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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The aim of this document is to provide rules for the design and construction of relatively short span
prestressed concrete I-girder bridges. This document 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 document may not be used in place of a national standard unless specifically
considered and accepted by the national standards body or other appropriate regulatory organization.
The design rules are based on 51mp11f1ed worldw1de -accepted strength de51gn models ThlS document is
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um dimensional guidelines contained in this document are intended to acceunt|for
side effects that require more sophisticated analysis and design procedures. Material pnd
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uake resistance guidelines are included to account for the numerous régions of the wprld
1 earthquake prone areas. The earthquake resistance for zones with-high seismic hazard is
ne employment of structural concrete walls (shear walls) that limitthe lateral deformatjons
ture and provide for its lateral strength, in place of piers or frafnes that can be used in zdnes

hent contains provisions that can be modified by thenational standards body due to lpcal
| construction requirements and practices. The specifications that can be modified |are
bing ["boxed values"]. The national standards bodyis expected to review the "boxed valjies"
bstitute alternative definitive values for these elements for use in the national applicati(];
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viii

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895
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Simplified design of prestressed concrete bridges —

Part 1:
I-girder bridges

1 [Scope

Thif document provides information to perform the design of the prestressed concrete-I-girder bridge
for road that complies with the limitations established in 6.1. The rules of design-'set fgrth in this
document are simplifications of more elaborate requirements.

Desligns and details for new road bridges address structural integrity by considering the following:
— |the use of continuity and redundancy to provide one or more alternate paths;
— |structural members and bearing seat widths that are resistant to damage or instability; and

— |external protection systems to minimize the effects of reasonably conceived severe loads.

2 |Normative references

The following documents are referred to in the téxt'in such a way that some or all of their content
congtitutes requirements of this document. For'dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

1S0|28842, Guidelines for simplified design ofteinforced concrete bridges

3 [Terms and definitions
For|the purposes of this docuiment, the following terms and definitions apply.
[SOJand IEC maintain teyminological databases for use in standardization at the following addresses:

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

— |IEC Electropedia: available at https://www.electropedia.org/

3.1
admixture

materiakother than water, aggregate, or hydraulic cement, used as an ingredient of concreteland added
to conecrete before or dnring its mixing ta mndify its properties

3.2
anchorage
device used to anchor a non-structural element to the structural framing

3.3

beam

horizontal, or nearly horizontal, structural member supported at one (such as a cantilever) or more
points, but not throughout its length, transversely supporting a load (3.31), and subjected primarily to
flexure

©1S0 2021 - All rights reserved 1
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3.4
clearance

distance by which one thing clears another; the space between them

3.5

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

3.6

specified compressive strength

compressiy
appropriat

Note 1 to er
value only i

3.7

confineme
hook (3.22
diameter (|
projects in

3.8
confinemg
closed stirH

re cylinder strength of concrete used in design and evaluated in accordance with
e [SO standard, expressed in megapascals (MPa)

try: Whenever the quantity f.”in under a radical sign (+/ f, ' ), the positive square rootof nume
intended, and the result has units of megapascals (MPa).

nt hook

) on a stirrup (3.46), hoop, or crosstie (3.11) having a bend not_less"than 135° with a
but not less than 75 mm) extension that engages the longitudinal reinforcement (3.32)
fo the interior of the stirrup or hoop

nt stirrup
up (3.46), tie (3.49) or continuously wound spiral

Note 1 to enfry: A closed stirrup or tie can be made up of severalteinforcement elements each having confiner

hooks (3.7)

3.9

corrosion
gradual re
oxygen, an

3.10
cover
thickness
member

3.11
crosstie
continuoug
six-diamet

Note 1 to en|
engaging th

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

moval or weakening of metal fromqits surface that requires the presence of humidity
H is helped by the presence of other'materials

bf concrete between surface of any reinforcing bar and the nearest face of the conc

reinforcing.bar having a 135° hook (3.22) at one end and a hook not less than 90° at leq
br extens$ion at the other end

try:«THe hooks should engage peripheral longitudinal bars. The 90° hooks of two successive cross
e Same longitudinal bars should be alternated end for end.

the

ical

six-
and

hent

and

rete

sta

ties

3.12
deformed

reinforcement

steel reinforcement that has deformations in its surface to increase its bond to the concrete

Note 1 to entry: The following steel reinforcement should be considered deformed reinforcement in this
document: deformed reinforcing bars, deformed wire, welded plain wire fabric, and welded deformed wire fabric

conforming to the appropriate ISO standards.

