one of the

possible cases of one, two or three spans, is shown in Figulre 9.

a) One span b) Two spans c) Three spans

Figure 9 — Fundamental mode shape.

The fundamental shape for each case and for each span is described by a function u(x), as per Table 12.
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Table 12 — Unitary deformation distribution.

L

IpL? IpL? IpH*

Number of spans Span u(x)
2
1 Single span 16x—4(2Lx 1% - xz)
L
i 2 4 4
X IpH x| IpL
First span 16—4(2Lx—L2—x2)+D—5 =
L IpL® | IpH
2
2 4(r 4
Second span ]6X—(2]x‘—[2—x‘2\l+ IpH (L x)—‘( IpL W
| 1pL° |\ IpH")
i 2 4 4
X IpH x| IpL
First span 16—4(2LX—L2—XZ)+D—5 £ 7
L IpL® | IpH
i 2 4 4 4
x IpH x IpH ' (L-x IpL
3 Second span 16—4(2LX—L2 —x2)+ L +-2 ( )}[ £ ]

Third span

2
167 (orx—12 ~22)
L4

N IDH4(L—x)}[ 1pL* ]

IpLd IpH*

In Table 12| x stands for any point along the considered span, L is the span’s length in meters, H is the |argest
height of the bridge supports in meters, Ip is the moment of inertia“of the deck section in m?*, for bending within
its plane, dlie to horizontal forces, and I is the moment of inertia of the wall, frame or pier, in m4, for bending
due to horiZontal forces.

8.7.12 Lat¢ral equivalent design forces

The equivalent lateral force, we, applied directly‘tothe substructure and superstructure elements, emplqyed to
represent the dynamic response of the structure to the ground acceleration, should be determined using

Equation 7:

. = wSu(x)

Equation (7)

In Equation|7, ws is a uniformly~distributed load caused by the seismic ground motions, as specified in 8.7.10,
and u(x) is the function describing the fundamental mode shape, as specified in 8.7.11.

8.8 Thermal Forces

Longitude ghange/due to thermal expansion, &r, must be calculated for a continuous deck, as per Equgtion 8,
at each veqical support.

51" = aATLC

Equation (8)

The value for the coefficient of thermal expansion for concrete, o, depends mainly on the type of aggregate
used; accepated values range from 10 x 10°™™.c to 13.5 x 10°™™/.c. A value of [11.5 x 10°]™™/.c may be
used for a in Equation 8. AT is the maximum daily variation in temperature recorded at the site of the bridge.
In lieu of this information, the designer may use the data provided in Table 13. Classification of temperature
region for the bridge site should be made according to Figure 10.
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Table 13 — Temperature variation according to world region.

Region AT, °C
A Tropical [20]
B Dry [30]
C Temperate [15]
D Cold [10]
E Polar [--]

Tropical
Dry
Temperate
[D] Cold
[CE] Polar

Figure 10 — Map of temperature regions of the world.

Shear force V1 caused by thermal expansion &1 in the vertical supports should be calculated as|per equation
9, where Ip isthe moment of inertia, about an axis on the bridge deck perpendicular to the bridge length, of
the pier, frame or wall serving as support for the superstructure and Hp is the height of the support which
forcep aré bBeing evaluated. Moment due to V1 should be also calculated.

155 .
v =60x100 L°L Equation (9)
Hp

When elastomeric pads without lateral movements restrictions are used between the superstructure and its
supports, thermal expansion of the bridge deck may not be fully transmitted to the infrastructure and, therefore,
may be reduced by a factor of [0.4]. Elastomeric pads shall be designed as per 14.3.

For one span or multi-simply-supported span bridges complying with limits set forth in 6.1, thermal expansion
forces may be considered non significant.
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8.9 Load combinations

8.9.1 Ultimate loads

All elements of the superstructure, the substructure and the foundation should be designed for the
simultaneous application of various groups of the loads and forces specified in 8.2 through 8.8, increased by
amplification factors, A, depending on the loads being combined in each group, as per Table 14.

Table 14 — Load amplification factors and load combinations

I other

AMPLIFICATION FACTORS. A
GROUP D L LF EP EQ
1 [1.35] [1.35] [1.00] [1.50] [0]
2 [1.35] [1.5] [0] [1.50] [0]
3 [1.35] [1.71 [0] 0.50 [0]
4 [1.39] [1.9] [0] [0] [0]
5 [1.00] [0] [0] [1.50] [0]
6 [1.2] [0] [0] [1.50] [1:00]
7 [1.00] [] [] [0] [1.00]
8 [1.00] [1.3] [0] [0] [1.00]
9 [0.9] [0] [0] [0] [1.00]
NOTES:
D = Dead loads
L = Live loads, including dynamic effects
LF =  Longitudinal forces
EP =  Earth pressure
EQ = Earthquake inertial forces
8.9.2 Seryice loads
For service|loads the same lgad combinations shown in Table 14 should be used, except all factors fo
than earthguake forces should be taken as 1.00. Earthquake loads factors should be taken as 0.75.
9 Design requirements
9.1 Scope

The present subclause contains the guides that are common to the structural concrete elements covered by
these guidelines. They include: guides for materials, concrete cover of 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 element type of these

guidelines.
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Materials for structural concrete

General

All materials employed in the construction of the structure designed following these guidelines should conform
to the following ISO standards:

9.3.2

Cement

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

ISO 679 Cement -- Test methods -- Determination of strength

ISO 863 Cement -- Test methods -- Pozzolanicity test for pozzolanic cements

9.3.3

Aggr

Aggregates

bgates should conform to the following ISO Standards, or corresponding national aggregate

ISO 6274, Concrete — Sieve analysis of aggregates

ISO ¢

ISO
Hydr

ISO

watefr

9.3.4

Wate
salts,
the a

9.3.5

Steel
confd
Weld

782, Aggregates for concrete — Determination of bulk density.

K783, Coarse aggregates for concrete — Determination-of particle density and water
bstatic balance method

Y033, Fine and coarse aggregates for concrete —“Determination of the particle mass-pe

organic materials, or other substances deleterious to concrete or reinforcement, and shou
bplicable 1SO standards, or corresponding national mixing water standard.

Steel reinforcement
reinforcement should be deformed reinforcement, with the exceptions noted in 9.3.5.3

rm to the following’limitations, and comply to the corresponding ISO standards, especially
ed-wire fabrie’should be considered deformed reinforcement, under the present guidelines.

1 Deformed reinforcement

standards:

hbsorption —

-volume and

absorption — Pycnometer method
Water
r used in mixing concrete should be‘potable, clean and free from injurious amounts of oils, @cids, alkalis,

d conform to

and should
ISO 10144.

d reinforcing

aximum specrfled yield strength for deformed relnforcement should be 400 MPa. Deforms

ISO 6935-2

covers grades RB 300 RB 400, and RB 500 (300 MPa 400 MPa, and 500 MPa characterlstlc upper yield
stress, respectively) and nominal diameters of (6, 8, 10,12, 16, 20, 25, 32 and 40) mm, although under the
present guidelines the nominal diameter of deformed reinforcement bars is limited to 32 mm (see 9.3.8).

9.3.5.

2 Welded-wire fabric

The maximum specified yield strength for wires being part of welded-wire fabric should be 400 MPa. Welded
wire fabric should conform to ISO 6935-3 or corresponding national welded-wire fabric standard. Under the
present guidelines the nominal diameter of wire for welded-wire fabric is limited to 10 mm (see 9.3.8).
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9.3.5.3

Plain reinforcement

Plain reinforcement should be permitted only for stirrups, ties, spirals, and when it is part of a welded-wire
fabric. The maximum specified yield strength for plain reinforcement should be 300 MPa. Plain reinforcing
bars should conform to ISO 6935-1 or corresponding national plain reinforcement standard. ISO 6935-1
covers grades PB 240 and PB 300 (240 MPa and 300 MPa characteristic upper yield stress, respectively) and
nominal diameters of (6, 8, 10,12, 16 and 20) mm, although under the present guidelines the nominal

diameter of

plain reinforcement bars is limited to 16 mm (see 9.3.8).

9.3.6 Admixtures

Admixtures

9.3.7 Stol

Cement an
matter. Any

9.3.8 Min

Reinforcem

dp, less than the minimum diameter, nor should it be larger than the maximutm diameter given in Table 1

should contorm 1o the applicable 15U standards, or corresponding national admixtures stang

age of materials

l aggregates should be stored in such manner as to prevent deterioration and-intrusion of
material that has deteriorated or has been contaminated should not be used.for Concrete.

mum and maximum reinforcement bar diameter

ent employed in structures designed under these guidelines should-not have a nominal dig

Table 15 — Minimum and maximum reinforcing bar diameters

ard.

oreign

meter,
5.

. Minimumbar diameter | Maximum bar diameter
Reinforcement
db db
Defgrmed reinforcing bars (see 9.3.5.1) [8] mm [32] mm
Wirg for welded-wire fabric (see 9.3.5.2) [4] mm [10] mm
For gtirrups and ties [6] mm [16] mm
Plain reinforcing bars (see 9.3.5.3) [6] mm [16] mm
For phon seismic areas [4] mm [32] mm

9.4 Cong

Concrete s

frequency d

cylinders m
concrete sh

crete Mixture Proportioning

hall be proportioned to provide an average compressive strength, f' r, that shall minimi

f strengthsthelow f." . The requirements for f' shall be based on 28-day age tests on p

bde and-tested according to ISO standards prescribed in chapter 2. The proportions of matg
all berestablished to provide:

ze the

airs of
rial for

a. Wo

rkability _and consistency to permit concrete to be worked readily into forms and around

reinforcement under the conditions of placement to be used, without segregation or excessive
bleeding;

b.

C.

Resistance to special exposures; and

Conformance with strength test requirements.

Concrete proportions, including water-cement ratios, shall be established based on field experience, ftrial
mixtures, or both, with the materials to be used.
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9.4.1 Durability requirements

9.4.1.1 General

To obtain an appropriate durability of the concrete, a minimum amount of cement shall be provided by using

water-cement ratios below specified values and by specifying a minimum compressive strength for the
concrete.

9.4.1.2 Calculation of the water-cement ratio

The water-cement ratios shall be calculated using the weight of water in _kg/m? of concrete divided by the

cemgnt used in the mixture in kg/m?of concrete. The use of fly ash, pozzolans, slag, and silicafufne is beyond
the sgope of these guidelines and if used shall be in accordance with appropriate ISO standards:
9.4.113 Freezing and thawing exposures
9.4.14 Concrete exposed to freezing and thawing or deicing chemicals shall be air-entrpined with a
total air content of 6 % for severe exposure and of 5 % for moderate exposure. Tolerance on
air content in fresh concrete shall be * 1.5 %.Requirements-for special exposure| conditions
Congrete maximum water/ cement ratios and minimum specified compresive strength should|comply with
specification of Table 16, according to conditions of exposure.
Table 16 — Requirements for specialexposure conditions
Exposure condition Maxmqm water_—cement Minimum f¢' (MPa)
ratio by weight
Caoncrete intended to have low permeability when
0.5 28
exposed to water
Concrete exposed to freezing and thawing_in a moist
" . . 0.45 31.5
condition or to deicing chemicals
Fof corrosion protection of reinforcement in concrete
exposed to chlorides from deicing) chemicals, salt, salt
: 0.4 35
water, brackish water, seawater, or spray from these
solirces
9.4.1|5 Sulfate exposures
When water soluble sulfate (SO4) is present in soil and has a concentration greater than 0.10 %|by weight or
is prgsent inswater with more than 0.015 % (150 ppm), concrete exposed to these sulfate-containing solutions
or sdils shallhave a water-cement ratio less than or equal to 0.45 by weight and a minimum [compressive
strengthfc’ , of 31 MPa. Calcium chloride as an admixture shall not be used in concrete exposed to sulfates.
9.4.1.6 Chloride-ion exposure

For corrosion protection of reinforcement in concrete, maximum water soluble chloride-ion concentrations in
hardened concrete at ages from 28 to 42 days contributed from the ingredients including water, aggregates,
cement, and admixtures shall not exceed the limits of Table 17.
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Table 17 — Maximum chloride ion content for corrosion protection of reinforcement

Type of member concrete, percent by weight of cement

Maximum water soluble chloride-ion (CI') in

Reinforced concrete exposed to chloride in service 0.15
Reinforced concrete that will be dry or protected from 1.00
moisture in service '

Other reinforced concrete construction 0.30

9.4.2 Reduired average compressive strength

Required a

concrete cagmpressive strength f.’

9.4.3 Pro

bortioning of the concrete mixture

The proportions of the concrete mixture shall be established from ftrial mixtures using combinati
materials for the proposed work, using at least three different water-cement ratios that comply w

durability re

average st

ength f' r. The trial mixtures shall be designed to preduce slumps within £ 20 mm

maximum permitted.

Table 18 — Slumps for various types of construction

Slump (cm)
Member
Maximum Minimum
Reinforced foundation walls, columns.and footings 75 2.5
Plain footings, caissons, and substructure walls and columns 7.5 2.5
Beams and reinforced walls 10 25
Columns 10 25
Pavements and slabs 7.5 25
Mass concrete 5 25

9.4.4 Concrete cover of reinforcement

verage compressive strength, fc" r, for concrete shall be 10.5 MPa greater than the specified

bns of
th the

quirements of 9.4.1 and the slump requirements from Table_18)and that encompass the rgquired

of the

9.4.41 I‘flinimum concrete cover

The following minimum concrete cover should be provided for reinforcement, even in nonseismic areas:
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ure 11 — Minimum concrete cover of 70 mm for all types of reinforcement of element} cast and
permanently exposed to earth or water.
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Figure 12 — All types of reinforecement of elements exposed to weather.
Minimum-concrete cover 50 mm

40 mm

Figure 13 — All types of reinforcement of girders, beams, or columns, when not exposed tp weather or
in contact with ground. Minimum concrete cover 40 mm

30 mm

e o o o &

Figure 14 — All types of reinforcement of solid slabs, structural concrete walls or joists, when not
exposed to weather or in contact with ground. Minimum concrete cover 30 mm
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9.4.4.2

Special corrosion protection

In very aggressive environments special corrosion protection of the reinforcement should be employed, such
as epoxy-coated bars, air-entrained concrete and other means. This type of protection is beyond the scope of
these guidelines.

9.4.5 Minimum reinforcement bend diameter

Diameter of bend of the reinforcement, measured on the inside of the bar, should not be less than the
following values:

a) Deformed reinforcing bars

b) Plain re|nforcing bars

c) For stirrbips and ties

9.4.6 Stampdard hook dimensions

The term "

52

a) 90°|hook

Diameter of bend

6 dp
6 dp
4dp

tandard hook" as used in these guidelines should mean one of the following:

a 90° bend plus a 12 dp
extension at free end of bar

Figure 15 — Minimum
reinforcement bend diamefer

b) 180° hook

a 180° bend plus 4 dp
extension at free end of bar

Figure 17 — 180° hook
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c) For stirrup and tie hooks <

a 90° bend plus 6 d, extension

ISO 28842:2013(E)

[«]
o

dp

B\

d) For confinement stirrups and

ties in seismic zones but not less than 75 mm

but not less than 75 mm

a 135° bend plus 6 dp
extension at free end of bar

a 135° bend plus6  db
extension at free end“of bar,

a 135° bend plus 6 db
e) For crossties in seismic zones  extension at free end of bar,

</ 4d,
—r

Figure 18 — For stirrup and tie
hooks

6d, > 75 mm

4d,,

M

Figure 19 — For confinement

stirrups and ties in seismic
zones

6dp, > 75 mm

4dy,

Figure 20 — For crosstids in

9.4.7 Bar spacingand maximum aggregate size

seismic zones

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

interrelated as follows:

9.4.8 Maximum nominal coarse aggregate size

Maximum nominal coarse aggregate size, see Figure 21, should not be larger than:
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1/5 of the narrowest dimension between sides of forms, nor
1/3 of the depth of slabs, nor

3/4 the minimum clear spacing between parallel reinforcing bars or wires.
- _a__l /slab

i ;T it

< 3s/4

&

Figure 21 — Maximum nominal coarse aggregate size

9.4.9 Minjmum clear spacing between parallel bars in a layer

bl

In solid slabs, girders, beams and joists, the minimum clear spacing between parallel bars in a layer shquld be
the largest phominal bar diameter, dp, but not less than 25 mm. Seekigure 22. These guides should apply also

for the spading between parallel stirrups or ties.

9.4.10 Minjmum clear spacing between parallel layers ofireinforcement

In girders, beams and joists, where parallel reinforcement is placed in two or more layers, bars in the| upper
layer should be placed directly above bars in the bottom layer with clear distance between layers not legs than

25 mm. Seg Figure 22.

db _._S___
- N L Iso | s,
/
o 0 0 0 |
> 25 mm
o000 + ® o090 *
325Imm
@ © e ’)/ }
S S o 25“"“
dy s s>25d, \S 7

Figure 22 — Minimum clear spacing between parallel bars in a layer, and clear distance between

parallel layers of reinforcement

9.4.11 Minimum clear spacing between longitudinal bars in columns

In columns, clear distance between longitudinal bars should not be less than 1,5 db or 40 mm. See Figure 23.
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s>15d,
s >40 mm

Figure 23 — Clear distance between longitudinal barsinycolumns

9.4.1R Clear spacing between parallel lap splices

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

9.4.1B8 Maximum flexural reinforcement spacing in solid slabs

In sdlid slabs, primary flexural reinforcement should be spaced no farther apart than two times the slab
thickmess, nor more than 300 mm (see Figure 24).

Figure 24 — Spacing between flexural reinforcement in solid slabs

9.4.14 Maximum shrinkage and temperature reinforcement spacing in solid slabs

In slabs, shrinkage and temperature reinforcement should be spaced no farther apart than three times the
slab thickness, nor more than 300 mm. See Figure 25.
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Figure 25 — Spacing between shrinkage and temperature reinforcement in slabs

9.4.15 Maximum reinforcement spacing in structural concrete walls

9.4.15.1 \Vertical and horizontal reinforcement

In structura| concrete walls vertical and horizontal reinforcement should be spaced no farther apart than three
times the structural concrete wall thickness, nor more than 300 mm. See Figure 26.

s)\

s<3h

s <300 mm

Figure 26 — Spacing between reinforcement in structural concrete walls

9.4.15.2 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 more than one-third of the thickness of the wall
from the surface of the wall. For exterior exposure the exterior surface layer should be placed no less than 50
mm, instead of the 30 mm prescribed.

9.4.15.3 Special details per element type

The designer should comply with the additional reinforcement detail required for each individual element type,
as guide by 10 to 14 of these guidelines.
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9.5.1

9.5.1

ISO 28842:2013(E)

Development length, lap splicing and anchorage of reinforcement
Development length

.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 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 9.5.3. See Figure 27.

Key
1
2

Whe
multi

9.5.1

The
wire

dp
I | |:‘:
| .
! l4 = 50d,

(see 7.3.8.3)

Critical section

anchorage distance (see 7.3.8.3)

Figure 27 — Required development length for reinforcing bars

mever plain bars may be used'instead of deformed bars, the development length specified
blied by 1.8.

2 Welded-wirefabric

levelopment dength |y, of welded-wire fabric measured on each side of the critical section
hould contain*two cross-wires, but should not be less than 200 mm, for the wire diameters

thesq guidelines/in 9.3.8. See Figure 28.

Key
1

-

nere must be

o the end of
permitted by

|d=2a |d=2a

=200 mm 2200 mm

critical section

Figure 28 — Required development length for welded-wire fabric
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9.5.2 Lap splice dimensions

9.5.2.1

Reinforcing bars

The minimum length of lap for splicing of reinforcing bars should be 50 db, for the bar diameters permitted by

these guidelines in 9.3.8. See Figure 29.

dp

50d

£

9.5.2.2
Welded-wir

the edge cr|
9.3.8, See

9.5.3 Min

The minimym distance between the outer face of concrete and the critical section where the hook
full strength should not be Jess than 20 d,. See figure 31.

develops itg

Figure 29 — Minimum lap splice length for reinforcing bars

Welded-wire fabric

2 cross-wires > 250 mm J:._—'

Figure 30 — Minimum lap splice length for welded-wire fabric

—

~— 20 d ef

|

mum standard hook anchorage distance

e

b fabric splicing should be attained by superimposing two cross-wires,-but the distance bg
bss-wires should not be less than 250 mm, for the wire diameters permitted by these guidel
Figure 30.

d

btween
nes in

ed bar

t—~

20d,

Key

1 critical section

2 cover requirement

58

Figure 31 — Minimum standard hook anchorage distance
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9.6 Limits for longitudinal reinforcement

9.6.1 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 9.6. The dimensions of the structural element
should be appropriately modified when the amount of calculated reinforcement required to resist the factored
loads and forces exceed the maximum amounts permitted by 9.6.