3.13

design strength

product of the nominal strength (3.35) multiplied by a strength reduction factor (3.47)

2 © IS0 2021 - All rights reserved
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3.14

development length

length of embedded reinforcement required to develop the design strength (3.13) of reinforcement at a
critical section

3.15

development length

<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 (3.22)

3.16
dudt
material creating a conduit in a concrete member to accommodate the prestressing steel (3.38) of a post-
tengioning (3.37) tendon (3.48)

31

durjability
chafacteristic of a structure to resist gradual degradation of its serviceability in a given erjvironment
for the design service life

31
effgctive depth
disfance measured from extreme compression fibre to centroid‘ef tension reinforcement

31
embedment length
length of embedded reinforcement provided beyond acritical section

3.2
factored loads
spefified nominal loads (3.34) (forces) multiplied by the load factors (3.30) prescribed in thi§ document

3.2
girdler
main horizontal support beam (3.3);-«asually supporting other beams

3.2p
hogk
bend at the end of a reinfoxeing bar

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

3.2
jacking force
temporary-force in prestressed concrete, exerted by the device that introduces tension into the tendons
(3.48)

3.2
joist

T-shaped beam (3.3) used in parallel series directly supporting deck loads (3.31), and supported in turn
by larger girders (3.21), beams, or bearing structural concrete walls

3.25
lap splice
splice between two reinforcing bars obtained by overlapping them for a specified length

3.26

limit state

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

©1S0 2021 - All rights reserved 3
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3.27
live load

static and dynamic effect, in terms of forces applied on the structure, produced by the use of the bridge
by pedestrians and/or vehicles and not including construction or environmental loads (3.31)

3.28

load combination
combination of factored loads (3.20) and forces as specified in this document

3.29

load effect

force and deformation produced in structural members by the applied loads (3.31)

3.30

load factor

factor thatpccounts for deviations of the actual load (3.31) from the nominal load (3.34), férjancertainties
in the analjsis that transforms the load into a load effect (3.29), and for the probability,that more than
one extrenpe load will occur simultaneously

3.31

load

force or ofher action that results from the weight of all bridge mateyials, pedestrians, vehig¢les,
environmental effects, differential movement, and restrained dimensijonal changes

3.32

longitudinal reinforcement

reinforcemlent that is laid parallel to the longitudinal axisef ‘the element, generally to account for

flexural eff

3.33
mesh wirg
welded-wi

3.34

ects

e fabric reinforcement

nominal 1¢ad

magnitude
earthquak

3.35

nominal s
capacity of
using spec

of the loads (3.31) specifiedvin'this document (dead, live, soil, wind, snow, rain, flood,

?)

frength
a structure or_member to resist the effects of loads (3.31), as determined by computat
fied materialstrengths and dimensions and the Formulae set forth in this document

Note 1 to erftry: Specified material strengths are derived from accepted principles of structural mechanics g

field tests o
and field co

" laboratory tests of scaled models, allowing for modelling effects and differences between labora
hditions:

3.36

and

ons

r by
fory

permanent load

load (3.31)

in which variations over time are rare or of small magnitude

Note 1 to entry: All other loads are variable loads (see also 3.34).

3.37

post-tensioning
method of prestressing reinforced concrete in which tendons (3.48) are tensioned after the concrete
has attained a specified minimum strength or a specified minimum age

3.38

prestressing steel
high-strength steel elements such as wire, bar, or strands used to impart prestress forces to concrete

© IS0 2021 - All rights reserved
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3.39
pretensioning
method of prestressing in which prestressing steel (3.38) is tensioned before the concrete is placed

3.40

required factored strength

strength of a member or cross-section required to resist factored loads (3.20) or related internal
moments and forces in such combinations as are stipulated by this document

3.41
service load
load (3.31) without load factors (3.30)

3.42
shrinkage and temperature reinforcement
reiffforcement normal to flexural reinforcement provided for shrinkage and tefaperature stresses in
structural solid slabs and footings where flexural reinforcement extends in ong¢ direction onlly