9.6.2| Solid slabs and footings

9.6.2|11 Minimum area of shrinkage and temperature reinforcement

Reinforcement for shrinkage and temperature stresses normal to flexural reinforcement should be provided in
strucfural solid slabs and footings where flexural reinforcement extends in one direction only. S¢e Figure 32.
The maximum spacing for this reinforcement should comply with 9.4.14.CFhe following minimum ratios of
reinfgrcement area to gross concrete area, py, should be provided for shrifikage and temperature:

al where deformed bars with f, < 350 MPa are used pt=0,0020

b where deformed bars or welded-wire fabric with f, > 350:MPa are used pt=0,0018

9.6.2|12 Minimum area of tension flexural reinforcement

The minimum area of tension flexural reinforcement; A min, in structural solid slabs and footings should be
greater or equal to the reinforcement area required for shrinkage and temperature stresses ag required by
9.6.2|1, (Asmin> pt - b - h). See Figure 32. The“maximum spacing of this reinforcement should comply with
9.4.1B.

$ ‘
d

|
dc -

le— 5 — |

As

Figure 32 — Slab or footing section

9.6.2.3 Maximum area of tension flexural reinforcement
The maximum reinforcement ratio, p = A¢/(b - d), permitted for tension flexural reinforcement in solid slabs and

footings should not exceed the value of pnax, Stipulated in Table 19. 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 19 — Maximum flexural reinforcement ratio, pm.x for solid slabs and footings

9.6.3 Girlavbvzmﬁmﬁu'sts
9.6.3.1 inimum area of tension flexural reinforcement

At every section of a girder, beam or joist, where tension flexural reinforcement is required by 10
rea of tension flexural reinforcement, Agmin, Should be greater or equal to the’following
is the value stipulated in Table 20:

minimum a
where pmin,

For rectang

A

S, min

For T sectiq
obtained frg

A

§,min

A

s,min

= Pmin

fy (MPa)
[240] [300] [400]
. [20] [0,0220] [0,0160] [0,0110]
° [25] [0,0270] [0,0200] [0,0140]
(MPa) [30] [0,0320] [0,0240] [0,0160]
NOTE

-d-b

w

A2 Pmin - d by

=Pt 7D

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

f

As—]

77

1

le— bw = p—=

VA4

ular sections, and for T sections where the flange is in compression (See’Figure 33):

"

igure 33 — Rectangular.section and T-shaped section with flange in compression

- by —

ns where the flange-is in tension (see Figure 34), should be greater or equal to the smalle
m Equation 11erEquation 12:

Equati

Equatig

Equati

1, the
alues,

bn (10)

[ value

bn (11)

bn (12)

60

o

As

/Z d
-

Figure 34 — T-shaped section with flange in tension
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Table 20 — Minimum flexural reinforcement ratio, pn,, for girders, beams and joists

f, (MPa)
240 300 400
20 0,0047 0,0037 0,0028
f!
¢ 25 0,0052 0,0042 0,0031
(MPa)
30 0,0057 0,0046 0,0034

2

Maximum flexural reinforcement ratios

1atio of tension flexural reinforcement, p, should not exceed the following values expressed

s given in Table 21:
Hers, beams and joists, having only tension flexural reinforcement:

A
b-

S

d

0 = < Pmax

Hers, beams and joists, having tension and compression flexural reinforcement (See Figure

'

b—p' = As _AA;

bd Spmax

N

bt

As

Figure 35 — Section with tension and compression reinforcement

n function of

Equation (13)

B5):

Equation (14)

Table 21 — Maximum flexural reinforcement ratio, pnax, for girders, beams and joists

f, (MPa)
240 300 400
15 0,0240 0,0180 0,0120
f! 20 0,0320 0,0240 0,0160
(MPa) 25 0,0400 0,0300 0,0200
30 0,0480 0,0360 0,0240
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NOTE It should be permitted to interpolate for different values of fy and f; or use the following equation:
pmw«2055lé‘——g%L—
fy 600+ f)

9.6.4 Columns

9.6.4.1  Minimum and maximum area of longitudinal reinforcement
The total are g n 0,06
times the gross area, Ag, of section:
AS[ H
001< g = o <0,06 Equation (15)
4

9.6.4.2 Minimum diameter of longitudinal bars
Longitudinal bars in columns should have a nominal diameter, dy,, of 16 mm or more.
9.6.4.3  NMinimum number of longitudinal bars
There should be at least one longitudinal bar in each corner of the section for a minimum 4 bars, in square
and rectandular columns with ties, and a minimum of 6 longitudinal bars in round columns with spirals.
9.6.4.4 Distribution of longitudinal bars
The longitudinal bars in the column should be distributedtalong the perimeter of the section in such a manner
that the clear spacing between bars along all faces of.the column is approximately equal.
9.6.5 Stryctural concrete walls
9.6.5.1 Minimum area of vertical reinforcement
The minimdyim ratio, p,, of vertical~reinforcement area to gross concrete horizontal section area should be
0,0025.
9.6.5.2 Maximum area, of' vertical reinforcement
The maximpm ratio,%,) of vertical reinforcement area to gross structural concrete wall horizontal sectign area
should be 0,06, butwhen the ratio, p,, exceeds 0,01 the vertical reinforcement should be enclosed with ties as
prescribed for columns in 9.7.4.1.

0,0025< p, _L

AS[

} <0,06

9.7 Minimum amounts of transverse reinforcement

9.71

General

Equation (16)

Transverse reinforcement in reinforced concrete structural elements should be provided to resist shear,
diagonal tension, and torsion stresses. It should be provided also to counteract the tendency of compression
loaded bars to buckle out of the concrete by bursting the thin outer concrete cover, and to prevent
displacement of the longitudinal reinforcement during construction operations. In seismic zones it should be
placed in special regions of the structural elements to provide confinement of concrete subjected to stresses
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in the non-linear range. The amount of transverse reinforcement employed in the structural elements covered
by these guidelines should be that required to resist the factored loads, forces, and stresses, but should be
not less than the minimum values given by 9.7.4. The dimensions of the structural element should be
appropriately modified when the amount of calculated reinforcement required to resist the factored loads,
forces and stresses, exceed the maximum amounts permitted by 9.7.4.

9.7.2 Slabs

The design procedures for slabs prescribed by these guidelines do not require the employment of transverse
reinforcement in slabs. The procedures for design of transverse or shear reinforcement in slabs are beyond
the scope of these guidelines.

9.7.3| Girders, beams and joists

9.7.3{1 Minimum transverse reinforcement

The

specified in 10.2.4.3and 10.2.4.4, with the exceptions noted in 9.7.3.2

9.7.3|12 Girders and beams in seismic zones

Girdgrs and beams framing into columns and structural concrete<walls located in seismic zong
provigded with confining transverse reinforcement as required in 13¢

9.7.4) Columns

All

reinfgrcement conforming to the guides of 9.7.4.1 or@.7.4.2, respectively.

9.7.41 Ties

Trangverse reinforcement in columns inthe form of ties, should comply with the following guides:

minimum transverse reinforcement in girders, beams and joist should be)the required f

golumns should have transverse reinforcement\ in the form of either tie reinforcems

d) All longitudinal columns_bars should be enclosed by lateral ties made with bars at le
diameter (dp, > 8 mm),
have lateral suppoft provided by the corner of a tie or a crosstie. See Figure 36.

d) No longitddinal bar should be farther than 150 mm clear on each side along the tie frg
supportedlongitudinal bar. See Figure 36.

d) The-vertical spacing of ties, s, should not exceeda half of the effective depth of the col
See Figure 37.

or shear, as

ps should be

nt or spiral

ast 8 mm in

b) Ties should be arranged in such a manner that every corner and alternate longitudinal bar should

m a laterally

umn section.

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

below the lowest horizontal reinforcement of shallowest member supported above.
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X <150 mm x> 150 mm

e e e e e e

T

N
-
17

Key
1 longitud

2 tie

9.742 §

Columns wi

Figure 36 — Arrangement of ties in a tied column section

{ "
8
HTN\_ i

16dy, (1)

5 <(3)< 48 dy\®)
]

d/2

¢

inal bars 3 smaller-of

4 tie bar

Figure 37 — Vertical spacing of ties in a tied column

pirals

th spiralreinforcement should comply with the following guides:

a) Al

HIWP H 1 ] 1N [y 1ad bk ] P~ H ] X H £ ] A 4
uitgnuunialr CUTUTTIT Udl o olTUUTU UG TTIVIVOTU Uy d opyitdl CUTTOIoUITYy U diTt TVUTITy opdadutuUu LUTTU

bar at least 8 mm in diameter (dp, > 8 mm).

nuous

b) Clear spacing between spirals should not exceed 80 mm, nor be less than 25 mm, and should
comply with the guides of 9.4.7.

c) Anchorage of the spiral reinforcement should be provided by 1'% extra turns at each end of a spiral unit.

d) Splices in spiral reinforcement should comply with 9.5.2.

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

wh

64

ich the diameter or width of capital is two times that of the column.
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spacing of the spiral, A; is the area of the confined column core measured center to center

[AC :

is theg yield strength of the steel of the spiral.

Key

9.7.4/3 . Column-girder joints
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f)  Ratio of spiral reinforcement, ps, defined as ratio of the volume of reinforcement containe

d 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 Equation 17. See Figure 38:

o,u@
Ab‘ﬂ"dc fys

py=—t—-C> Equation (17)

A, s
A !
0’45.{_g_1}.f_c

c f s

7r~d62

] , Ag is the gross column section area, ¢ is the specified concrete strength. of ithe cd

@,

ongitudinal bars

Epiral

Figure 38 — Spiral reinforcement of column

5 the vertical
of the spiral

lumn, and fys

with 9.7.4.2

(a) t0 9.7.4.2 (c), 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 39.

9.7.5 Structural concrete walls

The minimum ratio, py, of horizontal reinforcement area to gross concrete vertical section area should be
0,0025.
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s <150 mm

S T

Key

1 column|longitudinal reinforcement
2 columnlties

3 girder stirrups

4 girder Igngitudinal reinf.

5 joint tie

6  joint

Figure 39= Column ties in column-girder joints

10 Superstructure

The superstructure.system employed by a bridge designed under these guidelines should be one|of the
systems coyered.or their permitted variations. The selection of an appropriate system should be performed
studying seyeral alternatives.

10.1 Strength of members subjected to flexural moments

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

employing the requirements of 10.1. If the factored axial compressive load on the member, P,, exceeds
(0,10-fg -Ag) , the calculation of the design strength should be performed employing the requirements of 10.2.

10.1.2 Factored flexural moment at section

The factored flexural moment at section, M,, caused by the factored loads applied to the structure should be
determined, for the particular element type, from the requirements of 10 to 14.
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10.1.3 Minimum design flexural moment strength

The design flexural moment strength of the section, (¢ - M,), should be greater or equal than the factored
flexural moment at that section, M, as shown in Equation 18.

pM,>M, Equation (18)
10.1.4 Design moment strength for rectangular sections with tension reinforcement only

10.1.4.1 Design moment strength

For g section with tension reinforcement only, the design moment strength at the section should be obtained
using Equation19:

p-M, =¢‘As‘fy(d—%j Equation (19)

wherge the depth of the equivalent uniform stress block, a, should be (see Figute 40):

_ As'fy

= E ion (2
085 11 b quation (20)

Figure 40 — Flexural nominal moment strength

It shquld be permitted to use Equation 21, where the value of a has been introduced in Equation 19, through
Equation 21:

As-fyw L
M, =¢-A - f,-d -|1-0,59- F
p My, =¢- A - ( 9 bd f [Equation (21)

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

slabs, and also in girders, beams and joists where p < p’”T“'x , With pmax from Table 21, as:

¢-M,~¢-A;-f,-085-d Equation (22)
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10.1.4.2 Obtaining the flexural tension reinforcement area

The required ratio of flexural reinforcement, p=

should be obtained combining Equation 1

AS
[

Equation 19, and using the factored flexural moment, M, as:

p:

b-d

Mu
¢-b-d* [,

/e
LIS £,

.2~a

J where a =

8 with

Equation (23)

or using the approximate Equation 22, in slabs where p < pmax, With pmax from Table 19, and in girders, beams

and joists W

In Equation|
than pmi, frd
Pmax from T
beams, andg
compressio
selfweight,

10.1.5 Use

10.1.5.1 T

If the ratio
compressio

q

\.

10.1.5.2

If the ratio

considered

here p < Pnme , With pmax from Table 21, as:

Mbl

r Equatig
$-b-d”-085-f,

23 and Equation 24 ¢ = [0,90]. If the value obtained from Equation 23 ‘or Equation 24 is s
m 9.6.3.1 p should be increased to that value. For slabs, if the obtained value of p is greats
bble 19, the slab depth, h, should be increased, correcting the selfweight of the slab. For g
joists, if the obtained value of p is greater than p..x from Table/21, the possibility of eithe
h reinforcement (see 10.1.5), or changing dimensions, making/the appropriate correction
5hould be investigated.

of compression reinforcement in girders, beams, @nd joists

ension reinforcement less than maximum

bf tension reinforcement, p, is less than phex as given in 9.6.3.2, the effect of reinforcement
h face of the element should be permitted to be disregarded.

hallow doubly reinforced sections

of % is greater than the values given in Table 22 the compression reinforcement sho

not to be effective.

Table 22 — Maximum values of % for compression reinforcement to be effective

bn (24)

maller
er than
irders,

using
for the

in the

uld be

fy (MPa) 240 300 400
d!
i 0,320 0,250 0,150

NOTE

It should be permitted to interpolate for different values of fy

10.1.5.3 Design moment strength of sections with compression reinforcement

When the condition of % is met, the design moment strength at the section, should be (see Figure 41):

¢'Mn =

¢~{(AS —A;)-fy[d—%j+A; - ~(d—d')}

where the depth of the equivalent uniform stress block, a, should be in this case:

68

Equation (25)
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] (M
|

Equation (26)

10.1.

The
obtai

and

In Eq

procq

shou

10.1.

In bg
comg
the fl

d-a/2
*b-a - |
Ag-fy ? dlc ]

Figure 41 — Flexural nominal moment strength for doubly reinforced sections

6.4 Obtaining the flexural tension and compression reinforcement area

required area of flexural tension reinforcement, As, and Coripression reinforcement, 4|
ned combining Equation 18 with Equation 25, and using, the factored flexural moment, M,, ag

’

‘uu [ 2
———|b-d”- -f,-08 I
s ¢'fy'(d—d') Pmax f}

As =As +Pmax -b-d f

dure should be used only ' when the condition of % of 10.1.5.2 is met. Compression 1

d be enclosed by ties as required by 9.7.3.2.

b T-beam effect

ams that are\cast monolithically with a slab, and when subjected to flexural moments
ression stresses in the slab a portion of the slab should be permitted to act as a flange of th
bxural design should comply with the requirements of 10.1.6.1 to 10.1.6.5.

, should be
follows:

cquation (27)

Fquation (28)

uation 27 and Equation 28, ¢ =.[0,90]. The steel ratio, pmax, should be obtained from Table 21. This

einforcement

that induce
e beam, and

10.1.

p.1_Effective flange width for beams with slab in both sides

The width of slab effective as a T-beam flange, b, should not exceed (see Figure 42):

a) one-quarter of the span length of the beam,

b) sixteen times the slab thickness hy, plus the web thickness, b,,,

Cc

© IS0

) the clear distance between webs plus the web thickness, b,,.
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-

174

b <min.of < 16-h;+ by,

s +b,
.

|
by, —t s !

Figure 42 — Effective flange width for T-beams with slab in both sides

10.1.6.2 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 (see Figure 43):
one-twelfth [of the span length of the beam plus the web thickness, b,

six times the slab thickness hy, plus the web thickness, b,,,

one-half thg clear distance to the next web plus the web thicknessyp,,.

|
22

O

N

T

17112 + by
b < min.of <6-h;+ by

e o o o s/2 + bw
: N

Figure 43 —Effective flange width for T-beams with slab in one side only

10.1.6.3 Isolated T-beams

The flange [thickness hy, in isolated T-beams should be at least one-half of the web thickness, b, and the
effective flange’width. b, should not exceed 4-b,, nor b; (see Figure 44).
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4.bw

b < min. of

f

———_?'———
_s, [

- by, —

Figure 44 — Effective flange width for isolated T-beams

10.1.6.4 Design moment strength of T-beams

When the flange is in compression the moment strength should be calculated as for a rectangulaf beam using
10.1.4.1, as long as the depth of the equivalent uniform stress block, a, lies within the flange thickpess, h;. See
Figure 45. The last condition should be verified using Equation 29.

A fy

[ 2a and a=

— T -
|
N

.
s

Figure45 — Effective cross section for moment strength calculation of T-beams

10.1.p.54 Obtaining the flexural tension reinforcement area

The required ratio of flexural reinforcement, p < (bASd) for T-beams, should be obtained from Equation 23 or
Equation 24, and the flexural reinforcement ratio, p, should not exceed the value given by Equation 30, in
order for the depth of the equivalent uniform stress block, a, to lie within the flange thickness, h.

085 fichy

Equation (30
o (30)

P

If the value obtained from Equation 23 or Equation 24 is smaller than pp, from 9.6.3.1 p should be increased
to that value. If the obtained value of p is greater than pn.x from Table 20, the dimensions should be changed,
making the appropriate correction for the selfweight.
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10.2 Strength of members subjected to shear stresses

10.2.1 Gen

eral

Calculation of the design strength of member sections subjected to diagonal tension or shear stresses should
be performed employing the requirements of 10.2. Two type of shear stress effects are covered by these

guidelines:

beam-action shear that accompany flexural moments and occurs in girders, beams, joists, solid slabs , in the
vicinity of supports and concentrated loads, and

punching-shear or two-way action shear, that occurs in solid slabs, also in the vicinity of supports and
concentrategd loads.
Other types of diagonal tension effects, such as: special effects in deep flexural members; .shear-friction
employed ip the design of brackets and corbels, and strut-and-tie models, are beyond the«scope of these
guidelines.
10.2.2 Factored shear
The factored shear, V,, caused by the factored loads applied to the structure_should be determined, for the
particular element type, from the requirements of 10 to 14.
10.2.3 Design shear strength
The design|shear strength at the section of the element, (¢ -V,)»should be greater or equal than the fgctored
shear, V, as shown in Equation 31.
$-Vu2p, Equation (31)
In Equation|31, ¢=[0,85].
10.2.4 Beam-action shear
10.2.4.1 General
The guides in 10.2.4 should be‘applied to the design of members for beam-action shear. The following
general guifles should be employed:
a) where shear reinforcement is used the design shear strength, ¢ -V,, should be computed using
Eqpation 32«
¢V, =p-(Ve W5) Equation (32)
In TP Ve ; —V, is the
contribution of the shear reinforcement, where employed, to the design shear strength. In Equation
32 ¢=10,85].
b) where support reaction, in direction of the applied shear, introduces compression into the end regions

of the member, and no concentrated load occurs between the face of support and a distance from the
support equal to d for girders, beams, joists, columns, slabs and footings, the sections in between
should be permitted to be designed for the same factored shear, V,, computed at d.

10.2.4.2 Contribution of concrete to beam-action design shear strength

At each critical location to be investigated, only the contribution of the concrete of the web of the beam should
be taken into account, see Figure 46, and it should be computed using Equation 33 with ¢ = [0,85].

72
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Equation (33)

In Equation 33 for solid slabs and footings, b,, should be taken as the width of the section, b. See Figure 47.

10.2.