3.43
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 tg-the length of the abutmgnts

34
slab (deck)
uppler flat part of a reinforced concrete deck carried by supporting joists (3.24), beams (3.3) or girders
(3.41)

3.45
spiral reinforcement
conftinuously wound reinforcement in the form of a cylindrical helix

3.46
stifjrup
reinfforcement used to resist shear and torsion stresses in a structural member

Note 1 to entry: Typically, bars, wires or welded-wire fabric (plain or deformed) either single leg or bent into L, U,
or rectangular shapes and located perpendicular to or at an angle to longitudinal reinforcement (3.32). (The term
"stifrups” is usually applied, to"lateral reinforcement in girders (3.21), beams (3.3) and joists (3.24). The term

tie$" to those in columns.and walls, perhaps because they are intended also as confinement for the Jongitudinal
reinfforcement.) See als0"3749.

3.4Y
stréngth reduction factor
coefficient ‘that accounts for deviations of the actual strength from the nominal strength (3.35),
accordingto the manner and consequences of failure

Not¢ 1.to entry: Including the probability of understrength members due to variations in material stfengths and
dimensions, approximations in the design Formulae, to reflect the degree of ductility and required reliability on
the member under the load effects (3.29) being considered, and to reflect the importance of the element in the
structure.

3.48

tendon

an assembly consisting of a tensioned element (such as a wire, bar, rod, strand, or a bundle of these
elements) used to impart compressive stress in concrete, along with any associated components used
to enclose and anchor the tensioned element

© IS0 2021 - All rights reserved 5
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3.49
tie

loop of reinforcing bar or wire enclosing longitudinal reinforcement (3.32)

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

3.50

transfer length
length from the end of the member where the tendon (3.48) stress is zero to the point along the tendon
where the prestress is fully effective

3.51
transvers¢ reinforcement
reinforcen]ent located perpendicular to the longitudinal axis of the element, comprising stirrups (3.46),
ties (3.49),|spiral reinforcement (3.45), among others
3.52
yield strength
specified minimum yield strength or yield point of reinforcement
Note 1 to enftry: The yield strength is expressed in units of megapascals (MPa).
Note 2 to erftry: Applicable International Standards specify that the yield streéngth or yield point be determ|ned
in tension.
4 Symbols and abbreviated terms
Symbol Explanation Unit
a depth of equivalent uniform compressive stress block mm
a, acceleration limit g
Aoff lateral dimension of the effective bearing area measured parallel to the larger mm
dimension of the cross-section
a lateral dimension of the anchorage device or group of devices in the direction mm
considered
a, peak acceleration g
maximum area of the.portion of the supporting surface that is similar to the loaded mm?
area and concentricwith it and does not overlap similar areas for adjacent anchor-
nge devices
A, fraction of ac€eleration of gravity —
4, effective bedring area mm?
A, area of cohcrete section mm?
A aréaof the confined column core, in a column with spiral reinforcement, measured mm?
centre to centre of the spiral
Acont bearing area of the confined concrete in local zone mm?
A, area of concrete section resisting shear transfer mm?
A, gross area of section of element mm?
A late anchor bearing plate area mm?
Aps area of prestressing steel mm?
Apsa area of prestressing steel corresponding to concrete deck mm?
A, area of longitudinal tension reinforcement mm?
AS area of longitudinal compression reinforcement mm?
AS min minimum area of longitudinal tension reinforcement mm?
A area of spiral reinforcement mm?
6 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895

ISO 21725-1:2021(E)

Symbol Explanation Unit
A total area of longitudinal reinforcement mm?2
A, area of shear reinforcement (stirrup) within a distance s mm?
Ay area of interface shear reinforcement mm?