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:

Wherte A, corresponds to the area of shear reinforcement perpendicular to the axistofithe eler
hce s, and fys is the yield strength of the steel of the shear reinforcement. In Equation 34 ¢ =

dista

The ¢

Shead

Fi

© IS0

fod
-V, :¢.{ﬁJ
N

2 ;
p-V §¢|:§ Jé by ‘d:|:4'¢'Vc

d)-Vc

r reinforcement for solid slabs and footings is beyond the scope of these guidelines.

|
'lquc J
I

——t o
(¢}

Fquation (34)

nent within a
0,85].

ontribution of the shear reinforcement to the design shear strength should not be taken gregter than:

Fquation (35)

pgure 46— Contribution of concrete to beam-action shear strength in girders, beams, and joists
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10.244 D

Shear reinfprcement in girders, beams and joists, should be provided using stirrups perpendicular to th
of the memper with a maximum spacing s measured along the axis of the element:

a) where the factored shear V, is less than one-half ¢ Vit should be permitted to waive the
shear reinforcement.

b) where the factored shear, V,, exceeds one-half §-V,, and is less than ¢ V., a minimum am
shear reinforcement should be employed as specified by Equation 36. The maximum spacing §

the

—_—

In Equation
of vertical |6

where the [factored shear, Y/gyexceeds ¢ -V, the difference (V,- ¢ V) should be provided for by

reinforcems

employed ($ee Table 23):

The amoun

If the value

Figure 47 — Contribution of concrete to beam-action shear strength in‘solid slabs

esign of shear reinforcement

axis of the element should not exceed d/2,,nor 600 mm. See Figure 48.

b,-s_b,-s .
== Equati
fys 3'fys

36 A, corresponds to the product of the area of the bar of the stirrup, Ay, multiplied by the n
gs of the stirrup.

nt, using Equation 32 , Equation 33 and Equation 34, and the following limitations sho

of shearreinforcement should not be less than that determined using Eq. (34).

e axis

use of

punt of
along

bn (36)

umber

shear
uld be

of¢ -V, calculated using Equation 34 is less than (2-¢ -V.) the spacing limits of 10.2.4.4 b)

should

be employed:

If the value of ¢ -V, calculated using Equation 34 is greater than (2-¢ -V,) the spacing limits should be half of
the values of 10.2.4.4 (b).

The value o

74

f ¢ -Vs, calculated using Equation 34 should not be taken greater than (4-¢ -V,).
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A, = (#of legs)+ Ay,

__ / _
S T =

d - <— s<min.

R ——
bW = § = G == G == G = G =

Figure 48 — Minimum shear reinforcement in girders, beams, and joists when (¢ -Vc/2<V, < ¢-V,)

Table 23 — Shear reinforcement in girders, beams, and joists, maximum spacing

Required minimum area of
VYalue of factored s . . .
Limiting value of (¢- Vs) shear reinforcementA, Maximum spacing, s
shear, V, o .
within a distance s
V. .
@2‘ >V, not required
(¢V.) 1 b, s _ b,-s ] d/?2
V. )>V, > Ay =—\t —— 2 s <min. of
(oe)> > 16V T T3 S ’ 600 tim
d/2
(Vu_¢'Vc)'S .
2.4V, >4V, sz—d s <min. of {600 r{m
¢ fys 3'Av fy.v /bw
VI z(dV.) d/4
! ‘ (Vu _¢'Vc)'s
4'¢'Vc>¢'V322'¢'VC AVZM—d s <min. of {300 mm
- 3'Av fys /bw
¢V Zht-V, not permitted

10.2.6 Two-way actionshear (punching shear) in solid slabs and footings

10.2.5.1 General

The shearstrength for two-way action shear, or punching-shear, should be investigated at edge$ of columns,
concentrated loads, and supports, and at changes of thickness such as edges of capitals and drop panels.

10.2.5.2 Critical section definition for two-way action shear

The critical sections to be investigated should be located at a distance d/2 so that its perimeter by is a
minimum.

10.2.5.3 Two-way action shear design strength

The design shear strength should be the smallest of the values obtained from Equation 37, Equation 38 and
Equation 39, with ¢ = [0,85]:
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¢~Vn:¢-VC=¢~{1+£] \/Z by -d Equation (37)
B 6
where Bc is the ratio of long side to short side of the column, concentrated load or reaction area,
6V, =V, :¢.{z+“z_’dH%}bo d Equation (38)
0

where as is

40 for interior columns, 30 for edge columns, and 20 for corner columns, and:

14

n
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10.3.11 (
This clause
by a bridgs
variations.

q

s

10.3.1.2

10.3.1.2.1
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describes the deck systems covered by the scope of these guidelines. The deck system em
b designed under these guidelines should be one of .the systems covered or their pe
he selection of an appropriate deck system should be-performed studying several alternativ

lab-on-girder system

Description of the basic system
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A solid
has a
10.3.3

se girders are located in the columnylines or axis, spanning the distance between columns.
orted by the girders. The slab,can cantilever out of the edge beam. In this system the slab
epth than the girders. See Figure 49. For this system the guides for structural integrity of
pmplied with.
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1
2
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Figure 49 — Slab-on-girder deck system
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10.3.1.2.2 Use of intermediate beams

One of the main variations of the system is the use of intermediate beams, supported on the girders. One or
several beams can be employed per span. The intermediate beams can be of the same height of the girders,
or shallower. These intermediate beams can be used in one direction, as shown in Figure 50, or in two
directions, as shown in Figure 51. The use of too many intermediate beams will make the system gravitate to
the joist system, described in 10.3.1.3.

10.3.1.2.3 Advantages of slab-on-girder system

For the slab-on-girder system each component has the appropriate minimum depth and width to comply with
the §trength or serviceability guides; therefore, having a relatively low selfweight. The ’Lsystem can
accommodate spans of any size, can easily be adapted to any plan shape, and large perforatiotps, ducts and
shafts, can be located without major problems.

/

i~

o
<[>
=

|$

0\

Key
1 Elab
2 jirder

3 ntermediate one-difection beam

Figure 50~ Use of one-direction intermediate beams in the slab-on-girder deck system
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ure 51 — Use of two-direction intermediate beams'in the slab-on-girder deck system

oist systems

Description of the basic system

stem consists of a series of parallelribs, or joists, supported by girders. The girders are loc
lines or axis, spanning the distance between columns. A thin solid slab spans the space bg

h not cantilever out of the.edge joist. In this system the joists area usually of the same depth
can have a shallower(depth. The spacing between parallel joists, measured center-to-cente
d not exceed [2,5\times the depth, h, of the joist, nor [1,2] m. The width of the web of th
ot less than [120]2mm at the upper part. The minimum width should not be less than [10
epth of the joist'should be not more than [5] times its average width. See Figure 53. The th
ply with theiminimum thickness guides of 10.3.5.2

ated in
tween

Figure 52. For this system the guides for structural integrity of 10.3.3 should be complied with. The

of the
of the
e joist
D] mm.
n slab
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4
Key
1 {hin top slab
2  joist
3 pdge joist
4 pirder or beam
Figure 52 — Jaoist deck system
s<25h s<25h
s<42m™ | s<12m
h e <5 baverage %
> 120 mm bw =b average ‘—l_l‘z 100 mm
Figure 53 — Joist section dimension guides

10.3.1.3.2 Type of formwork

When the joists have the same depth of the girders, a flat formwork decking supported on shores, is employed.
Joist shallower than the girders, may require more elaborate formwork. In order to create the voids,
permanent and removable pans, or domes; of different shape and material are employed. Among those more
popular are: permanent and removable wood pans, removable pans made out of metal, fiberglass, plastic or
styrofoam, or permanent cement, cinder or clay filler blocks.
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Distribution ribs

In joist systems that span in only one direction, in order to avoid that a concentrated load be carried by just
one joist, transverse distribution ribs should be employed with spacings of no more than 10 times the total

depth, h, of

the joist, without exceeding 4 m. See Figure 54.

Key

1 distribu

10.3.1.3.4

The joist sy
small perfd
deflection g
spacing bet
allowing thd

10.3.2 Crit

The structy
presented i
into accoun

ion rib

Figure 54 — Distribution ribs

Advantages of joist systems

stem can accommodate medium to large spans, with relatively low selfweight. It is easy to
rations, ducts and shafts.\.For heavy live loads or large permanent loads, the servic
uides can easily be accommodated because of the relatively high depth of the system. Th
ween joists is a tradeoff between a thinner top slab and requiring a larger amount of joist
designer great freedom in the choice of appropriate dimensions.

eria for the selection of the deck system

ral designer should select a deck system from the systems covered by these guidelin
n 10.3/1 Several alternatives should be studied and the final selection should be performed
L the merits of each of them in terms of:

locate
pability
b clear
5, thus

es, as
taking

a) the

b)

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

ratio between them,

c) the
d) the
e)
defl
80

presence of cantilevers, and their maximum span and direction,

available material strengths, both for concrete and reinforcing steel,

ection criteria,

the geometry of the structural plan layout, specially the span lengths in both plan directions, and the

the expected behavior of the slab system, and the adequacy to comply with the serviceability and
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f)  the amount of materials -concrete, steel and formwork - required to build the deck system, taking into
account that the deck system is probably responsible for the majority of the materials employed to
build the structure,

g) local tradition in deck system construction plays an important role in the selection, and following it
might simplify construction coordination,

h) workmanship training and proficiency should affect the selection, thus avoiding systems that require
more training and proficiency than what the local workers can comply with, and

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

S dad babaoyvioe ana oofat,, oFf th o oy od o
CAMNTUICU VUTTIAVIUD Aallu odiTly UT UTC Oy otlTITI.

10.3.3 Guides for structural integrity

10.3.3.1 General

The following should constitute minimum guides for improving the redundancy-and’ductility of the structure as
a whole, in order for it to be able to be functional in the event of damage tosa'major supporting glement or an
abnofmal loading event, by confining the damage to a relatively small area and maintaining overall stability.

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

A ring of beams should be provided linking the perimeter columns and structural concrete |walls of the
strucjure, even when girders in slab-and-girder systems and*joist systems are required for suppaqrt of the slab
or joists only in one direction in plan. These perimeter_beams, or girders, should have a minimum area of
continuous top and bottom longitudinal reinforcement,“tied with closed stirrups. This reinforcgment should
always be lap-spliced using the minimum lap spliced length of 9.5.2.

10.3.3.3 Other beams and girders
All beams and girders, except the perimeter girders guide by 10.3.3.2 should have closed sfirrups and a

minimum area of continuous bottom longitudinal reinforcement, as required by 10.5.4.5 This reinforcement
should always be lap-spliced, at or close to the supports, using the minimum lap splice length of 9.5.2.

10.3.8.4 Joists
In joists at least one bottam bar should be continuous over the support or should be spliced th¢re using the

minimum lap splice length of 9.5.2, and at not continuous supports should be terminated with a standard hook.
See 10.5.4.5.

10.3.4 Slab ohe-way and two-way action and load path

10.3.|4.1 General

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

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

a) has two opposing free edges, without vertical support, and has girders or beams along the full length
of the edge, that provide vertical support in the other two opposing edges,
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b)
edg

c) hav

es, and the long slab span is greater than twice the short slab span, or

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

10.3.4.3 Two-way action

the slab panel has a rectangular plan shape, has girders, or beams, that provide vertical support in all

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, or beams along the full length of the edges, that provide
vertical support in all edges, and the long slab span is less or equal than twice the short slab span.

10.3.4.4

—

la

'y
ul

Based on the way the slab works, an approximate load path should be identified. The approximate lo3g

should be
preliminary
supporting
of each of t

10.3.5 Min

10.3.5.1 (

used to assigning tributary load to all slab-supporting elements, and also in- abtaini
dimensions of the slab and the supporting elements. The load path and the tributary load
blements should be verified, and corrected as needed, during the design and,dimensioning
he structural elements.

mum allowable depth of the deck system elements

beneral

The following minimum allowable depth for elements of the deck system should be considered suffig

meet the o
deflections

q

s

10.3.5.2

The top thin
mm, when |

The slab m
should be t
m, it should

erviceability limit state, thus providing enough stiffness 'to the element to avoid unde
caused by the dead and live loads.

olid one-way slabs supported by girders, beams or joists

slab should have a minimum thickness of /20, (I = span length), but should not be less th
bermanent concrete or clay filler blocks.are’employed, nor less than [50] mm in all other casq

nimum thickness, h, should not be. less than the values given in Table 24, where the span Ig

bken as the center-to-center distance between supports, except that when the span is less
be permitted to take | as the€lear span.

Table 24 —)Minimum thickness, h, for one-way solid slabs

Continuity-across the supports Minimum thickness, h

Simply'supported

d path
ng the
on the
stage

ient to
sirable

hn [45]
S.

ngth I,
than 3

20

; l

Onhe end continuous =
B /

Both ends continuous 3

Cantilever

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

The girder, or beam, or one-way joist minimum thickness, h, should not be less than the values given in Table
25, where the span length |, should be taken as the center-to-center 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 25 — Minimum thickness, h, for girders, beams, and one-way joists

Continuity across the supports Minimum thickness, h

Simply supported

One end continuous —

18,5
: I

Both ends continuous ol
: /
Cantilever 3

5.4 Two-way slabs supported by girders or beams

Mminimum allowable depth of two-way slabs, including two-way joist and”waffle-on-bea
brted by girders, or beams in all edges of the panel, should be as given’in Equation 40,
should be nor less than 120 mm for spans, |,, greater than 3 m, and. should not be less tha
5, |, less or equal to 3 m.

I
(= L b
30438

Whele the span length |,,, should be taken as the clear span-in the long direction, measured face-

supp
desig

depth

10.3.

Initia
shou
trial ¢
joists
Thes

stren
shou

10.4

10.4.

brting beams, and B is the ratio of long clear span toshort clear span of the slab panel. The
n of two-way slabs-on-girders of this guideline guide that the supporting girders or beams s
not less than three times the slab thickness-(see 10.4.8.1).

b Initial trial dimensions for the deckisystem
trial dimensions should be defined-for all the elements of the deck system. These initial trig
d be assigned using the minimum depth or thickness, h, given in 10.3.5. For beam and gird

vidth, b,,, should be taken as\one half of the depth, h, of the element but not less than 200
should be defined using the minimum width dimensions given in 10.3.1.3.1.

gth limit state ags ‘the’ definite design proceeds. The selfweight calculated using the initial tr
d be corrected,as’ modifications to the dimensions are introduced during the design process.

Solid slabs supported on girders, beams, or joists

1 -General

ms systems,
and for solid
n 100 mm for

Fquation (40)

o-face of the
brocedure for
hould have a

| dimensions
ers the initial
mm, and for

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

al dimension

The design of one-way and two-way solid slabs supported by girders, beams, or joists in their edges should
be performed employing the guides of present 10.4. Guides for the top thin solid slab that span between joists

are a

Iso included.

10.4.2 Design load definition

10.4.2.1 Loads to be included

The design load for solid slabs supported on girders, beams, or joists, should be established from the
requirements of 8. The gravity loads that should be included in the design are:
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Dead loads: selfweight of the structural element, flat non-structural elements, standing non-structural elements,
and fixed equipment loads, if any.

Live loads.

Rain load and snow load, should be employed.

10.4.2.2 Dead load and live load

The values of qq for dead load and q; for live load should be in N/m?. qq should include the selfweight of the
solid slab, at 25 N/m? per mm of thickness, and the weight of the flat and standing non-structural elements

also in N/m

10.4.2.3 H

The value ¢
8.9.1.

10.4.3 Details of reinforcement

10.4.3.1 (

For the pur
described 4

q

s

10.4.3.2

10.4.3.2.1

Reinforcem
be provided

10.4.3.2.2
Shrinkage

perpendicu
reinforcemgq

10.4.3.2.3

Shrinkage and temperature reinforcement should comply with the minimum reinforcement steel ratio

9.6.2.1

. Live load should be determined as guide by ¢.5. Snow loads should be Included, It approp

actored design load

f the factored design load, q, in N/m?, should be the greater value obtained in.the combir

seneral

poses of the present guidelines, the reinforcement of solid, slabs-on-girders should be of thg
nd should comply with the guides of 10.4.3.2 to 10.4.3.7.

hrinkage and temperature reinforcement

Description

ent for shrinkage and temperature stresses normal to the flexural reinforcement of the slab
in slabs-on-girders where the flexural(reinforcement extends in one direction only.

Location
hnd temperature reinforgement should be located on top of the positive flexural reinforg

ar to it, except in on, roof slabs where it should be located under the negative f
nt perpendicular to it.

Minimum reinforcement area

10.4.3.2.4

iate.

ations

types

should

ement
exural

Pt of

Maximum and minimum reinforcement spacing

Shrinkage and temperature reinforcement should not be spaced further apart than guide by 9.4.14, nor should

it be placed

10.4.3.2.5

closer than guide by 9.4.9.

Reinforcement splicing

It should be permitted to lap-splice shrinkage and temperature reinforcement at any location. The splice length

should com

84

ply with 9.5.2.

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=97397f3855bb06f3afb3890cf290b403

ISO 28842:2013(E)

10.4.3.2.6 End anchorage of reinforcement

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

10.4.3.3 Positive flexural reinforcement

10.4.3.3.1 Description

Positive flexural reinforcement should be provided in the lower part of the slab section, as guide in present
10.4, and should comply with the general guides of 10.4.3.3, and the particular guides for each slab type as
set fgrth in 10.4.4 to 10.4.8.

10.4.3.3.2 Location
Posit|ve flexural reinforcement should be provided parallel to the short span in one-way solid slaljs-on-girders,
and ip both directions in two-way-slabs. Positive flexural reinforcement should be‘located as clos¢ as concrete
cover guides permit (see 9.4.4.1) 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 flexdral reinforcement. The amount of

positive flexural reinforcement should be that required to resist the factored positive design mpment at the
sectipn.

10.4.3.3.3 Minimum reinforcement area

Positjve flexural reinforcement should have an area at least equal to the area guide by 9.6.2.2.

10.4.3.3.4 Maximum reinforcement area

Positjve flexural reinforcement area should not exceed the values set forth in 9.6.2.3.

10.4.8.3.5 Maximum and minimum reinforcement spacing

Positjve flexural reinforcement should not be spaced further apart than required by 9.4.13, nor should it be
placgd closer than permitted by 9.4:9:

10.4.3.3.6 Cut off points
It should be permittedto~suspend at the locations indicated in 10.4.6 to 10.4.8 for each slab type, no more

than |one-half of thé positive flexural reinforcement required to resist the corresponding factored design
positive moment_ atimid-span.

10.4.8.3.7 _‘Reinforcement splicing

It shquldhbe permitted to lap-splice the remaining positive flexural reinforcement between the cutioff point and
the opposite face of the support.

10.4.3.3.8 Embedment at interior supports

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

10.4.3.3.9 End anchorage of reinforcement
Positive flexural reinforcement perpendicular to a discontinuous edge should extend to the edge of the slab

and should end with a standard hook in the girder, beam, or structural concrete wall that provides support at
the edge.
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10.4.3.4 Negative flexural reinforcement

10.4.3.4.1

Description

Negative flexural reinforcement should be provided in the upper part of the slab section, at edges and
supports, in the amounts and lengths required in present 10.4, and should comply with the general guides of
10.4.3.4, and the particular guides for each slab type as set forth in 10.4.4 to 10.4.8.

10.4.3.4.2

Location

Negative flexural reinforcement should be provided perpendicular to edge and intermediate supporting

girders,

beams, and structural concrete walls. Negative flexural reinforcement should be located as close as-cgncrete
cover guidegs permit (see 9.4.4.1) to the upper surface of the slab. In two-way systems the short span.negative
flexural reinfforcement should be located above the long span negative flexural reinforcement. The’amunt of
negative flgxural reinforcement should be that required to resist the factored negative designymoment| at the
section.

10.4.3.4.3 |Minimum reinforcement area

Negative flgxural reinforcement should have an area at least equal to the area guide by 9.6.2.2.

10.4.3.4.4 |Maximum reinforcement area

Negative flgxural reinforcement area should not exceed the values setforth in 9.6.2.3.

10.4.3.4.5 |Maximum and minimum reinforcement spacing

Negative flexural reinforcement should not be spaced further apart than guide by 9.4.13, nor should it be
placed closer than permitted by 9.4.9.

10.4.3.4.6 |Cut off points

It should be permitted to suspend all the' negative flexural reinforcement, except for cantilevers, |at the
locations ingdicated in 10.4.6 to 10.4.8 forseach slab type. Where adjacent spans are unequal, negative flexural

reinforcems

nt cut-off points should be-based on the guides for the longer span.

10.4.3.4.7 |Reinforcement splicing

It should npt be permitted to lap-splice negative flexural reinforcement between the cut-off point apd the
support.

10.4.3.4.8 |End anchorage of reinforcement

Negative fl hndard

Xural reinforcement perpendicular to a discontinuous edge should be anchored with a st
hook into thLdﬁ_b—t_t_l—t_n'ﬂTl—dﬁt_l‘m—l_e €dge girder, beam, or structural concrete wall that provides support at the edge, complyir

g with

the anchorage distance guide by 9.5.3. At the external edge of cantilevers negative flexural reinforcement
perpendicular to the edge should end in a standard hook. It should be permitted to place the hook horizontally.

10.4.3.5 Shear reinforcement

The design procedures for slabs prescribed by these guidelines do not require the employment of transverse
reinforcement in slabs. The procedures for design of transverse or shear reinforcement in slabs are beyond
the scope of these guidelines.
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10.4.3.6 Corner reinforcement

Special top and bottom slab reinforcement, in addition to other reinforcement, should be provided at exterior
corners of the slab, different from cantilevers, for a distance equal to one-fifth of the longer clear span of the
slab panel (see Figure 55), The amount of reinforcement, top and bottom, should be sufficient to resist a
moment equal to the maximum positive factored design moment, per meter of width, in the slab panel, in
accordance with 10.4.3.6.1 and 10.4.3.6.2.

10.4.3.6.1 Top corner reinforcement

Special reinforcement parallel to the diagonal of the panel should be placed in the top of the slab. This
reinfgrcement should be anchored with a standard hooK at the supporting girders, beams.

10.4.3.6.2 Bottom corner reinforcement

Spedal reinforcement perpendicular to the diagonal of the panel should be placedcn-the bottom of the slab.
This feinforcement should be anchored with a standard hook at the supporting girders; beams.

1
lp/5 /
AN

Key

—_

pirder orbeam

Corner, top reinforcement

[T ot 4
UVITICT DULWUINTT TTITTTUTUCTITITTIU

AowWN

slab panel diagonal

Figure 55 — Special slab corner reinforcement

10.4.3.7 Practical considerations for the value of dc and d to employ in solid slabs

The determination of the distance from extreme tension fiber to centroid of tension reinforcement, [d¢], should
include the appropriate concrete cover from 0, the bar diameters employed, and the existence of
reinforcement in the perpendicular direction placed between the reinforcement under study and the concrete
surface. It should be permitted to use the following values of d. to compute d as d = h-d.. For one-way slabs
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and for the reinforcement in the short direction in two way slabs, d. = 40 mm for internal exposure and d. = 60 mm
for external exposure. For reinforcement in the long direction of two-way slabs, d. = 55 mm for internal
exposure and d. = 75 mm for external exposure.

10.4.4 Top

10.4.4.1

thin solid slab that spans between joists

Dimensional specifications

The thin solid slab that spans between joists should comply with the minimum thickness guides of 10.3.5.2.
The top thin slab should not be permitted to cantilever out of the edge joist (see 10.3.1.3.1).

10.4.4.2 H

The factore
spans betw
between joi

My

M

10.4.43 H

The flexurd
Equation 23
10°- N - m
made great
reinforcing

should me¢|

Key
top thin

slab

actored flexural moment

een joist in joist construction should be calculated using Equation 41, where |; isither clear s
5ts in m and g, should be employed in N/m®. See Figure 56.

2
-_ 9u 'lj

1
Y2

Equatig

einforcement

or Equation 24, with the value of M, obtained from Equation 41, convertedto N - mm (1 N -
m/m), using d in mm as one-half the thickness of th&’thin slab, and b = 1 000 mm. p shg
er or equal to the shrinkage and temperature ratio prescribed in 9.6.2.1. See Figure 56.The fi
bar spacingshould meet the guides of 9.4.13.-The reinforcement parallel to the joist di
t the guides of 10.4.3.2.1.

slab

d flexural moment, M, in N - m/m, for negative and positive flexural moment in the thin slab that

pacing

bn (41)

| reinforcement ratio p, perpendicular to the joist direction should be determined employing

m/m =
uld be
exural
rection

A W N

negative and positive flexural reinforcement

shrinkage and temperature reinforcement

Figure 56 — Reinforcement of the thin solid slab that span between joists

10.4.4.4 Shear strength verification

The factored shear V,, in N/m, for the thin slab that span between joists in joist construction should be
calculated using Equation 42, where |; is the clear spacing between joists in m and q, should be employed in
N/m?. See Figure 56.
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y, =2u Equation (42)

The design shear strength ¢ - V,,, in N/m, should be calculated using Equation 33, with d as
thickness of the thin slab, in mm, and b,, = b =1 000 mm. Equation 31 should be complied with.

10.4.4.5 Calculation of the reactions on the joists

one-half the

Factored uniformly distributed reaction on the supporting joists r,, in N/m, should be the value obtained from

Equation 43, where V, is the factored shear from 10.4.4.4, in N/m, | is the center-to-center spacin
in m, and |; is the clear spacing between joists, also in m.

g of the joist,

u = f

10.4.6 Cantilevers of slabs supported on girders, beams

10.4.5.1 Dimensional specifications

Fquation (43)

Solid| slab cantilevers spanning out of the edge girder or beam should_comply with the minimyim thickness

guidgs of 10.4.5.2. The cantilever span should not exceed the limjtsof 6.1. No openings for dU
should be permitted in the internal one-half span of the cantilever. It should be permitted fo
cantilever in two directions at corners, with the same limitations_for single cantilevers. The thin
spans between joists should not cantilever out of the edge joist.

10.4.5.2 Factored negative flexural moment

The factored negative flexural moment, M,, for slab-Cantilevers that span out of the edge suppd
beams should be calculated supposing that~one-half of the distributed factored load, q
concentrated load at the tip of the cantilever,jand the other one-half acts as uniformly distributed
full span, using Equation 44, but it should ‘not be less than the factored negative flexural mome|
interipr span at the exterior supporting gisder, beam or structural concrete wall, nor less than on
positive flexural moment, in the same direction, of the first interior span. See Figure 57.

3.q,1n
i, == [

where |, should be theZlear span of the cantilever in m, g, should be employed in N/m? and M

obtained in N-m/m

cts or shafts
r the slab to
top slab that

rting girders,
, acts as a
oad over the
nt of the first
e-third of the

Fquation (44)

should be

u
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qU
Z"h
Key
1 concen
2 uniform
3 cantilev
4 momen

rated load
load
er clear span

[ diagram

Figure 57 — Calculation of negative moment atslab cantilevers

10.4.5.3 Reinforcement

10.4.5.3.1

The negatiy
Equation 23
=10°N mm
should com
for the reinf
panel at the

Negative flexural reinforcement

or Equation 24, using the value of Mobtained from Equation 44, converted to N mm/m (1
/m), with the appropriate value of din\mm, and b = 1 000 mm. The negative flexural reinforg
ply with 10.4.3.4. This reinforcement should be anchored in the first interior span not less
orcing bar (see 9.5.1), nor the distance required for the negative reinforcement of the interi
edge support. See Figure 58)

7

e flexural reinforcement ratio, p, in the direction of the cantilever should be determined employing

N m/m
ement
than Iy
br slab

Key

1 shrinkage and temperature reinforcement

A~ 0N

90

negative cantilever reinforcement
minimum positive reinforcement

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

Figure 58 — Reinforcement for slab cantilevers
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10.4.5.3.2 Positive flexural reinforcement
A minimum amount of positive flexural reinforcement with an area greater or equal to the shrinkage and

temperature reinforcement, complying with the guides of 10.4.3.2 should be provided in the direction of the
cantilever. See Figure 58.

10.4.5.3.3 Shrinkage and temperature reinforcement

Reinforcement parallel to the edge of the cantilever complying with 10.4.3.1 should be provided. See Figure 58.

10.4.5.3.4 Reinforcement of two-way cantilevers

At corners where the slab cantilevers in two-directions, the negative flexural reinforcemeént should be
calculated for the larger span cantilever, using the guides of 10.4.5.3.1. This reinforcement-shoyld be placed
in both directions (see Figure 59), for a distance measured from the corner equal to the) cantilever clear span
plus two times the larger cantilever span, but not less than the distance requiredyfor the neggptive flexural
reinfgrcement of the first interior span plus the cantilever span. Reinforcement as-guide by 10.4{5.3.2 should
be placed in both directions.

14\ 2
3l

1

Ina+2lnb 3

-
Inb

L
Key
1 {wo-way-cantilever negative reinforcement
2 smaller'cantilever span
3 Sirder—beam-or-wal
4 one-way negative cantilever reinforcement
5 larger cantilever span
6 one-way negative cantilever reinforcement

Figure 59 — Negative flexural reinforcement in two-way slab cantilevers
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10.4.5.4 Shear verification

The factored shear V,, in N/m, at the support of cantilever slabs should be calculated using Equation 45,

where |, sh

Vi=9,

ould be the clear span of the cantilever in m, and q, should be employed in N/m?.

Equation (45)

For two-way cantilevers the value of V, should be taken as twice the value obtained from Equation 45 using
the larger cantilever span.

The design shear strength ¢ -V,, in N/m, should be calculated using Equation 33 with the appropriate value of

d in mm, arjd b = T000 mm. Equation 3T should be complied with.
10.4.5.5 Calculation of the reactions on the supports
Uniformly djstributed factored reaction on the support of the cantilever r,, in N/m, should be)the value ohtained
from Equaﬂon 46, where V, is the factored shear from 10.4.5.4, in N/m, | is the span of the cantilever
measured fiom the centerline of the supporting element, in m, and |, is the clear span of the cantilever, algo in m.
Vi1 .
r, =—4— Equation (46)
l"}'l

Where two4way cantilevers exists it should be permitted in the calculation of the value of R, to use Equation

26 employir
10.4.6 One

10.4.6.1 [

One-way of

appropriate
and the par

10.4.6.2 H

The factore
calculated

g the value of V, obtained from Equation 45 for the larger.cantilever span, without doubling
-way one-span solid slabs spanning between girders or beams

Dimensional specifications

e-span solid slabs should comply with the-minimum thickness guides of 10.3.5.2. In addition
guides of 10.4.6 these slabs should comply with the general dimensional guides set forth
icular guides of 10.3.1.2 for slab-an-girder systems.

actored flexural moment

d positive and negative\flexural moment, M,, in N - m/m, for one-span one-way slabs shqg
sing the Equations.@iven in Table 26.

Table’26/— Factored flexural moment for one-way, one-span slabs

Positive)moment:

9y .131 Equation (47)

8

M+

u

t.

to the
in 6.1,

uld be

Negative moment at supports:

y- ,131 Equation (48)
, =i
24

10.4.6.3 Longitudinal flexural reinforcement

10.4.6.3.1

Positive flexural reinforcement

The positive reinforcement ratio, p, in the direction of the span |, should be determined employing Equation
23 or Equation 24, with the value of M, obtained from Equation 47 converted to N - mm (1 N -m/m = 10> N -

92
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mm/m), using d in mm, and b = 1 000 mm. This reinforcement should comply with the guides of 10.4.3.3. In
those cases in which the slab is cast monolithically with a supporting girder or beam, and the supporting
element has a depth at least three times greater than the depth of the slab, it should be permitted to suspend
up to one-half of the positive flexural reinforcement at a distance equal to |,/8 measured from the internal face
of the supports into the span. See Figure 60.

. o

|[| . e L)
L 0 mm — L]
Im/8 Im/8

o/
-

A

- =

Key

1 hegative flexural reinforcement

2 bhrinkage and temperature reinforcement

3 negative flexural reinforcement

4 positive flexural reinforcement

5 bositive flexural reinforcement suspension, only if slab built monelithically with support at least threq times deeper

than slab

Figure 60 — Reinforcement for one-span one-way slabs

10.4.6.3.2 Negative flexural reinforcement

The negative flexural reinforcement ratio,'p, in the direction of the span |, should be determingd employing
Equation 23 or Equation 24, with the value of M, obtained from Equation 48 converted to N - mm (1 N m/m

= 107- N -mm/m), using d in mpr;yand b = 1 000 mm. This reinforcement should comply with {he guides of
10.4.3.4. At a distance equal fo,1m/4 measured from the internal face of the supports into the [span, all the
negative flexural reinforcement should be permitted to be suspended. See Figure 60.

10.4.6.3.3 Shrinkage-and temperature reinforcement

The [reinforcement: perpendicular to the span should meet the guides for shrinkage and |temperature
reinfgrcementof)10.4.3.2. See Figure 60.

10.4.6.4" “Shear verification

The factored shear, V,, in N/m, for the one-span one-way slab should be calculated at the face of the supports
using Equation 49, where Im is the clear span in m and q, should be employed in N/m?. See Figure 60.

y, =-+-"" Equation (49)

The design shear strength, ¢ - V,, in N/m, should be calculated using Equation 33, with d in mm, and b,, = b
=1 000 mm. Equation 31 should be complied with.
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10.4.6.5 Calculation of the reactions on the supports

Uniformly distributed factored reaction on the supports of one-way one-span slabs, r, in N/m, should be the
value obtained from Equation 49 plus the uniformly distributed reaction from any cantilever spanning from that
support. In Equation 50 V, is the factored shear from 10.4.6.4, in N/m, | is the center-to-center span of the slab,
in m, and |,, is the clear span of the slab, also in m.

Wy ol Equation (50)

10.4.7 One-way solid slabs supported on girders or beams, with two or more spans

10.4.7.1 Dimensional specifications
One-way sglid slabs with two or more spans should comply with the minimum thickness guidés of 10.3/5.2. In
addition to the appropriate guides of 10.4, slabs should comply with the general Dimensional\specifications set
forth in 6.1,]and the particular guides of 10.3.1.2 for slab-on-girder systems.

The following restrictions should be in effect for slabs designed under 10.4.7:

a) thdre are two or more spans,

b) thg spans are approximately equal, with the larger of two adjacent.spans not greater than the shorter
by Imore than 20 per cent (see 6.1),

c) loads are uniformly distributed,
d) unit live load, gl, does not exceeds three times unit-dead load, q4, and

e) for| negative moment evaluation at internal ;supports, |, should correspond to the largest |of the
neighbouring spans.

10.4.7.2 Hactored flexural moment
The factored positive and negative flexural moment, M, in N -m/m, for one-way slabs should be calqulated
using the Bquation 51, Equation 52 /Equation 53, Equation 54, Equation 55, and Equation 56 for slalps with
two or morg spans.

Positive moment

at end span

[

M=

M T Equation (51)

at interior spans:

72
M) :% Equation (52)

Negative moment at supports at interior face of external support
My =du Equation (53)

at exterior face of first internal support, only two spans
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2
qu 'ln
u

9

at faces of internal supports, more than two spans

M, =T

Qu'lz

10

at faces of all supports for slabs with spans not exceeding 3 m:

12

10.4.

10.4.

The |
23 or
N - m
with
supp
susp

10.4.

The
Equ
conv:
shou
corre
the n
equa
reinfq

10.4.

The
reinfd

!

Tu_°n

12

V(, = [

u

7.3 Longitudinal flexural reinforcement

7.3.1 Positive flexural reinforcement

positive reinforcement ratio, p, in the direction of the span I,,, should be-determined employ
Equation 24, with the appropriate value of A/, obtained from Equdtion 51 or Equation 52,

m/m (1 N -m/m = 10° N -mm/m), using d in mm, and b = 1 00@,mm. This reinforcement s
he guides of 10.4.3.3. At internal supports, at a distance equal*to |,,/8 measured from th
brts into the span, up to one-half of the positive flexural{reinforcement should be pern
bnded. See Figure 61.

7.3.2 Negative flexural reinforcement

ion 23 or Equation 24, with the appropriate value of M, obtained, from Equation 53, to

prted to N -mm/m (1 N -m/m = 10% ‘N {mm/m), using d in mm, and b = 1 000 mm. This 1
d comply with the guides of 10.4.3:4.-At internal supports, at a distance equal to |,,/3, wh
spond to the largest of the neighbaoring spans, measured from the face of the support into
egative flexural reinforcement should be permitted to be suspended. At external supports,

rcement should be permitted’to be suspended. See Figure 61 and Figure 62.

7.3.3 Shrinkage and temperature reinforcement

reinforcementy perpendicular to the span should meet the guides for shrinkage and
rcement of40:4.3.2. See Figure 61 and Figure 62.

Equation (54)

Equation (55)

Fquation (56)

ing Equation
converted to

hould comply
e face of the
mitted to be

egative flexural reinforcement ratio, p, in the direction of the span, Im, should be determin¢d employing

Equation 56,

einforcement
ere |, should
the span, all
at a distance

to /4 measured from therinternal face of the support into the span, all the negative flexural

temperature
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negativ
negativ
negativ
shrinka
greater
minimu
positive

positive

Figure 61 — Reinforcement for two-span 6ne-way slabs supported by girders or beams

b reinforcement at interior face of external support

b reinforcement interior support for two spans

je and temperature reinforcement

m cantilever positive reinforcement
reinforcement interior span

reinforcement end span

b reinforcement cut-off points should be based upon greater of the two neighboring spans

negative reinforcement from that required for the external supportor for the cantilever
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)

Key
1 hegative reinforcement at interior face of external support

hegative reinforcement cut-off points should be based upon greater of the two.neighboring spans
negative reinforcement at faces of internal support more than two spans

hegative reinforcement cut-off points should be based upon greater of the two neighboring spans
hegative reinforcement at interior face of external support

bositive reinforcement end span

bhrinkage and temperature reinforcement

hositive reinforcement interior span

© 00 N oo o b~ W DN

positive reinforcement end span

Figure 62 — Reinforcement one-way slabs supported by girders or beams, or structural{concrete
walls, with three or more spans

10.4.7.4 Shear verification

The factored shear, V,,dn-N/m, for the slab should be calculated at the faces of all suppofts using the
Equation 57 and Equation 58, where |, is the clear span in m and q, should be employed in N/m?. Figure 61
and Figure 62.

at exferior face-effirst interior support

qu 'lm I

V<415 o Fquation (57)

at faces of all other supports
y = dulm Equation (58)

The design shear strength, ¢-V,, in N/m, should be calculated using Equation 33, with d in mm, and b,, =
b =1 000 mm. Equation 31 should be complied with at all faces of supports.
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10.4.7.5 Calculation of the reactions on the supports

Uniformly distributed factored reaction on the support contributed by any span of one-way slabs, r,, in N/m,
should be the value obtained from Equation 59, where V, is the factored shear from 10.4.7.4, in N/m, | is the
center-to-center span, in m, and |, is the clear span, also in m.

Equation (59)

Total factored uniformly distributed reaction on the external supports should be equal to the value of the
factored uniformly distributed reaction from the span, r,, obtained from Equation 59 at the support, plus the

uniformly di
reactions o
using Equa

10.4.8 Twd

10.4.8.1 [

Two-way sd
10.3.5.4. In
Dimensiong

The followin

a) the

b) theg

by

c) the

de

d) log

e) uni
The slab p4

Stributed reaction of any canfilever spanning from that support. Total factored uniformly dist
n internal supports should be the sum of the factored uniformly distributed reactions, rg, of
ion 59 for both neighbouring spans at that support.

-way solid slabs spanning between girders, or beams

D)imensional specifications

lid slabs having girders, beams in all edges should comply with thekminimum thickness gu
addition to the appropriate guides of 10.4, two-way slabs shoeuld comply with the g

I

| specifications set forth in 6.1, and the particular guides of 10.3xK2 for slab-on-girder systen
g restrictions should be in effect for the use of the procedure of 10.4.8.1:
re are two or more spans,

spans are approximately equal, with the largerof two adjacent spans not greater than the
more than 20 per cent of the larger (see 6.1),

supporting girders or beams should be_cast monolithically with the slab and should have
bth not less than 3 times the slab thickness,

ds are uniformly distributed, and
t live load, q;, does not exceeds three times unit dead load, qq.

nel should be divideds,in both directions, into central and border regions. The central region

be the central half of the panelyand the border regions should be two one-quarter regions adjacent o

sides of the,

central region.<See Figure 63.

ibuted
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des of
eneral
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a total
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border region

Figure 63 — Central and border regions fortwo-way slabs supported on girders or beams$ Factored
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flexural moment

factored positive and negative moment, M,, for two-way solid slabs should be calculat
dure set forth in 10.4.8.2. The\negative and positive factored flexural moment for the cen

I edge panels with the short span at the edge, in Table 27 for edge panels with the long spa
n Table 28 for corner_panels. In each table the values of the factored flexural momen
hed for the appropriate ratio, B, of long clear span, I, to short clear span, I,, and the corresg
huity conditionse

hegative moment at discontinuous edges should be one-third of the positive moment
ion. See.Figure 64.

bd using the
tral region of

pnel, in each direction, should be calculated using the Eqgs. given in Table 26 for central pafels, in Table

h at the edge,
ts should be

onding edge

in the same
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Figure 64 — Negative moment at discontinuous edges of two-way solid slabs-on-girders

It should bg
of this valud

negative moment at discontinuous edge

moment diagram
end slap span

discontinuous edge

permitted to decrease the moment strength values at the edge of the central regions, to one-third
at the edge of the panel, as shown in Figure 65for moments in the short directions, and in|Figure
66 for moments in the long direction.