vpe area of additional reinforcement across the interface shear plane mm?
b width of section of the member mm
bg lateral dimension of the effective bearing area measured parallel to the smaller mm

dimension of the cross-section
b¢ effective-width-of-the-compression-angeinaT-shaped-section mm
by e width of upper flange of girder mm
b; width of interface mm
b, web width of girder or beam mm
¢ cohesion factor at interface MPa
d effective depth of reinforcement mm
d distance from extreme compression fiber to centroid of compressignréeinforce- mm
ment
dy, nominal diameter of reinforcing bar or strand mm
diyulst distance from anchorage device to the centroid of the bur§ting force mm
d. distance from extreme tension fiber to centroid of tension reinforcement mm
d.. centre-to-centre diameter of spiral mm
dee one-half the effective length of the failure plane.in‘shear and tension for a curved mm
element
d, effective depth of prestressing tendon mm
d, distance between the centroid of the tension steel and the mid-thickness of the mm
slab to compute a factored interface-shear stress
e, eccentricity of the anchorage deviice or group of devices with respect to the cen- mm
troid of the cross-section; always taken as positive
E modulus of elasticity MPa
E, modulus of elasticity efthe bearing plate material MPa
E. modulus of elasticity-ef concrete MPa
E modulus of elasticity of concrete when post-tensioned MPa
E. modulus of elasticity of concrete at transfer MPa
E, modulus of€lasticity of prestressing steel MPa
b stressdin anchor plate at a section taken at the edge of the wedge hole or holes MPa
S specified compressive strength of concrete MPa
fe.d specified compressive strength of concrete deck MPa
fod compressive strength of concrete reduced by the material factor MPa
fc_g specified compressive strength of concrete girder MPa
fo specified compressive strength of concrete at time of initial loading or prestress- MPa
ing
for average (required) compressive strength of concrete MPa
feap concrete stress at the centre of gravity of prestressing tendons due to the pre- MPa
stressing force immediately after transfer and the self-weight of the member at the
section of maximum moment
feQp stress in the concrete adjacent to the tendons, due to self-weight and initial pre- MPa
stress and other quasi-permanent actions
Ix; natural frequency of floor structure 1/s
foe effective stress in the prestressing steel after losses MPa
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Symbol Explanation Unit
foi prestressing steel stress immediately prior to transfer MPa
foi stress in the prestressing steel at jacking MPa
fos average stress in prestressing steel at the time for which the nominal resistance of MPa

the member is required
fou tensile strength of prestressing strand and bar MPa
foy yield strength of prestressing strand and bar MPa
foyd yield strength of prestressing strand and bar reduced by the material factor MPa
fs stress-inreinforcement MPe
fe tress in compression reinforcement MPT",\
feo effective stress in the prestressing steel after losses Vi a
fy specified yield strength of reinforcement ,'\ ‘MPa
fyd yield strength of reinforcement reduced by the material factor A MPa
fvs specified yield strength of transverse or spiral reinforcement n'\\ MPa
F force e v kg-m/s?
F, Site coefficient i \%v —
Fiin in-plane deviation force effect per unit length of tendon ) O\ . N/mm
Fyout put-of-plane force effect per unit length of tendon (\<( N/mm
g ncceleration of gravity R QV m/s2
h pverall depth or thickness of the member &\3\,\ mm
hy height or thickness of deck %) - mm
h¢ height or thickness of flange _\\3‘ mm
h lateral dimension of the cross-section in the di:t;@‘on considered mm
H the largest height of bridge supports r\\\‘ m
Hp height of the support where forces are bginxgvevaluated m
H, average annual ambient relative humidi SI %
I second moment of area . N/ mm*
I, second moment of area of C(pJ\@t mm*
I second moment of area of(d%d{ m*
Ip second moment of ar’g_@ wall, frame or pier m#*
k stiffness or spring,g_etgtant kg/s?
K wobble frictiolg@"{ficient /mm
. longitudina%nt of confining reinforcement of the local zone mm
Iy develom@% length for reinforcing bar and pretensioning strand mm
Lyer Inflg@;mg distance of anchorage set mm
L, hdb'z\ontal length of structural concrete wall mm
L span length m
L, length of continuous deck m
Ly total length m
m mass kg
mr total mass kg
M, nominal flexural moment strength at section N-mm
M, factored flexural moment at section N-mm
n number of anchorages in a row —
n, projection of base plate beyond the wedge hole or wedge plate mm
N number of identical prestressing tendons —
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Symbol Explanation Unit
p slope of prestressing force distribution due to friction N/mm
P, net force across the interface shear plane N
P, part of live loads used to calculate distribution factor for live loads N or N/mm
P, bearing resistance of anchorages N
P, tendon force N
R radius of curvature of the tendon at the considered location mm
s centre-to-centre spacing of reinforcements mm
S, Centre-to-centre spacing of anchorages | mm
Se clear spacing of reinforcements (.0/\ mm
S, design response spectrum R .();J —
Sg spacing of girders or webs V< m

. =4
t time /\q/ days or h
ty average thickness of the bearing plate q'> ) mm
t, time of prestress release ,-O i h
T natural period 9\\‘0 S
Thukst tensile force in the anchorage zone acting ahead of the anchofage device and trans- N
verse to the tendon axis o\
Vyi factored interface shear stress R QV MPa
V. contribution of the concrete to the nominal shea@@ngth at section N
v, nominal shear strength at section ‘,-\@ - N
Vi nominal shear resistance of two shear planesper unit length N/mm
V. shear resistance per unit length of the K@%‘rete cover against pull-out by deviation N/mm
forces N
V, contribution of the shear reinforcéi&%nt (stirrup) to the nominal shear strength at N
section e
Ve shear force caused by therr@a}\expansion N
v, factored shear force at *Qétion N
Vi conservative enve‘l_@\?alue of V,, N
Vi factored interfgge‘&ﬂear force N
W, equivalent L@*ﬁd force kN/m
W, seismicy\@\mly distributed load kN/m
w effec@ﬁ\v{/eight of floor structure kN
X 1 Wofa prestressing tendon from the jacking end to any point under considera- mm
Ze, ,(?‘aistance between centre of gravity of concrete section and tendons mm
a % " |sum of the absolute values of angular change of prestressing steel path from jack- rad
Ing end, or from the nearest jacking end 1f tensioning 1s done equally at both ends,
to the point under investigation
a. coefficient of thermal expansion for concrete /°C
a, angle of inclination of a tendon force with respect to the centreline of the member; rad
positive for concentric tendons or if the anchor force points toward the centroid
of the section; negative if the anchor force points away from the centroid of the
section
B modal damping ratio —
y load factor —
Y ine material factor for concrete —
Yins material factor for steel —
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Symbol Explanation Unit
Or longitudinal change due to thermal expansion mm
A displacement m
Afon prestress loss due to anchorage set MPa
Aprs sum of all prestress losses or gains due to elastic shortening or extension at the MPa

time of application of prestress and/or external loads
Afor prestress loss due to friction MPa
Aforr prestress losses due to long-term shrinkage and creep of concrete, and relaxation MPa
of the steel
Afor prestress loss due to relaxation of a strand MP4d
Afor total loss of prestress MB4d
Al anchorage set mm
Ap temperature variation °C
Ecs shrinkage strain m/m

csu ultimate shrinkage strain m/m
U curvature friction coefficient /rad
U friction factor at interface —
p ratio of longitudinal tension reinforcement —
p ratio of longitudinal compression reinforcement —
Ph ratio of horizontal reinforcement in structural concrete walls —

max maximum permissible ratio of longitudinal flexural tension reinforcement —

min minimum permissible ratio of longitudinal flexural tension reinforcement —
Pr ratio of total longitudinal reinforcement area —
Py ratio of vertical reinforcement in structural cencrete walls —
¢ strength reduction factor —
o(tty) creep coefficient —
o ultimate creep coefficient —
W angular frequency rad/s
5 Design and construction procedure
5.1 Progedure
The design| procedure\¢comprises the following steps (see Figure 1).
a) Step A| preliminary design of structure

Definitiomof the layout in plan and height of the structure, according to the provisions of Clauge 7.

Verify that the [imitations of 6.1 are met.
b) Step B: definition of loads

Calculation of all gravity loads that act on the structure using the provisions of Clause 8, excluding
the self-weight of the structural elements.

c) Step C: definition of an appropriate superstructure system, depending on the span lengths and the
magnitude of the gravity loads.
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d)

f)

g)

h)

j)
k)

ISO 21725-1:2021(E)

Step D: design of slab (deck)

Trial dimensions for the slab (deck) of the superstructure system Calculation of the self-weight of

the system, and design of the elements that comprise it, correcting the dimension as r
the ultimate and serviceability limit states.