Key

1 variation of M'a along Ib

2 variation of M'a along la

N
3 variation of Mg along Ib

Figure 65 — Variation of moment M, across the width of critical sections for design,

100

for two-way slabs supported on girders, beams

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=97397f3855bb06f3afb3890cf290b403

ISO 28842:2013(E)

Key
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3 ariation of M, along la

Figure 66 — Variation of moment, M, across the width of critical sections for design,
for two-way slabs supported on girders or beams

10.4.8.2 Longitudinal flexural reinforcement

10.4.8.2.1 Positive flexural reinforcement

In the central region of the(slab panel the positive flexural reinforcement should be determined based on the
valugs of the factored pasitive flexural moment obtained from the appropriate Egs. of Table 27|to Table 30.
The positive flexural steel ratio, p, for reinforcement parallel to the short span |, or the long span|l,, should be

determined using €quation 23 or Equation 24 for the corresponding value of M, or M7 in N - m/m. M} and

M; should be converted to N mm/m (1 N - m/m = 10*- N - mm/m), using d in mm and b = 1/000 mm. Al

guidgs for.pasitive flexural reinforcement of 10.4.3.3 should be met. At a distance equal tp 1./8 or |,/8
meagured from the face of any interior support, it should be permitted to suspend up to one-half gf the positive
flexuralkfeinforcement required at the center of the corresponding span. No suspension of positive flexural
reinforcement perpendicular to a discontinuous edge should be permitted. It should be permitted to decrease
gradually 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 67.

10.4.8.2.2 Negative flexural reinforcement

At the supporting edges of the central region of the slab panel the negative flexural reinforcement should be
determined based on the values of the factored negative flexural moment obtained from the appropriate Egs.
of Table 27 to Table 30. The negative flexural steel ratio, p, for reinforcement parallel to the short span I,, or

the long span I, should be determined using Equation 23 or Equation 24 for the corresponding value of M,

or M; inN-m/m. M, and M; should be converted to N - mm/m (1 N - m/m = 10>- N - mm/m), using d in
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mm and b = 1 000 mm. All guides for negative flexural reinforcement of 10.4.3.4 should be met. At a distance
equal to 1,/5 or I,/5 measured from the face of any interior support, it should be permitted to suspend up to
one-half of the negative flexural reinforcement required at the support, and a distance equal to 1./3 or 1,/3
measured from the face of any interior support, it should be permitted to suspend all the negative flexural
reinforcement required at the support of the corresponding span. It should be permitted to decrease gradually
the negative flexural reinforcement required at the central region from the edge of the central regions, to one-
third of this value at the edge of the panel, but not below the value required for shrinkage and temperature.
See Figure 67.
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Key
1 negative reinforcement at interior face of external support without ‘continuity

negative reinforcement cut-off points should be based upon greater of the two neighboring spans
negative reinforcement at faces of internal supports more than two spans

negative reinforcement cut-off points should be basgd upon greater of the two neighboring spans
negative reinforcement at interior face of externalsupport without conting

positive reinforcement end span

positivel reinforcement interior span

positive reinforcement in the otherdirection (negative reinforcement not shown)

© 00 N O o b~ w N

positivel reinforcement end span

Figure 67=-Reinforcement for two-way slabs supported by girders, beams

10.4.8.3 Sheariverification

the values of the Ioad fract|ons o and o, travellmg in the short and long directions respectively, as given in
Table 27 to Table 30 for the corresponding panel edge conditions and panel span ratio, . See Flgure 68. The
factored shear should not be less than the factored shear caused by factored design load, qu (in N/m?) acting
on a tributary area bounded by 45° lines drawn from the corner of the panel and the centerline of the panel
parallel to the long span. See Figure 69. The factored shear, V,, in N/m, should not be less than the value
obtained from Equation 60 at the short span supporting element.

y, - ";u b o %Ja Equation (60)

and from Equation 61 at the long span supporting element.
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qu'[

Equation (61)

The design shear strength, ¢ - V,, should be calculated employing Equation 33 with b, = b =1 000 mm.
Equation 31 should be complied with. This should be accomplished by using an effective depth d, in mm, for
the slab greater or equal to the largest value obtained from Equation 62, Equation 63, and Equation 64.

d=

3'61u'aa'la

61

Equation (62)

In Eq
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B.4 Calculation of the reactions on the supports
rmly distributed factored reaction on the support contributed by any panel of two-way slabs

Fquation 66.

uation 65 or Equation 66, V, is the corresponding factored shear from Equation 60 or Eq
| is |the center-to-center spanin that direction, in m, and |, and |, are the corresponding cled

factored uniformly, distributed reaction on the external supports of edge panels should be
of the factored wniformly distributed reaction from the panel, r,, at the edge support, 0

Equation 65 or Equation 66 plus the uniformly distributed reaction of any cantilever spanning fron

Total
distri
neigh

10.5

factored uniformly distributed reactions on internal supports should be the sum of the facto
pbuted reactions, r,, obtained using either Equation 65 or Equation 66, as approprig
boringsspans at that support.

uation 62 to Equation 64, q, should be used in N/m?, I, and I, in m, fe iImMPa, and ¢ = [0,85].

Fquation (63)

Equation (64)

ry in N/m, in

hort direction should be the value obtained from Equation'65 and in the long direction the value obtained

Fquation (65)

Fquation (66)

uation 61, in
r spans, also

equal to the
btained from
that support.
red uniformly
te, for both

Girders, beams and joists

10.5.1 General

The design of girders, beams and joists should be performed employing the requirements of present 10.5. The
guides apply to isolated beams, to girders, beams and joists that are part of a deck system.

10.5.2 Design load definition

10.5.2.1

Loads to be included

The design load for girders, beams, and joists should be established from the guides of 8. The gravity loads
that should be included in the design of the element should be divided in tributary loads from other structural
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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 13.

10.5.2.1.1 Tributary loads
The reactions from other structural elements supported by the girder, beam or joist should consider:
a) Dead loads: including the selfweight of the supported structural elements, the loads caused by flat

and standing non-structural elements and the loads from any fixed equipment carried by these
supported elements, and

L
<

b) E Toads applied on the supported elements.
10.5.2.1.2 |Loads carried directly by the beam, girder or joist
Loads carrigd directly by the beam, girder or joist should consider:

a) Deppd loads: including selfweight of the structural element, and the flat and.standing non-strjuctural
elements, and fixed equipment loads, applied directly on the element, and

b) Live loads applied directly to the element being designed.
10.5.2.2 Hactored design load

10.5.2.2.1 |Factored design load for loads carried directly by the element:

a) Fof uniformly distributed loads carried directly by the girder, beam, or joist, the value of the unjformly
disfributed factored design load, w, in N/m, should’be the greater value obtained combining wqland w,
using Table 14 should also be investigated, choesing the greatest value of all nine combinations.

b) For all concentrated loads carried directlyby the girder, beam, or joist, the value of any concentrated

fagtored design load, p,, in N, should.-bé the greater value obtained combining py and p, using Table
14 for each concentrated load locations in the girder, beam, or joist span.

10.5.2.2.2 |Factored 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) Fof 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, pr joist
span.

10.5.2.2.3 |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, w,, from 10.5.2.2.1 and reactions, r,, from 10.5.2.2.2.

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, p,, from
10.5.2.2.1 and reactions, R, from 10.5.2.2.2.
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10.5.3 Details of reinforcement

10.5.3.1 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 10.5.3.2 to 10.5.3.9.

10.5.3.2 Transverse reinforcement

10.5.3.2.1 Description

Trang
longit
inter\
enga
stirru
prese
Figun

10.5.

Stirrd

Key

AowWN

bverse reinforcement for girders, beams, and joists, should consist of stirrups that'-g
udinal reinforcement and are placed perpendicular to the longitudinal axis of the eleme
als along the axis. The stirrup should consist of single or multiple vertical legs. Each vertic
e a longitudinal bar either by bending around it when the stirrup continues, or by the use
b hook (see 9.4.6) surrounding the longitudinal bar at the end of the stirrup, See Figure 6
nt guidelines all stirrups in girders and beams should be closed stirrups with’135° hooks,
e 69 (a). In joists it should be permitted to employ all the stirrup types shown in Figure 69.

3.2.2 Location

p spacing intervals, s, shall comply with 10.2.4.4 (Figure 68).

surround  the
nt at varying
al leg should
pf a standard
9. Under the
as shown in

}\

.
‘§:j

negative flexural reinforcement
Stirrup supporting bars
positive flexuralreinforcement

Stirrup separations

Figure 68 — Typical stirrups spacing along the girder, beam or joist

10.5.3.2.3 Minimum transverse reinforcement area

The minimum area of shear reinforcement, A,, within a distance s, should comply with the guides of 10.2.4.4.
A, corresponds to the product of the area of the bar of the stirrup, A,, multiplied by the number of vertical legs
of the stirrup.

10.5.3.2.4 Maximum and minimum spacing of stirrups

Stirrups should not be spaced further apart than guide by 10.2.4.4, nor should it be placed closer than guide
by 9.4.9.
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(b) (c) (d) (e) ) ©)

Figure 69 — Typical stirrup shapes

(@) (h) )

10.5.3.2.5

It should ng

10.5.3.2.6

Where beains are supported by other girders or beams of similar height, special hanger reinforcement g

should be p

10.5.3.2.7

Stirrups shd
bars in orde

10.5.3.3 H

10.5.3.3.1

Positive fle
required in
each eleme

10.5.3.3.2

Positive fle
reinforcemse
of the girde
factored po
beams, or j
positive flex

Stirrup leg splicing
t be permitted to lap-splice bars that are part of stirrups.

Hanger reinforcement

rovided as guide in 10.5.4.5.4.

Support of stirrups

uld be attached and anchored in the upper part of the‘section to longitudinal negative sup
r to avoid that the stirrups fall during casting of the concrete. See 10.5.3.4.10.

ositive flexural reinforcement

Description

ural reinforcement should be provided in the lower part of the girder, beam or joist sect
present 10.5, and should comply with the general guides of 10.5.3.3, and the particular gui
nt type as set forth in 10.5.4 or\q1:1.

Location

ural reinforcement\should be provided longitudinally in the girder, beam or joist. Positive f
nt should be located as close as concrete cover guides permit (see 9.4.4.1) to the bottom s
[, beams or joist:»The amount of positive flexural reinforcement should be that required to reg
sitive desigfhmoment at the section. Where girders, beams or joists give support to other g
pists, the'\positive flexural reinforcement of the supported element should be placed on top
ural reinforcement of the supporting element.

tirrups

porting

on, as
les for

exural
urface
ist the
irders,
of the

10.5.3.3.3

| Minimum reinforcement area

Positive flexural reinforcement should have an area at least equal to the area guide by 9.6.3.1. The minimum
number of bars guide by 10.5.3.6 should be complied with.

10.5.3.3.4

Maximum reinforcement area

Positive flexural reinforcement area should not exceed the values set forth in 9.6.3.2.

106
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10.5.3.3.5 Minimum and maximum reinforcement spacing

Positive flexural reinforcement should not be spaced closer than guide by 9.4.9 and 10.5.3.5. The maximum
reinforcement spacingshould comply with 10.5.3.6. When two or more layers of positive reinforcement are
employed the layers should not be placed closer than permitted by 9.4.10.

10.5.3.3.6 Cut off points

It should be permitted to suspend, at the locations indicated in 10.5.4.5 or 11.1.5, no more than one-half of the
positive flexural reinforcement required to resist the corresponding factored design positive moment at mid-
span.

10.5.8.3.7 Reinforcement splicing

It shquld be permitted to lap-splice the remaining positive flexural reinforcement from 40,5.3.3.6|between the
cut-off point and the opposite face of the support.

10.5.3.3.8 Embedment at interior supports

Positjve flexural reinforcement suspended at an interior support should be ‘embedded by continuing it to the
oppokite face of the support, plus the distance required to comply with.the’lap splice guide of 9.5.2.

10.5.3.3.9 End anchorage of reinforcement

Posit|ve flexural reinforcement at the end of the girder, beam or joist should extend to the edg¢ and should
end with a standard hook.

10.5.3.3.10 Positive flexural reinforcement actingdn compression

Positjve flexural reinforcement acting in compression should be surrounded with stirrups or tieg that comply
with 9.7.3.

10.5.3.3.11 Minimum diameter of longitudinal reinforcement
Longjtudinal bars of beams and girders should have a nominal diameter, db, of 12 mm or more.
10.5.3.4 Negative flexuratreinforcement

10.5.3.4.1 Description

Negdtive flexural ‘reinforcement should be provided in the upper part of the girder, beam or joist section, at
edgep and.supports, in the amounts and lengths guide in present 10.5, and should comply witl the general
guidgs 0f10.5.3.4, and the particular guides of 10.5.4 or 11.1.

10.5.3.4.2 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 9.4.4.1) to the upper surface
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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Minimum reinforcement area

Negative flexural reinforcement should have an area at least equal to the area guide by 9.6.3.1. The minimum
number of bars required by 10.5.3.6 should be complied with.

10.5.3.4.4

Maximum reinforcement area

Negative flexural reinforcement area should not exceed the values set forth in 9.6.3.2.

10.5.3.4.5

Minimum and maximum reinforcement spacing
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employed t
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xural reinforcement should not be spaced closer than guide by 9.4.9 and 10.5.3.5. The m
nt spacing should comply with 10.5.3.6. When two or more layers of negative reinforcem
ne layers should not be placed closer than permitted by 9.4.10. Negative reinforceméent-of Tj
should comply with 10.5.3.8.1.

Cut off points
permitted to suspend the negative flexural reinforcement, except for Cantilevers, at the lo

10.5.4.5 or 11.1.5. Where adjacent spans are unequal, cut-off points of negative f
nt should be based on the guides for the longer span.

Reinforcement splicing

bt be permitted to lap-splice negative flexural reinforcement between the cut-off point a

End anchorage of reinforcement

xural reinforcement at the end of a girder;beam or joist should be anchored employing a st
he edge girder, beam, or column, orstructural concrete wall that provides support at the

nt perpendicular to the edge should“end in a standard hook.

Negative flexural reinforcement acting in compression

xural reinforcement,aeting in compression should be surrounded with stirrups or ties that q

Negative reinforcement for support of stirrups

nce aleng“the span of the girder, beam, or joist, between negative reinforcement cut-off
nforcement should be provided for attachment and anchorage of stirrups. The diameter of th
reater or equal to the bar diameter of the stirrups. It should be permitted to lap splice these
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vith the anchorage distance required by 9.5.3. At the external edge of cantilevers negative flexural
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10.5.3.5 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 0), the maximum nominal coarse aggregate
size, and the minimum clear spacing between bars (see 9.4.7). When these computations are not performed,

it should be

108

permitted to employ the guides of 10.5.3.5.1 to 10.5.3.5.3.
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10.5.3.5.1 Girders and beams with bw > 300 mm

For girders and beams whose width, by, is greater or equal to 300 mm it should be permitted to determine the
maximum number of bars in a layer employing Equation 67 where b, is the girder or beam width in mm. See
Table 27.

b, .
No. of bars in a layer < 5—‘6—3 Equation (67)

10.5.3.5.2 Girders and beams with bw < 300 mm

Thre¢ longitudinal bars should be permitted for girders and beams whose width, by, is less than {300 mm and
greater or equal to 250 mm. Two longitudinal bars should be employed for girders and beams whpse width, b,,,
is less than 250 mm. See Table 27.

Table 27 — Maximum number of longitudinal bars in a layer for girders and beams

Beam web width bw
Maximum number of longitudinal bars
(mm)

b,, <200 mm section not permitted
200 mm < b,, < 250 mm 2 bars
250 mm < b,, < 300 mm 3 bars
300 <b < LA 3| bars

mm = By {50

10.5.3.5.3 Joists

The maximum number of longitudinal bars(in joists should be one for web widths b,,, (see Figur¢ 53), less or
equa| to 150 mm, but it should be permitted to bundle in contact up to two bars locating one in tog of the other.
For web widths greater than 150 mm’ and less than 200 mm the maximum number of bars in g single layer
should be two, and it should not_be\permitted to bundle them. For web widths greater and equal to 200 mm
the nmpaximum number of bars jin‘\a’single layer should be one more than those allowed for girders and beams
in 10(5.3.5.1 and 10.5.3.5.2,

10.5.3.6 Minimum namber of longitudinal bars in a layer

To minimize flexural cracking width at points of maximum moment a larger number of smaller diameter bars
should be employed as opposite to a small number of large diameter bars. For joists the minimym number of
longifudinal <bars should be one. The guides of 10.5.3.6.1 and 10.5.3.6.2 should be met aj sections of
maanum positive and negative moment for girders and beams whose width, b, is greater or equal to 300 mm.

For girders and beams with b,, less than 300 mm the minimum number of longitudinal bars should be two.

10.5.3.6.1 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 or equal to the value given by Equation 68, where b,, is the
girder or beam width in mm.

b .
No. of bars in a layer > 10’“0 Equation (68)
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10.5.3.6.2 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 or equal to the value given by Equation 69, where b, is the
girder or beam width in mm.

b .
No. of bars in a layer > 2—OWO Equation (69)

10.5.3.7 Skin reinforcement

If the effectjve depth d of a girder, beam, or joist exceeds 800 mm, longitudinal skin reinforcement shquld be
uniformly djstributed along both side faces of the member for a vertical distance equal to d/2_nearest the
flexural tension reinforcement. The vertical spacing s, in mm, between bars should be obtained| using
Equation 70, but it should not exceed d/6, nor 300 mm. See Figure 70.

100Q - 4, ,
=77 Equat 70
S 7 quation (70)

> N S
Vel ol
Aol S s
N7 RN T
- ~ I 1]
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| : : I S
:o: :o: d/2
1o | S
18 | @1
. % ° P
3

Key
1 skin reinforcement
2 negative reinforcement in tension

3 positivel reinforcément in tension

10.5.3.8 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 10.5.3.8.1 and 10.5.3.8.2 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.
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10.5.3.8.1 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 10.1.6 or
one-tenth of the span of the beam. If the effective flange width of 10.1.6 exceeds one-tenth of the span, the
rest of the effective flange width should have reinforcement in the direction of the beam greater or equal to the
shrinkage and temperature reinforcement for slabs of 9.6.2.1. See Figure 71. For this case the guides of
10.5.3.5 should not apply.

2
—4
Y 3 /
WL. / L. & = r $— °* . E & £ +
0
1 d
5
T 6

Key
1 shrinkage and temperature reinforcement outside of with for distribution of negative reinforcement
2 vhith for distribution of negative flexural reinforcement in tension
3 minimun of the effective flange whith or one-tenth of the béam span
4 {ransverse reinforcement calculated supposing the flafige acts as a cantilever
5 beam negative flexural reinforcement in tension
6 Clear cantilever span for obtaining transverse.reinforcement, equal to overhanging portion of effective flange width or

{ull overhang for isolated T-beams

Figure {1 — Reinforcement in flanges of T-beams

10.5.3.8.2 Transverse flange reinforcement

In the top of the flangejreinforcement perpendicular to the beam should be provided to resist|the factored
negagive moment obtained from Equation 44, using a value of |, equal to the overhanging portion|of the flange
width defined in¢10.1.6, and for isolated T-beams the full width of overhanging flange or the|flange width
defined in 104.6: This reinforcement should comply with the guides for negative flexural reirfforcement in
slabg as set¥orth in 10.4.3.4. See Figure 71.

10.5.3.9” Girder and beam reinforcement in seismic zones

In girders and beams supported directly on columns and structural concrete walls that are part of a moment
resisting frame located in seismic zones, reinforcement should comply with the additional requirements of
chapter 13. Joists and beams that are not part of a frame are exempt from the additional seismic guides.

10.5.4 Joists and beams supported on girders

10.5.4.1 General
The guides of 10.5.4 cover joists and beams that are supported on girders, and are cast monolithically with

them. Two-way joist systems or waffle-on-beams systems, as described in 10.3.1.3.4, are covered and should
comply with the general guides of 10.3.1.
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10.5.4.2 Dimensional specifications

The following Dimensional specifications should be observed:

10.5.4.2.1

Joists

In addition to the appropriate guides of 1.5, joists should comply with the general Dimensional specifications of
6.1, and the particular guides of 10.3.1.3.1. The minimum allowable depth should comply with 10.3.5.3 for
one-way joist and of 10.3.5.5 for two-way joists.

10.5.4.2.2

Beams

In addition
Dimensiong
comply with
between la
flange or fa

10.5.4.2.3

All cantilev:
supports pr

10.5.4.3 H

10.5.4.3.1

The factorg
supporting
acts as a cq

the cantiley

Equation 71
the exterior
the first inte

where |, sh

and M, sH

10.5.4.3.2

to the appropriate guides of 10.5, beams supported on girders should comply with-theg
| specifications of 6.1, and the particular guides of 10.3.1.2. The minimum allowable"depth

10.3.5.3. The width of the web of beams, b,, should not be less than 200 mim.- The s
eral supports of isolated beams should not exceed 50 times the least width)b*of compr
Ce.

Cantilevers of joists and beams

brs of joists or beams should be the external continuation of ,an-element that spans bg
bvided by beams, girders or structural walls. No double cantilevershould be permitted.

actored flexural moment

Cantilevers of joists and beams supported on beams or girders

d negative flexural moment, M",, for beam(and joist cantilevers that span out of thg
pirders, beams, should be calculated supposing that one-half of the distributed factored log
ncentrated load at the tip of the cantileveralong with all concentrated loads that act on the s

er, ZP“ , and the other one-half.acts as uniformly distributed load over the full span,

, but it should not be less than the/factored negative flexural moment of the first interior s
supporting girder, beam, nor less than one-third of the positive moment, in the same direc
rior span.

W, 12 ,
e, P, Equati

ould beobfained in N - m.

One:span joists and beams supported on beams or girders

eneral
should
pacing
ession

btween

edge
d1 WLH
pan of

using

pan at
ion, of

bn (71)

puld be the clear’span of the cantilever in m, W, should be employed in N/m, ZP" should e in N,

The factored positive and negative flexural moment, M, in N - m, for one-span beams and one-span one-way
joists should be calculated using the Equation 71 and Equation 72, where |, should be the clear span of the

beam or joist in m, W, should be employed in N/m, and ZPy should be in N.

Positive mo

M=

u

112

W, 12

ment:

[

pim

4

u
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m

P,

u

2

Equation (72)
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Negative moment at supports:

w, 12 1 .
M =—4L M, M. NPp Equation (73
u 24 +16 Z u q (73)

10.5.4.3.3 Joists and beams supported on beams, girders , with two or more spans

The factored positive and negative flexural moment, M, in N - m, for beams and one-way joists supported on
beams, girders should be calculated using the Equation 74 to Equation 79, where |, should be the clear span

of the beam or joist in m, W, should be employed in N/m, and ZP, should be in N.

Positlve moment

at end spans
. WL, N

V., _TJF?'ZP” Equation (74)

at interior spans:

M+ =M+l-ZPM Fquation (75)

Negdtive moment at supports

at interior face of external support

w, 121 i .
[~ =—L M M. NP Equation (76
S Y R quation (76)

at exjerior face of first internal support, enly-two spans

W, 1% 1 I
V., :%“L%'ZP” [Equation (77)

at fages of internal supports;,-more than two spans

w, 12 1 i .
V[~ =L TN P Equation (78
TR quation (78)

at fages of all-supports for joists with spans not exceeding 3 m:

2
L= Wulzlm + lé’l Z 23 Equation (79)

10.5.4.3.4 Use of frame analysis for joists and beams supported on beams or girders

It should be permitted to use a frame analysis for obtaining the factored moment and shear as a substitute for
the values obtained from 10.5.4.3.1 t0 10.5.4.3.3, and 10.5.4.4.1 to 10.5.4.4.3, 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- and long-term material properties.
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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,/7. , in MPa.

e) 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)  Span length should be taken as the distance center-to-center of supports, but it should be permitted
to obtain the factored moment and shear at faces of supports.

g) It $hould be permitted to assume that the arrangement of live load is limited to combinations of
fagtored dead load on all spans with full factored live load on two adjacent spans, and factoredl dead
load on all spans with full factored live load on alternate spans.

10.5.4.3.5 |Two-way joists supported on beams or girders

It should be permitted to obtain the factored moment for two-way joists supported-on beams, employing the
guides of 10.4.8.1 and 10.4.8.2, except the minimum depth of the supporting beams or girders gliide in
10.4.8.1 (c)[(see 10.3.1.3.4).

10.5.4.4 Hactored shear

10.5.4.4.1 |Cantilevers of joists and beams supported on beams or girders

The factore
be the clea

v, =

u

10.5.4.4.2

The factore
Equation 81

ZP” shou

10.5.4.4.3

d shear, V,, at the support of cantilevers should_be calculated using Equation 80, where I,
span of the cantilever in m, W, should be empleyed in N/m, and ZP,, in N.

~lm+ZPu

One-span joists and beams supported on beams or girders

Equati

d shear, V,, in N, for one-span beams and one-span one-way joists should be calculated
, where |, should be the clear span of the beam or joist in m, W, should be employed in N/

Id be in N.

'lm
2—+0,8-2Pu

Joists and beams supported on beams or girders, with two or more spans

Equatig

should

bn (80)

using
m, and

bn (81)

The factored positive and negative flexural moment, M, in N - m, for beams and one-way joists supported on
beams or girders should be calculated using the Equation 82 and Equation 83, where |, should be the clear

span of the

beam or joist in m, W, should be employed in N/m, and ZP, should be in kN.

at exterior face of first interior support

W, -1
v, =1,15-%+0,80-2Pu
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at faces of all other supports

10.5.

W, -1
v, =%+0,75.ZPM

4.4.4 Use of frame analysis

Equation (83)

It should be permitted to use a frame analysis for obtaining the factored shears as a substitute for the values
obtained from 10.5.4.4.1 to 10.5.4.4.3 if the guides of 10.5.4.3.4 are met.

10.5.

It shquld be permitted to obtain the factored shear for two-way joists supported on beams or-girde

the
10.4.

10.5.

uides of 10.4.8.1 and 10.4.8.4, except the minimum depth of the supporting beams|or gir
.11(c) (see 10.3.1.3.4).

.5 Reinforcement

10.5.4.5.1 Positive flexural reinforcement

The

apprg

positive reinforcement area should be determined employing{Equation 23 or Equation

in mm. When a slab is present in the upper part of the section, or when the beam or joist is

shou
shou
face

priate value of M, obtained from 10.5.4.3 converted to N . /mm (1 N - m = 10 - N - mm), U

d be permitted to employ the T-beam effect as indicated’in 10.1.6. The positive flexural
d comply with the guides of 10.5.3.3. At internal supparts, at a distance equal to |,/8 measured from the
bf the supports into the span, up to one-half of the’positive flexural reinforcement should beg

rs employing
jers guide in

24, with the
singd and b

T-shaped, it
einforcement

permitted to

be slispended if there are no concentrated loads within that distance. For one-span beams @and joists no

susp

ension of positive reinforcement should be permitted. See Figure 72.

10.5.4.5.2 Negative flexural reinforcement

The
grea
N -

presg

shou

meas

perm
canti

© IS0

gative flexural reinforcement area.should be determined employing Equation 23 or Equati

e
L value of M, obtained from'10.5.4.3 for both sides of the support, converted to N - mm (
mm), using d and b in mm. This reinforcement should comply with the guides of 10.5.3.4. When a slab is

nt in the upper part of the.section, or when the beam or joist is T-shaped, negative flexural 1
d comply with 10.5.3.8.)At a distance equal to |.,/4 for external supports, and I.,/3 for inter|
ured from the internal/face of the support into the span, all the negative flexural reinforceme
jtted to be suspended. See Figure 72. No suspension of negative reinforcement should beg
evers.

bn 24, for the
I N-m=10°

einforcement
hal supports,
ent should be
permitted in

2013 — All rights reserved

115


https://standardsiso.com/api/?name=97397f3855bb06f3afb3890cf290b403

ISO 28842:2013(E)

/7|—‘»Im/4-—| - F—‘{m/sl ‘ r—lnz/aﬂ - r—‘{nz/sﬂ
||

|n3

Key
1 negative reinforcement at face of external support

negative reinforcement cut-off points based greater of the neighboring spans
negative reinforcement interior support

greater|of cantilever negative reinforcement or required for internal suppert
splice according to 9.5.2

positive reinforcement interior span

splice according to 9.5.2

0 N o a b~ W N

positivel reinforcement end span

Figure 72 — Reinforcement for beams and joists supported on beams or girders

10.5.4.5.3 |Transverse reinforcement

The values|of V, at the faces of the right and left supports should be obtained using the appropriate equation
from 10.5.4{4. A diagram showing.the shear variation within the span should be constructed, starting with the
value of V|in N, at the face pf\the left support taken as positive. The shear from this point proceeding to the

right should be decreased'at'a rate equal to [(Vy)ieft supp. + (¥u)right supp. - ZP, Vi, in KN/m. At any place were a
concentratgd load is applied, the value of P, in N, should be subtracted from the value of shear showr] in the
diagram at the left ofthe load. Proceeding as described, at the face of the left support the negative valug of V,
in N there ghould be“reached in the diagram. See Figure 73. At any place within the span, the value of{(l - V)
as calculated following the guides of 10.2.4 should be greater or equal than the absolute value of V|,(x) as
shown in thealculated diagram.

The shear reinforcement should comply with the guides of 10.5.3.2 and 10.2.4. The limits for ( ¢ - V) as
defined in 10.2.4.4 should be marked in the shear diagram, and a minimum amount of shear reinforcement as
defined by Equation 36 should be established. Appropriate values of the spacing of stirrups s should be
defined for the different region within the shear diagram. A minimum practicable spacing of stirrups as guide
by 9.4.9 should be observed. The first stirrup should not be placed further than s/, from the face of the
supporting element, being s the required spacing of stirrups at the support.
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I:)u2

ul

il LT

(Vy) left supp. V, (%) (Vy) right supp.

1

In

/[(Vu) left supp. +(V,, ) right supp. - 2 Pu-

/= /

L Y
\

Vy (x)

Figure 73 — Calculation of the shear diagram of the beam or joist'supported on beams ¢r girders

10.5.4.5.4 Hanger reinforcement

When a beam is supported by a girder of essentially the same depth, hanger reinforceme
provifled in the joint. The forces from the reaction from the supported beam tend to push down {
the sppporting girder, and should be resisted by hanger reinforcement in the form of closed stirr
both |elements in addition to the stirrups for sheéar. See Figure 74. The determination of
reinforcement should be made complying with:

If V, from the supported beam at-the interface is less than [4}5 . ‘/4f_"-bw -d} it should be

waive the hanger reinforcement, where ¢ = [0,85]

If hy is greater that-ene-half the total depth of the supporting girder, where h, is the ver
measured from the-bottom of the supporting girder to the bottom of the supported beam
permitted to waive the hanger reinforcement.

The hanger-reinforcement should be full depth closed stirrups with a total area A; as det
Equatien(84.

nt should be

he bottom of

ips placed in

the hanger

permitted to

ical distance
it should be

ermined from

(1 ZJ v,
4 s I

Equation (84)

d)

e)

2

In Equation 84 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, f, is the specified yield strength of the

steel of the stirrups, and ¢ = [0,85]

Additional stirrups with an area greater or equal to 2/3 of A; should be placed in the supporting girder
for a distance along the longitudinal axis of the supporting girder equal or less than the width of the
supported beam, b,,, plus h, at each side. In the computation of the 2/3 of A;, only the area of legs of

the additional stirrups that are located at the side of the supported beam should be taken

© 1SO 2013 — All rights reserved
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f)  Additional stirrups with an area not greater than 1/3 of A, 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+2hp, —
1 <AI/3
2 > 23| f_\fy/_
* \ / _I e
| ~—— _I_3I_31_1_
= hs hy 1 I +
1 | |4*j ¢ 1 317173
B
d/i4—
Key
1 supported beam
2 supported girder
Figure 74 — Hanger reinforcement
10.5.4.6 Calculation of the reactions on beams and girders
10.5.4.6.1 |One-way joists

The factore
factored red
distributed

from 10.5.4
is the cente

v,

S-

Ty

10.5.4.6.2

It should be
or structura

—ul

d reaction on the supports of joist should be permitted to be considered uniformly distribute]
ction on the supports r,, in N/m, should be the value obtained from Equation 85 plus the un
reaction from any cantilever spanning from that support. In Equation 85 V, is the factored

4,in N, | is the center-to-center span of the joist, in m, (. is the clear span of the joist in m
r-to-center spacing between-joists also in m (see Figure 53).

! Equati

n

Two-way joists supported on beams or girders

permitted to obtain the required factored reactions for two-way joists supported on beams,
walls*employing the guides of 10.4.8.1 and 10.4.8.4, except the minimum depth of the sup

beams or g

d. The
formly
shear

and s

bn (85)

girders
borting

rders required in 10.4.8.1(c), (see 10.3.1.3.4).

10.5.4.6.3

Beams

The factored reaction on the supports R, in N, should be the value obtained from Equation 86 plus the
factored reaction from any cantilever spanning from that support. In Equation 86 V, is the factored shear from
10.5.4.4,in N, | is the center-to-center span of the beam, in m, and |, is the clear span of the beam, also in m.

118

Equation (86)
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Railings

Railings shall be provided along the edges of structures for protection of traffic and pedestrians. Except on
urban expressways, a pedestrian walkway may be separated from an adjacent roadway by a traffic railing or
barrier with a pedestrian railing along the edge of the structure. On urban expressways, the spacing shall be
made by a combination railing.

Materials for railings shall be concrete, metal, timber or a combination thereof.

10.6.1 Vehicular Railing

10.6.

Althg
cons

10.6.

The
roady

Traffi
traffid
heigh

The |

1.1 General

ugh the primary purpose of traffic railings is to contain the average vehicle Using t
deration should be also given to:

Protection of the occupants of a vehicle in case of a collision with the railing.
Protection of vehicles or pedestrians on roadways underneath the structure.

Appearance and freedom of view from passing vehicles.

1.2 Geometry

vay, the top of the future overlay, if resurfacing is anticipated, or the top of curb.

C railings height shall not be less than 0.70 m.frem the reference surface. Parapets designeq
faces intended to allow vehicles to ride them up with low angle contacts shall be at lec

t.

bwer element of a traffic railing should.consist of a parapet projecting at least 0.50 m above

he structure,

neight of railings shall be measured with respect to a reference surface which may be the top of the

with sloping
st 0.80 m in

he reference

surfage. The maximum clear opening“below the bottom rail shall not exceed 0.50 m and tihe maximum
open|ng between succeeding rails shall not exceed 0.40 m.

10.6.2 Bicycle Railing

10.6.2.1 General

Bicydle railing compenents shall be designed with consideration to safety, appearance and, when the bridge
carrigs mixed traffic, freedom of view from passing vehicles.

10.6.2.2 » Geometry

The miftmum hreight ofa raiting—used—toprotectabicyclist-shalt-be +40-m,—measuredfrom-the top of the

surface on which the bicycle rides to the top of the upper rail member.

All railing elements located below 0.7 m above the surface level should not be spaced more than 0.15 m from
each other. Elements located between 0.7 m and the total height of the railings may have any spacing length.
If a railing assembly employs both horizontal and vertical elements, the spacing requirements shall apply to
one or the other, but no to both.

© IS0
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10.6.3 Pedestrian Railing

10.6.3.1

General

Railing components shall be proportioned according to the type and volume of anticipated pedestrian traffic.
Consideration should be given to appearance, safety and freedom of view from passing vehicles.

10.6.3.2 Geometry

The minimum height of a pedestrian railing shall be 1.10 m, measured from the top of the walkway to the top
of the upper rail member.

All railing el
each other.
no more th4

11 Subst

A substruct

Lire is any structural, load supporting component generally referred to_by the terms abutmery

For elements between 0.70 m and 1.10 m above the walking surface, elements shall-be s
n 0.30 m between each other.

ructure

ements located below 0.7 m above the surface level should not be spaced more than 0:15 rlh from

paced

t, pier,

e cast

eneral
mns of

ith the
hes its
s than
to the
of the

column, frane, structural wall, or other similar terminology.

11.1 Girders that are part of a frame

11.1.1 General

The guideq of 11.1 cover girders that are part of a moment resistant frame where the girders ar
monolithically and are supported directly by columns or strictural concrete walls.

11.1.2 Dimensional specifications

11.1.2.1 General

In addition {o the appropriate guides of10.5, girders that are part of a frame should comply with the g
Dimensiongl specifications set forth in 61, and the particular guides for beams spanning between colu
10.3.1.

11.1.2.2 Girder depth and 'width

The girder should be prismatic without haunches, brackets or corbels. The height h should comply W
minimum thickness.guides of 10.3.5.2. The clear span of the member should not be less than four tir
height h. The width-to-height (b,/h) ratio should not be less than 0,3. The width by, should not be les
200 mm, nor more than the width of the supporting column (measured on a plane perpendicular
longitudinallaxis of the girder) plus distances on each side of the supporting member not exceeding 3/4
height h of the girder. See Figure 75.
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h > min. of 7.4.5.3
<l /4

b,q>03.h \\\\\i\\

<bg+15.h

N

Figure 75 — Limits on girder depth and width

11.1.2.3 Girders supported by structural concrete walls
Girdgrs supported by structural concrete walls should continue-along the full horizontal length of the wall when
the wall is located in the plane of the frame. The width of the.girder should not be less than thg thickness of
the wall. When girders are supported by walls perpendicular to the longitudinal axis of the girder, the walls
should be provided with a beam that runs along the full-horizontal length of the wall at the safne level and

havirlg the same depth of the girder. The width of the-beam should not be less than the thicknegs of the wall,
neither 200 mm. Vertical reinforcement of the wall.should pass through the girder or beam as guide in 11.6.

11.1.2.4 Lateral Support

In ginders that are not laterally supparted by the floor slab or secondary beams the clear distapce between
lateral supports should not exceed 50, times the least width b of compression flange or face.

11.1.2.5 Special guides
The fpllowing restrictions.should be in effect for girders of frames designed under 11.1:
a) there are {Wwo‘or more spans,

b) the spans are approximately equal, with the larger of two adjacent spans not greater thgn the shorter
by-more than 20 per cent of the larger span (see 6.1),

d) “Jdoads are uniformly distributed, and adjustments for concentrated loads are performed,

d) unitlive load, wl, does not exceed three times unit dead load, wd, and

e) sloping girders should not have a slope exceeding 15°.
11.1.3 Factored flexural moment

11.1.3.1 Factored positive and negative moment

The factored positive and negative moment, M,, in N - m, for girders and beams that are part of a frame where
the vertical elements are columns and concrete structural walls, should be calculated using the Equation 87 to
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Equation 93, where |, is the clear span in m, W, should be employed in N/m, and P, corresponds to the
sum of all total factored concentrated loads that act on the span, in N.

Positive mo

at end span

u

2
M+:Wu'lm +Zﬂ_zp

ment

S

u

Equation (87)

14 6
at interior spans:
M+_EM+Zl.ZP Eguation (88)
“lie 7 " A
Negative mpment at supports
at interior fdce of external column or perpendicular structural wall
M- :Eﬂ+li. Zp Equation (89)
! 16 10 "
at exterior face of first internal column or perpendicular structural wall,;only two spans
P R WS Equation (90)
u 9 6 u
at faces of internal columns or perpendicular structural walls, more than two spans
M- _Eﬂ+i.2p Equation (91)
“ 110 65 !
at faces of structural walls parallel to the plané of the frame
M- :Eﬁ+li.2p Equatipn (92)
u 12 7 u
at support df girder cantilevers
[V L S Equation (93)
u 4 m u
11.1.3.2 Gitders of frames parallel to the direction of one-way joist systems

In order to take into account the effect of the distribution ribs of the joist system (see 10.3.1.3.3) on girders of
frames parallel to the direction of one-way joist systems, a factored load equivalent to two times that used to
design the individual joist should be employed in addition to the loads on the girder. This effect should also be
employed in obtaining the factored shearin 11.1.4.1.

11.1.3.3 Use of frame analysis

It should be permitted to use a frame analysis for obtaining the factored flexural moment and shear as a

substitute for the values obtained from 11.1.3.1 and 11.1.4.1 if the following guides are met:

a) The analysis procedure should be based on established principles of structural mechanics.

122
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b) The procedure should take into account equilibrium, compatibility of deformations, general stability,
and short- and long-term material properties.

Ee =4500yfc i Mpa,

c) The modulus of elasticity of concrete should be permitted to be taken as

d) Use of any set of reasonable assumptions should be permitted for computing relative flexural and
torsional stiffness of columns, walls, beams and girders. The assumptions adopted should be
consistent throughout the analysis.

e) Span length should be taken as the distance center-to-center of supports, but it should be permitted
to_obtain the factored moment and shear at faces of si Ipports.

fl 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.

11.1.4 Factored shear

11.1.4.1 Factored shear

V,, i N, for the slab should be calculated at the faces of all supports’ using the Equation 94 to |[Equation 96,
where |, is the clear span in m, W, should be employed in N/m, and > P, corresponds to the sym of all total

factofed concentrated loads that act on the span, in N.

at exferior face of first interior column
w, -1, o i

V., =1,15-T+0,80~ZPH Equation (94)

at fages of all other columns
w, -1, o i

/, = —o ot 0,75-2}3, Equation (95)

at supports of girder cantilevers

i =Wy Ly +ZPM [Equation (96)

11.1.4.2 Use of frame analysis

It shquld bespermitted to use a frame analysis for obtaining the factored shears as a substitute fpr the values
obtaipeddrem 11.1.4.1 if the guides of 11.1.3.3 are met.

11.1.5 Reinforcement

11.1.5.1 Positive flexural reinforcement

The positive flexural reinforcement area should be determined employing the guides of 10.1.4, with the
appropriate value of M/, obtained from Equation 87 or Equation 88, converted to N - mm (1N - m = 10° - N -

mm), using d and b in mm. If a slab exist in the upper part of the girder, it should be permitted to employ the
guides to take into account the T-beam effect of 10.1.6. Positive flexural reinforcement should comply with the
guides of 10.5.3.3. At internal supports, at a distance equal to I,,/8 measured from the face of the supports into
the span, up to one-half of the positive flexural reinforcement should be permitted to be suspended if there are
no concentrated loads within that distance. See Figure 76 and Figure 77.
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11.1.5.2 Negative flexural reinforcement

The negative flexural reinforcement area should be determined employing the guides of 10.1.4, for the greater
value of M; for both sides of the support, obtained from Equation 89 to Equation 93, converted to N - mm (1 N

m=10°-N. mm), using d and b in mm. This reinforcement should comply with the guides of 10.5.3.4. When
a slab is present in the upper part of the section, or when the beam or joist is T-shaped, negative flexural
reinforcement should comply with 10.5.3.8. At internal supports at a distance equal to /,/3, and at external
supports at a distance equal to |,/4, measured from the face of the support into the span, all the negative
flexural reinforcement should be permitted to be suspended (see Figure 76), except in the beams belonging to
the perimeter ring of beams guide by 10.3.3.2, where one-quarter of the negative reinforcement should be
continuous through the span, or spliced at midspan (see Figure 77). No suspension of negative reinforcement
should be permitted in cantilevers.

[ 0 mm - ‘,L |m1/8———/—> Imz/gL 0 mm—T / ~—L Im2/8 4=—
Im2 Im3
| J :
6

5

Key
1 negative reinforcement at interior face of external support

negative reinforcement cut-off points based greater of the neighboring spans
negative reinforcement interior support

greater|of cantilever negative reinforcement or required for internal support
positive reinforcement end\span

splice according to 9:5.2

positive] reinforcement interior span

o N o o b~ w N

splice according to 9.5.2

Figure 76 — Reinforcement In girders that are part of a moment
resisting frame by columns or structural concrete walls
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— Im2/3 Im2 /3 —~
0 mm 1—0 mm

e fgle OMm / %lmz/s———/

Key

—

0o N o a M~ W N

11.1.

The
from
the d
follow
calcu

The
defin

|m2
] \
7

8

hegative reinforcement at interior face of external support

negative reinforcement cut-off points based greater of the neighboring spans
hegative reinforcement interior support

jreater of cantilever negative reinforcement or required for internal* support
hositive reinforcement exterior span

Eplice according to 9.5.2

hositive reinforcement interior span

Eplice according to 9.5.2

Figure 77 — Reinforcement in girders that are part of the perimeter frame

5.3 Transverse reinforecement

alues of V, at the faces of the right and left supports should be obtained using the appr
Equation 94 to Equation 96. A diagram of shear variation along the span should be calculatg

ing the guides-of 10.2.4 should be greater or equal than the absolute value of V(x) as
lated diagram:

hear\reinforcement should comply with the guides of 10.5.3.2 and 10.2.4. The limits fo
ba-in10.2.4.4 should be marked in the shear diagram, and a minimum amount of shear rein

bpriate value
bd employing

uides of 10.5.4°5,3 (see Figure 73). At any place within the span, the value of (¢ - 7}) &s calculated

shown in the

r (¢ - ¥n) as
forcement as

defin

bd-bv Eauation 36 should be estahlished Annraonriate values of the snacina of stirrups
J 1 rr Lad Lad ~ Lad

s should be

defined for the different region within the shear diagram. A minimum practicable spacing of stirrups as guide
by 9.4.9 should be observed. The first stirrup should not be placed further than s/2 from the face of the
supporting element, being s the required spacing of stirrups at the support.

11.1.5.4 Hanger reinforcement

When the girder supports a beam of essentially the same depth hanger reinforcement as guide by 10.5.4.5.4
should be employed.
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11.1.6 Calculation of the reactions on beams and girders

11.1.6.1 Vertical reaction at columns and walls

The factored reaction on the supports R, in N, should be the value obtained from Equation 97 plus the
factored reaction from any cantilever spanning from that support. In Equation 97 V,, is the factored shear from
Equation 94 to Equation 96, in N, | is the center-to-center span of the beam, in m, and |, is the clear span of
the beam, also in m.

R, =% Equation (97)

11.1.6.2 Unbalanced moment from vertical loading applied to girder

The moment reaction on columns should be evaluated using the unbalanced factored moment, AM,, ¢aused
by the factgred vertical loads on the girders on the plane of the frame that span from the-¢olumn at thaf level.
The unbalapced moment should be distributed to the column above and below the girdér'in proportion {o their
relative stiffnesses. The following procedure should be employed to calculate the unbalanced moment:

a) The unbalanced moment, AMu, should correspond to the largest *difference in girder fdctored
negative moment at the column when two load cases are evaluated:

b) In the first case (Case A of Figure 78) the whole girder should‘be Toaded with the factored degd load
andgl alternate spans should be loaded with the factored live load.

c) In the second case (Case B of Figure 78) the whole girder should be loaded with the factored dead
load and the other alternate spans should be loaded with the factored live load.

11.1.6.3 Distribution of the unbalanced moment to the columns and walls

The following procedure should be employed to distribute the unbalanced moment to the columns of walls
above and below the girder:

a) Fof joints of columns, or walls, Supporting the roof girders (Types B, D, and F of Figure 7P), the
column factored moment should)correspond to AMu.

b) Fof joints of columns, or(walls, of floors different from the roof (Types A, C, and E of Figure 7]9), the
unbalanced moment should be distributed to the column, or wall, above using Equation 98.

(M,),,[=AM, - Gt

u Equatipn (98)
(Ic/hpi )up +(Ic/hpi )down

c) For joifits of columns, or walls, of floors different from the roof (Types A, C, and E of Figure 79), the
unbatanced moment should be distributed to the column, or wall, below using Equation 99.

(IC /hpi )down

v Equation (99)
(7. /h, )“p +Te/hi)

(Mll )down =AM

d) In Equation 98 and Equation 99, Ic should be evaluated employing Equation 100, where bcol is the
dimension of the column, or wall, section in the direction perpendicular to the girder span in m, hcol is
the dimension of the column, or wall, section in the direction perpendicular to the girder span in m, hpi
is the story height corresponding to the column or wall (see Figure 78).

boy - h>
I, :% Equation (100)
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Figure 78 — Girder unbalanced moment to be transferred to columns
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Figure 79 — Types of joints for determination of.column moments

11.2 Strength of members subjected to axial loads with or without flexure

11.2.1 General

Calculation
axial loads
of 11.2.

of the design strength of member sections of columns and structural concrete walls subje
br axial loads accompanied by flexural moments should be performed employing the requirg

11.2.2 Combined factored axial load and factored flexural moment

The factored axial load, P,, and-the factored flexural moment, M,, which accompanies it and are cau
the factored loads applied ta_the structure, should be determined, for the particular element type, frg

guides of 1

11.2.3 Des|

to 14.

ign strength for axial compression

11.2.3.1 Design strength for axial compression without flexure

cted to
ments

sed by
m the

Equation 101 should be used to determine the design axial strength for axial compression without flexure, ¢ - Pgp.

¢ Fon =

¢-085- £ (4, — Ay )+ 4y - 1]

Equation (101)

In Equation 101 ¢ = [0,70] for columns with ties and structural concrete walls, and ¢ = [0,75] for columns with
spiral reinforcement.

11.2.3.2 Maximum design axial load strength

The design strength for axial load, ¢ - P,, in columns and structural concrete walls subjected to compression,
with or without flexure, should not be taken greater than the following:

128
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Columns with ties and structural concrete walls:

¢ Pymay) <080-¢- Py, (with ¢=1[0,70]) Equation (102)
Columns with spiral reinforcement:

¢ Pumax) <0.85-¢- Py, (With ¢=1[0,75]) Equation (103)
11.2.4 Balanced strength for axial compression with flexure

11.2.4- 1] u i u , uctu W
The Values for axial force, ¢ - Py, and moment, ¢ - My, at the balanced design strength) point should be
determined using Equation 104 and Equation 105 respectively. However these equations gnly apply to
rectapgular columns with symmetrical reinforcement.

p- oy =$-042- f(-h-b Equation (104)
b'Mbn :¢'an '0’32'h+¢'[0’6"4se +0’15'Ass]'fy '[%_d'j Equation (105)

For Bquation 105 the total longitudinal reinforcement area, Ay, should be divided into extreme sjeel, 45, and
side steel, A, in such a manner that Age + Ass = As. See Figure80 In Eq. (87) and Eq. (88) ¢=[0)70].

i (—F\fb M

I | | i b |
B | | B |
—. - “ — |
— | o oM T
@10 0 0 O Olle (o of0 000 o
® EQH | H.i h| > : o
ST ) B e
' Jl O O O O ll ?/' e f ) ~, |
TSRS & : (® \0/ ° 0 o\\o o
d' 1 |
_lde P .L \]\ \ ¥
Age Age Ass

Figure 80 — Dimensions for calculation of balanced moment design strength

11.2.|4.2 Circular section columns with spiral reinforcement

The values for axial force, ¢ - P,,, and moment, ¢ - M,,, at the balanced design strength point should be
determined using Equation 106 and Equation 107 respectively:

G- Poy =4-05-f0- A, Equation (106)
¢-Mp, =¢-Pp, -02:-h+¢-06- A ’fy'(g_d’j Equation (107)

Equation 107 h should be taken as the diameter of the section of the column. In Equation 106 and Equation
107 ¢=[0,75].
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11.2.5 Design strength for axial tension without flexure

The design strength for axial tension without flexure, ¢ - Py,, should be determined using Equation 108: ¢ =
[0,90].

$-Bp=0-Ay-f, Equation (108)

11.2.6 Design combined axial load and moment strength

The design moment strength at the section of the element, (¢ - M,), at the level of applied factored axial load,
P., should he greater or equal than the greater factored flexural moment, M., that can accompany the factored
axial load, P, as shown in Equation 109:

¢-M,AM, Equation (109)

The complignce with Equation 109 should be accomplished by proving that the coordinates of (M, H,) in a
moment vs] axial load interaction diagram relating ¢ - M, and ¢ - P,, are inside the interaction design s{rength
surface, shaded portion in Figure 81.

1
¢’Pn

A

¢+Pon —

A
d" I:’n (max) 6

¢+Pbn
F,u /—8
5 /
2
—
My ¢“Mbn ¢"Mn
‘b“Ptn ]

9

Key
1 axial load interaction design strength surface
moment balance design strength point

required factored axial load and moment design moment strength at factored axial load level, Pu

© 0o N O

design strength for axial compression design strength for axial tension

a A W0 N

maximum allowable axial compression load

Figure 81 — Interaction diagram for (¢- Mn, ¢- Pn)
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The following conditions should be met for all couples of P, and M, that act on the column section:

B

P

<¢-P,

(max)

u 2_(¢'Ptn)

For values of P, > ¢+ Pyp:

Vi, >¢-M, = (¢'P“")_P" '(@'Wlbn) =
(¢‘P0n)_(¢'an)
For values of Py < ¢ Pp,:
g, = Bt P) E
(¢'an)+(¢'Pm)
11.2.f Use of interaction diagrams

It shq
of the

11.2.

Corn
with |

uld be permitted to use interactions diagrams for columns from_ duthoritative sources, if the
strength reduction factors, as set forth in these guidelines is'wafranted.

B Biaxial moment strength

br columns, and other columns subjected to moments about each axis simultaneously sh
Fquation 114;

(Mu)x (M“)y <10

wher
facto

Equation 112 or Equation 113 for the factored axial load value P, and for the appropriate directio

11.2.

11.2.

The

+
¢'Mn)x (¢'Mn)y
e (M,)x and (M,), correspond to the factored moments that act about axis x and y, simultaneq

red axial load Py. (M,)«x and (Mp)y correspond to the values of the design moment strength g

D Shear in structural:concrete walls

D.1 General

guides in{1y.2.9 should be applied to the design of structural concrete walls for shear. T

Equation (110)

Equation (111)

nuation (112)

quation (113)

employment

ould comply

quation (114)

usly with the
btained from
N X ory.

'he following

genefal guides:should be employed:

q) Cthe design for shear forces perpendicular to the face of the structural concrete wall should be in
gccordance to the provisions for sofidstabs 172771 e design for shear forces i the plane of the
structural concrete wall should be performed following the guides of 11.2.9.

b) the structural concrete wall should be continuous for all the way down to the foundation and have no
openings for windows or doors.

c) the structural concrete wall should have distributed reinforcement in the vertical and horizontal
direction, not less than the minimum values of 9.6.5 and 9.7.5, and complying with the maximum
spacing of 9.4.15.

d) where shear reinforcement is used the design shear strength, ¢ - V,, should be computed using
Equation 115.
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¢V, =¢-(V.+V,) Equation (115)

In Equation 115, ¢ - V. is the contribution of the concrete to the design shear strength, and ¢ - Vs is the
contribution of the reinforcement to the design shear strength. In Equation 115 ¢ = [0,85].

11.2.9.2 Contribution of concrete to shear strength in structural concrete walls

At each critical location to be investigated, only the contribution of the concrete of the web of the structural
concrete wall should be taken into account and it should be computed using Equation 116 with ¢ = [0,85]

[ ]
v, = é-V“ Jbl Equatiof (116)

6

where b,, is|the thickness of the web of the structural concrete wall, and |, its horizontal length

11.2.9.3 Shear reinforcement in structural concrete walls

The contriution to the design shear strength of the horizontal reinforcement“iocated in the web |of the
structural concrete wall should be:

8-V =p-lon -1, by 1] Equatio (117)
where py, is the ratio of horizontal reinforcement and f, its yield strength: In Equation 117 ¢ = [0,85].

11.2.9.4 Design of shear reinforcement

Where the factored shear, V, exceed ¢ - V., the ratio of horizontal reinforcement should not be less than the
amount determined from Equation 118, with ¢ = [0,85];
=9V, .
< Equation (118

w w

In addition the following requirements should be met:

a) two curtains of reinforcement should be employed, both in vertical and horizontal reinforcement

b) if £~ is less than@)the vertical steel ratio, p,, should not be less than the horizontal steel ratiof py,.

w

c) The value of'¢- Vn should not exceed the value given by Equation 119.

¢V, = ﬁ'(VC"'Vs)S(ﬁ"V;—" Seby L, Equatioq] (119)

LY]

11.3 Torsion

Design for torsion is beyond the scope of the present guidelines, and it should be permitted to neglect torsion
effects when the calculated factored torsion, T, is less than the value obtained from Equation 120:

T < [ﬂ]{hzbz} Equation (120)

v 24 h+b

Notwithstanding, in members where torsion smaller than the value given by Equation 120 is present, closed
stirrups with @ minimum bar diameter of 10 mm, should be provided near the supports with a spacing
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measured along the length of the element not greater than b/4 or d/4, the smaller, for a distance equal to 1/4
of the clear span of the element measured from the internal face of each support. In Equation 120 ¢ = [0,85].

11.4

Bearing strength

The factored compression normal load, P,, applied concentrically on an area, A;, should not exceed the
design bearing strength on concrete (¢ - P,) obtained using Equation 121:

wher

11.5

11.5.

The glesign of columns should be performed using the guides of present 11.5._ The members co
ause are members reinforced with longitudinal bars and lateral ties,"and members rejnforced with
longifudinal bars and continuous spiral. Both rectangular and circular sections-are covered.

subc

11.5.

11.5.

The

tributary loads from each deck located above the column, plus the selfweight of the column. Tr

shou

See frigure 82.

Key

—_

A owWN

¢-P, =4-085-f.- A, Equation (121)

e A, carresponds to the contact area in mm? and 4= [0 70]

Columns and Piers

1 General

P Design load definition

2.1 Loads to be included

d be established from the guides of chapter 8-and the particular guides of each tributary e

e
Ru ZRU/Z

Ru
AMu

RN

Mu \ Ru
Pu=ZRu

Ru
Mu = AMu

<

reactions at the ends of the element
actions at the joint
loads applied to the top of the column

reactions at the ends of the element

Figure 82 — Column factored design forces from one story and in one direction
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vered by this

Hesign load for columns belonging to frames or slab=column systems should be established from the

butary loads
lement type.
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11.5.2.2 Dead load and live load

The values of Py for dead load and P, for live load should be in N. P4 should include the selfweight of the
column, assuming concrete unit weight as 25 x 10° N/m®. The selfweight should be factored employing the
load factors for dead load of the corresponding combination equation from 8.9.1. It should be permitted to
apply the selfweight of the column corresponding to each deck at the lower part of the column in that deck.

11.5.2.3 Factored design forces

The value of the factored design forces P, and M, should be established for the column at the upper and
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 M, and M act.

11.5.3 Dimensional additional specifications

11.5.3.1

The specifi
set forth in
and should
rectangular

11.5.3.2 |

11.5.3.21

Under the
limits (see H

a)

b)

q

Th

Th
ex
wit

beneral
cation set forth in the present subclause, are in addition to the general Dimensional specifig
5.1. Columns should be aligned vertically, without eccentricity between-dpper and lower co

be continuous all the way down to the foundation. Column segtion shape should be
or circular. All other cross-section shapes are beyond the scope of these guidelines.

imiting section dimensions

Minimum section dimensions for rectangular columns

present guidelines, section dimension for rectangular columns should comply with the fo
Figure 83):

b shortest cross-sectional dimension should’not be less than 300 mm.
b ratio of the largest cross-sectional dimension to the perpendicular shortest dimension sho

eed 3, except that for columns in“bridges located in seismic risk zones, this ratio should
n 13.5.3.1.

o]

T b.>300 mm
h

h %<3
1

Figure 83 — Minimum cross-section dimensions for rectangular columns

ations
umns,
either

lowing

Uld not
omply

11.5.3.2.2 Minimum section dimensions for circular columns

Columns with circular cross-section should have a diameter of at least 300 mm.

134

h > 300 mm

Figure 84 — Minimum cross-section dimension for circular columns
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11.5.3.3 Distance between lateral supports

11.5.3.3.1 General

It should be considered that lateral restraint is provided by the deck system in the two horizontal directions at
all levels that are supported by the column. See Figure 85.

l,—hna/8 l,—hne/9 L hna/g8

2 hnc
@ hne

1
l,—hna/8 L,—hne/9 L1 hna/8
] -~ 1
hnc

] N ™

AV
\
W

1 2 3
Key

1 bdge

2 central

3 corner

Figure 85 — Lateral restraint for columns

11.5.8.3.2 Central columns

The [clear, distance between lateral supports, h,, for central columns should not exceed 10 times the
dimepsioh of the column cross-section parallel to the direction of the support. See Figure 85.

11.5.3.3.3 Edge columns

The clear distance between lateral supports, h,, perpendicular to an edge for edge columns should not
exceed 9 times the dimension of the column cross-section perpendicular to the edge. See Figure 85.

11.5.3.3.4 Corner columns

The clear distance between lateral supports, h,, for corner columns should not exceed 8 times the minimum
dimension of the column cross-section. See Figure 85.
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11.5.4 Details of reinforcement

11.5.4.1

General

For the purposes of these guidelines, the reinforcement of columns should be of the types described in this
subclause and should comply with the guides of 11.5.4.2 to 11.5.4 4.

11.5.4.2 Longitudinal reinforcement

11.5.4.21

Description and location

Longitudina
Longitudina
11.5.4.2.9)
guide to re
section acti

11.5.4.2.2
The maxin

(0,01< p <
the beam —

11.5.4.2.3

Longituding
9.6.4.2 (16

11.5.4.2.4

The minimd
(4 bars in re

11.5.4.2.5
Longitudina
11.5.4.2.6

It should bdg

as only altgrnate bars)are lap-spliced. See Figure 86. All lap splices of longitudinal reinforcement

comply with
taking acco

| reinforcement should be provided in the periphery of the column section, as guide ifn*g
| reinforcement should be located as close as concrete cover guides permit (seec9.4.4
to the lateral surfaces of the column. The amount of longitudinal reinforcement should |
ist the simultaneous action of a combination of factored axial load and factored' moments
ng about the two main axis of the section of the column. See Figure 86.

Minimum and maximum longitudinal reinforcement area
um and minimum longitudinal reinforcement area should comply. with the guides of

0,06).The maximum longitudinal reinforcement area is also limited by the beam reinforcen
column joint.

Minimum diameter of longitudinal bars

| bars of columns should comply with the minimum“guide nominal diameter, dy,, as set f
mm).

Minimum number of longitudinal bars

m number of longitudinal bars in rectamgular and round columns should be as set forth in
ctangular columns or 6 in circular Cofumns).

Minimum and maximum reinforcement spacing

| reinforcement shouldnot’be spaced closer than guide by 9.4.11 (1,5 d, or 40 mm).

Reinforcement splicing
permitted to.lap-splice up to one-half the longitudinal reinforcement at any given section, 3

9.5.2. 1 T alternative methods like gas pressure welding or mechanical connectors could b
Lint6f the practical situation of each country”]

6.4.4.
1 and
e that
at the

D.6.4.1
hent in

prth in

D.6.4.3

s long

should
e used

11.5.4.2.7

End anchorage of reinforcement

Longitudinal reinforcement at the upper end of the columns, and at the foundation elements that transmits the

loads to the

11.5.4.2.8

Offset bent
a)

b)

136

underlying soil should extend to the extreme and end with a standard hook.

Longitudinal bar offset

longitudinal bars should conform to the following:

Slope of inclined portion of an offset bar with axis of column should not exceed 1 in 6.

Portions of bar above and below an offset should be parallel to axis of column.
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Horizontal support at offset bends should be provided by lateral ties or spirals.

Horizontal support provided should be designed to resist 1,5 times the horizontal component of the
computed force in the inclined portion of an offset bar.

Lateral ties or spirals should be placed not more than 150 mm from points of bend.
Offset bars should be bent before placement in the forms.

Where a column face is offset from the face of the column below more than 1/6 of the depth of the
girder or slab, or 80 mm, longitudinal bars should not be offset bent. Separate dowels, lap spliced

11.5.4.2.9 Maximum number of longitudinal bars per face of rectangular column

and th

should be permitted to employ the following guides:

o tlo 1 H PN H N PAH 4 4 4l ££ 4+ l £ o lal o HP P I | I' h |d
Wt e 1oTrmgnountar Uar S aujatTiTt iU tTC UMmSTTU LOTaTT T TaLTS  STTUUTU UT PTUVIUTU. " TAay S ICes shou

conform to 9.5.2.1.

Figure 86 — Longitudinal bar offset

aximum number of longitudinalbars in a layer should be determined for the longitudinal and transverse

The
reinf%':cement bar diameters, the appropriate concrete cover, the maximum nominal coarse agfgregate size,

e minimum clear spacing/between bars (see 9.4.10). When these computations are not [performed, it

a) For columns-séction dimension under study, b, greater or equal to 400 mm it should bg permitted to
determine“the’ maximum number of bars in a layer employing Equation 122, where b, is the column
dimension-under study in mm. See Table 28.

b .
No. of bars per face < 6_;_1 Equation (122)

b) Three longitudinal bars should be permitted in the face of columns whose dimension under study, b,

is less than 400 mm and greater or equal to 300 mm. See Table 28.
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Table 28 — Maximum number of longitudinal bars per face of rectangular column

column dimension Maximum number of longitudinal bars
be (mm)
b. <300 mm section not permitted
300 mm < b, <400 mm 3 bars
bL’
400 mm < b, <|=%-1| bars
68

11.5.4.2.10| Maximum number of longitudinal bars in circular columns

The maxim
transverse
aggregate 9
performed,

h is the colymn diameter in mm. See Table 29.

No. of bars SL—6
22

Table 29 — Maximum number of longitudinal bars'in circular columns

column diameter
Maximum number of longitudinal bars
h (mm)
h <300 mm section not permitted
300 mm < 4 < i—6 bars
- 22

Figure 87 shows a typical column reinforeement layout.

138

Um number of longitudinal bars in circular columns should be determined for the(Tongitudirjal and
reinforcement bar diameters, the appropriate concrete cover, the maximum-nominal foarse
ize, and the minimum clear spacing between bars (see 9.4.10). When these 'computations are not
it should be permitted to determine the maximum number of bars employing“Equation 123,(where

Equation (123)
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joint ties 9 foundation element

ap splice as guide in 9.5.2 10 type A long. bars
psplice as guide in 9.5.2 11 bearing sl

type A long. bars 12 type B long. bars

lap splice as guide in 9.5.2 13 type A

type B long. bars 14 type B

lap splice as guide in 9.5.2 15 column cross-section

grade beam
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Figure 87 — Typical column reinforcement layout
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11.5.4.3 Transverse reinforcement

11.5.4.31

General

Transverse reinforcement in the form either of tie reinforcement, complying with 9.7.4.1, or spiral
reinforcement, complying with 9.7.4.2, should be provided in all columns. At column-beam joints a minimum
amount of ties, as guide by 9.7.4.3 should be placed. It should not be permitted to lap-splice bars that are part
of column ties.

11.5.4.3.2

Maximum and minimum tie and spiral spacing

The maxim
9.7.4.2, res

11.5.4.3.3

Under the ¢
employ cro
the same Id

flexural members to the columns).

im spacing along the axis of the column of the ties or spiral should be as indicated in 9,7
pectively. Tie and spirals should not be spaced closer than guide by 9.4.9.

Tie hooks

resent guidelines all ties of columns should have 135° hooks (see 9.4.6). lirshould be perm
ssties with a 135° hook in one end and a 90° in the other end, and consecutive crossties en
ngitudinal bar should have their 90° hooks at opposite sides of the_flexdral member. (Re

4.1 or

tted to

jaging
ferring

11.5.4.4 (Column reinforcement in seismic zones
In columns |that are part of a moment resisting frame located in seistic zones, reinforcement should ¢omply
with the additional guides of 13. Columns that are part of slab-column frames in seismic zones should ¢omply
with the additional guides of 13.
11.5.5 Flexural additional specifications
11.5.5.1 Guide factored loads
The guide factored axial load, P,, and moment;"M,, at section under study should be obtained following the
requirements of 11.5.2.
11.5.5.2 Initial trial cross-section/dimensions and longitudinal reinforcement
11.5.5.2.1 |Trial cross-section-dimensions
It should bel permitted to establish initial trial cross-section dimensions in the following manner:
a) Firgt trial gress cross-sectional area A4 should be obtained from Equation 124.
2((R)
A, v AL max. Equation (124
g 7 quation (124)
b) For rectangular cross-sections least dimension, b, should comply with:
>300 mm
>h/3

>h,,/10 for central columns

>h,/9 for edge columns

>h,,/8 for corner columns

c)

140

For rectangular cross-sections larger dimension, h, should comply with:

Equation (125)
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>300 mm
<3'b

>h,/9 for edge columns
>h,/8 for corner columns

)

For circular columns diameter, h, should comply with:

> 300 mm
>h,/10 for central columns
>h, /9 for edge columns

Equation (126)

Equation (127)

11.5.

It shd

11.5.

Inters
using
guids
mom
exce
of cg
exce
dime
sameg

11.5.

Once

(> hy,/8 for corner columns

5.2.2 Trial longitudinal reinforcement

uld be permitted to establish initial trial area of longitudinal reinforcement, Ag;, inthe followin

)

For rectangular cross-sections the first trial area of longitudinal reinforcement, Ay, sh
with:

Astz{

)

5.3 Factored flexural moment verification

0,01- Ag
4- (Ab)min.

For circular cross-sections the first trial area of longitudinal reinforcement, Ay, should cor

0,01- Ag
6- (Ab)min.

ction diagrams for the column dimensions and reinforcement should be calculated in bg
the guides of 11.2.2 to 11.2.5. The design moment in both directions should be verified €]
s of 11.1.6. If the factored flexural moment, M,, at required factored axial load, P,, exceed

pding the maximum reinforcement area permitted by 9.6.4.1 or the maximum number of ba
lumn of 11.5.4.2.10. (Ifyan increase of the column dimensions is required because the
pded, the columns ‘selfweight should be corrected, and the column should be verified
nsions. These veFifications should be performed at the upper and lower sections of the ¢
story.

5.4 Biaxial moment strength verification

theécolumn is verified for both directions independently, the biaxial design moment shou

empl

J manner:

ould comply

fuation (128)

nply with:

fuation (129)

th directions

mploying the
s the design

ent strength at axial load level P, the area of longitudinal reinforcement should be increased, without

's in the face
se limits are
for the new
olumn of the

d be verified

pying the guides of 11.2.8 at the upper and lower sections of the column of the same story.

11.5.6 Shear additional specifications

11.5.6.1

Factored shear

The factored shear, V,, should be determined from the vertical loads, and from the horizontal loads. The value
should be that obtained from the appropriate load combinations from 8.9.1.

11.5.6.1.1 Factored shear from vertical loads

The factored shear caused by the vertical loads should be determined from Equation 130 for each direction:

© IS0
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Mlt + MU ottom i
v :( )wp h( Do Equation (130)

n

where (M,)p corresponds to the factored moment at the upper end of the column, (My)setom to the factored
moment at the lower end of the columns, and h,, is the clear distance between lateral supports of the column.

11.5.6.1.2 Factored shear from horizontal loads

The factored shear, Vu, caused by horizontal loads should be determined from the horizontal loads prescribed
in 8, employing the appropriate load combinations from 8.9.1.

11.5.6.2 Shear strength verification

The shear strength verification should be performed for beam-action shear employing the guides of 1}1.2.9.1
and 11.2.9]2. The contribution of concrete to shear strength should be evaluated using Equation 3B. The
contribution| of the transverse reinforcement of the column should be determined in the direction undef study
using Equation 34 where A, corresponds to the area of the tie legs parallel to the shear,)and s to the larger tie
spacing within the clear height of the column. The verification in the direction under study should be performed
employing Equation 31 and Equation 32. If Equation 31 is not met, the tie spacing.s’should be reduced.

11.5.6.3 Biaxial shear strength verification

When the ¢olumn is subjected to shear in the direction of each axis Simultaneously, it should comply with
Equation 131:

—_

),

A C. |
J{@”/)J {(¢'Vn)y} <10 Equation (131)

where (Vy)|and (V,), correspond to the factored shear that act in the direction of axis x and y, and (¢-V})«x and
(¢ -Vy)y cornespond to the values of the design shear strength obtained from Equation 130 for the apprppriate
direction x gr y.

11.6 Congrete walls

11.6.1 Gernleral

The design|of structural concCrete walls should be performed using the guides of present 11.6 Both in-plane
and out-of-plane effects gn.reinforced concrete structural walls are covered.

11.6.2 Desjign load definition

11.6.2.1 Loads to be included

The design load for structural concrete walls should be established from the guides of 8. The loads that should
be included in the design are (See Figure 88):

a) Tributary live and dead loads from the tributary structural elements from each deck located above.
Tributary loads should be established from the guides of 8 and the particular guides of each tributary
element type.

b) Selfweigth of the structural concrete wall.

c) Lateral forces from wind, earthquake or soil lateral pressures.
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Vu of story n-1 wall equal to Vu from story n plus lateral force from story n

Figure 88 — Structural concrete wall applied factored design forces
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11.6.2.2 Dead load and live load

The values of Py for dead load and P, for live load should be in N. P4 should include the selfweight of the
structural concrete wall, at 25 x 10°> N/m>. The selfweight should be factored employing the load factors for
dead load of the correspondlng combination equation from 8.9.1. It should be permitted to apply the selfweight
of the wall corresponding to each deck at the lower part of the structural concrete wall in that deck. The value
of the unbalanced moment caused by vertical loads should be obtained from the guides of the supported
element. See 11.1.6.

11.6.2.3 Lateral design load

The value ¢fthe applied factored horizontal design shear, V,, should be obtained from the guides of_1]3. The
value of the factored lateral load moment, M,,, should be established in the following manner:
a) The lateral load factored shear at x, V,,, should be obtained for the wall as per sectiony13:
b) Fagtored lateral load moment, M,,, at any height x should be obtained employing)Equation 132
M., =Fy -(Hy =) Equation (132)
Vu Fu Fu
1 )
T Vux (Hw-x)
Mux X
2 i)
Vu
Mu=Fu Hw
Key
1 deck leyel
2  foundafjon level
Figure 89 — Calculation of the lateral load factored moment
11.6.2.4 Hactored design load
The value gf the factored{design forces P,, V,, and M, should be established for the structural concrete wall,
for both inglane and-out of plane forces. See Figure 90. P, at the top of the wall is the portion of the total
weight of the superstrUcture which is transferred to the wall. In addition to his, P, at the bottom of the wall
includes the self weight of the wall. V, acting in the plane of the wall is the lateral force transferred from the
superstructlire-to the wall due to wmd and earthquake Ioads V, acting out of the plane of the wall is the force
transferred from v

144
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Figure 90 — In-plane and out-of-plane forces

B Dimensional additional specifications

3.1 General

dition to the appropriate specifications of the present subclause, structural concrete walls s
he general dimensional specifications set forth in 6.1 and 13.4.1. Structural concrete wall §

btion permitted by 14.6.8.3.1. Structural concrete walls should be continuous all the way
ation.

B.2 Limiting/dimensions

3.2.1 _‘Minimum thickness structural concrete walls

hould comply
ection shape

d be rectangular. All other cross-section shapes are beyond the scope of these guidelines, with the

down to the

rthe present guidelines, the thickness of structural concrete walls should not be less than

150 mm (see

e gT)ynor 1725 of the length of the wall I,, and at changes of thiCKNess In CoNtiguous Stories,
1 ¢) should be met.
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Where « =

he two horizontal directions. To avoid the risk of wall bugkling, the thickness of the str|

jular Columns

2
Pu-a-H
g |2 xHW

" bew, Lew and 4w are shown in Figure 94

re 91 — Minimum cross-section dimensions for rectangular structural concrete walls

ateral supports
considered that lateral restraint is provided to the wall by the’deck system and by the four

Il shold not be less than ), of its total height.

Columns embedded in walls

ay be built monolithically embedded in wallsto avoid buckling, without having to increa

E

cw

T

bw

dation
Lictural

se the

f the whole wall cross-section. The transverse dimension of the column should be calculated as
tion 133 and Equation 134.

Equation (133)

|5

e

Lw

Figure 92 — Rectangular Columns Embedded in walls

For Circular Columns

2
re =4 0.33M
V E

146

Equation (134)
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Where rc and Hw are shown in Figure 93

rc

T Lw

Figure 93 — Circular Columns Fmbedded in walls

11.6.3.4 Beams on top of walls
Beans or girders should be provided for the full horizontal length of the wall at eyety deck supported by the

strucfural wall. These beams or girders should comply with the guides of 11.1.2.3,)and should be feinforced as
collegtor elements following the guides of 10.5.4.3.

11.6.4 Details of reinforcement

11.6.4.1 General

For the purposes of these guidelines, the reinforcement of (structural concrete walls should be|of the types
desciibed in this subclause and should comply with the guides of 11.6.4.2 to 11.6.4.4.

11.6.4.2 Number of curtains of reinforcement
11.6.4.2.1 Two curtains of reinforcement

Two gurtains of reinforcement parallel withithe faces of the wall should be employed in the followihg cases:
d) When the wall is more than'250 mm thick.
b) In walls where the vertical reinforcement ratio, p,, exceeds 0,01. See 9.6.5.2 and 11.6.4.3.2.

d In walls where thelin-plane factored shear force, V,, in the wall exceeds (¢ - V) as giver] by Equation
116.

The dlivision of reinforcement into layers, and their location within the wall section should comply with 9.4.15.2.

11.6.4.2.2 ~One curtain of reinforcement

In all.the other cases not covered by 11.6.4.2.1 it should be permitted to employ only ome curtain of
reinforcement located in the center of the thickness of the wall.

11.6.4.3 Vertical reinforcement

11.6.4.3.1 Description

Vertical reinforcement should consist in one or two layers of bars or welded-wire fabric placed parallel with the
faces of the walls. The amount of vertical reinforcement should be that required to resist the simultaneous
action of a combination of factored axial load and factored moments at the section acting about the two main
axis of the section of the structural concrete wall.
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11.6.4.3.2 Minimum and maximum vertical reinforcement area

The maximum and minimum vertical reinforcement area should comply with the guides of 9.6.5. When the
amount and separation of vertical reinforcement vary within the wall cross-section, or columns are built
monolithically embedded within the wall cross-section, the following guides should be met:

a) Where the vertical reinforcement is concentrated either by increasing the vertical bar diameter or
reducing the spacing between bars, the vertical reinforcement ratio, p,, in that portion of the wall
should not exceed maximum vertical reinforcement ratio set forth by 9.6.5.2. The vertical
reinforcement ratio should be evaluated over an area bounded by the faces of the wall and 50 mm
measured along the length of wall from the last bars with a closer spacing or larger diameter. See

Fi faV/EPRY
Igure—o5—=ay:

b) Where the vertical reinforcement is reduced either by separating it further apart or by deCreas|ng the
vertical bar diameter, the vertical reinforcement ratio, p,, should not be less than the minimum vertical
reipforcement ratio set forth by 9.6.5.1 at any place within the wall cross-section. Sege, Figure 94 b).

[ i

s
N7
c iy x%x

——«L 50 mm s/2 —l<——l<——l— s/2
(a) (b)

Key
1 area fof computation of the steel ratio

2 area fof computation of the steel ratio

Figure 94 — Computation of the vertical reinforcement ratio

11.6.4.3.3 |Maximum reinforcement separation

Vertical reinforcement shotild not be spaced further apart than guide by 9.4.15.

11.6.4.3.4 |Reinforcement splicing

Lap spliceg of4vertical wall reinforcement should comply with the lap splice length of 9.5.2. It shopld be
permitted tg lap-splice all the vertical reinforcement at any given section, except at the supported element of
the deck system.

11.6.4.3.5 End anchorage of reinforcement

Vertical reinforcement at the upper end of the structural concrete walls, and at the foundation elements that
transmit the loads to the underlying soil should extend to the extreme and end with a standard hook.
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11.6.4.4 Horizontal reinforcement

11.6.4.4.1 General

Horizontal reinforcement should consist in one or two layers of bars or welded-wire fabric placed parallel with
the faces of the walls, and under the circunstances described in 11.6.4.3.2. Transverse reinforcement, as in
columns, should be provided. The amount of horizontal reinforcement should be that required to resist the
factored in-plane shear at the section of the structural concrete wall.

11.6.4.4.2 Walls with transverse reinforcement as in columns

Whelle the vertical reinforcement ratio, py, exceeds 0,01, vertical reinforcement should be enclosed by ties
complying with the guides for column tie transverse reinforcement as guide by 9.7.4.1..Seg 9.6.5.2 and
11.6.4.3.2 a). The vertical spacing of this tie reinforcement should meet the guides for columns.

11.6.4.4.3 Minimum horizontal reinforcement area

The minimum horizontal reinforcement area should comply with the guides of 9.7.5.

11.6.4.4.4 Maximum horizontal reinforcement spacing

The maximum vertical spacing of the horizontal reinforcement should be as indicated in 9.4.15.1.
11.6.4.4.5 Reinforcement splicing

It shquld be permitted to lap-splice the horizontal reinforeement complying with the lap splice length of 9.5.2.

11.6.4.4.6 End anchorage of reinforcement
Horizontal reinforcement terminating at the.edges of structural walls should have a standard hqok engaging

the efdge vertical reinforcement, or should.have U-shaped stirrups having the same size and spacing as, and
spliced to, the horizontal reinforcement.

11.6.4.5 Structural concrete wall' reinforcement in seismic zones

Strugtural concrete walls that .are part of the lateral load resisting system in seismic zones, reinforcement
should comply with the additional guides of 13.

11.6.p Flexural additional specifications

11.6.5.1 Required factored loads

The 1equired factored axial load, P,, and moment, M,, at section under study should be obtained|following the
requirements of 11.6.2.

11.6.5.2 Initial trial vertical reinforcement

It should be permitted to establish initial trial area of vertical reinforcement, Ay, employing the minimum
vertical reinforcement ratio of 9.6.5.1.

11.6.5.3 Required factored moment strength verification

Interaction diagrams for the structural concrete wall dimensions and reinforcement should be calculated in
both directions using the guides of 11.2.2 to 11.2.5. The total vertical reinforcement area, Ay, should be
divided into total extreme steel area, A, and total side steel area, A, for the direction under study, as guide
by 11.2.4.1. The design moment in both directions should be verified employing the guides of 11.1.6. If the
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