Step E: design of beams and girders

equired by

Trial dimensions for the beams and girders and calculation of their self-weight. Flexural and

shear design of the beams and girders, correcting the dimension as required by the ul
serviceability limit states.

timate and

Step F: design of substructure

Trial dimensions for the substructure system such as column/pier with pier cap,and
of its self-weight. Elements slenderness verification and design for combination of axi
moment, and shear, correcting the dimension as required by the strengthrahd serviced
states.

Step G: definition of lateral forces

If lateral loads such as earthquake, wind, or lateral earth pressure exist, their m3
established using the provisions in Clause 8. Otherwise, the désigner should proceed to

Step H: design of foundations

The loads at the foundation level are determinedy-and a definition of the foundation
performed. The structural elements of the foundation are designed.

Step I: design of structural walls

Preliminary location and trial dimensions"for structural concrete walls capable of re
lateral loads established. The influence) of their self-weight is evaluated, and flexural
design of the structural concrete walls is performed.

Step J: production of structural'drawings

Step K: construction of thelstructure (in line with local construction and practice)

calculation
hl load and
bility limit

gnitude is
Step L.

system is

sisting the
and shear
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Step A: preliminary design of structure

-

Step B: definition of loads

-

Step C: definition of superstructure system

5.2 Desi

5.2.1 Ge|

The design

5.2.2 Ca

The struct
contain, as

L
Step D: design of slab (deck)
0
Step Erdesigmof beams and girders
0
Step F: design of substructure
J L
Step G: definition of lateral forces
J L
Step H: design of foundations
Jr
Step I: design of structural walls
J L
Step J: structural drawing$
J b

Step K: construction of structure

Figure 1 — Design and construction procedure

gn documentation

neral

steps should be fully recorded in the following documents.

culation report

ural designer Sshotlld document all design steps in a calculation report. This report shg
a minimum?

a) the gemeral stiuetural requirements of the project, as required by 7.1;

b) adesci

riptien of the structural system employed;

c) loadsand assumptions employed;

d) grade,

strength and fabrication standards for all structural materials;

e) presentation of all design computations; and

f) sketch

5.2.3 Ge
The geotec

a) the soi

12

es of the reinforcement layout for all structural elements.

otechnical report
hnical report should record, as a minimum:

l investigation performed;

uld
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b) the definition of the allowable bearing capacity of the bearing soil; and

c) the lateral soil pressures required for design of any soil retaining structure, side friction, end
bearing capacity, and lateral soil stiffness required for design of deep foundation and all other

information.

5.2.4 Structural drawings

All the drawings required for construction of the bridge.

5 2 |l Caanifiods oo o
i f T JPCTIIICationns

The construction specifications required.

6 |General provisions
6.1/ Limitations

6.1/1 General

This document should be employed only when the bridge-bé¢ing designed complies w

limjtations set forth in 6.1.2 to 6.1.14.

6.12 Permitted use

Desdlign of bridges of mixed use according to this“document should be permitted, but re

pedestrian and vehicular traffic. Bridges for trains‘are beyond the scope of this document.

6.113 Maximum number of spans

Thg maximum number of spans fora.bridge designed according to this document shoulg

Table 1.

Table 1 — Maximum allowed number of spans

Number of spans

Bridge over water [3]

Bridge for road overpass [3]

6.1J4 Maximum span length

Thg maxintum span length allowed is [60] m for each span.

ith all the

stricted to

be as per

6.1.5 Maximum difference in span length

Span should be approximately equal, with the larger of two adjacent spans not greater than the shorter

by more than the percentage specified in Table 2.

Table 2 — Maximum difference in two consecutive span lengths

Total number of spans Length difference, %
(2] 20
(3] 15

© IS0 2021 - All rights reserved
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6.1.6 Maximum cantilever length

The maximum clear cantilever length for girders and beams should not exceed 3 m or 33 % of the
length of the first adjacent interior span, whichever is smaller, in order to avoid cantilevers too long
for the purposes of this document, as greater lengths can require detailed structural analysis to verify
serviceability conditions such as deformation, vibration and fatigue, among other criteria.

Continuous deck slab cantilevers over intermediate beam supports may have lengths up to 63 % of the
length of the adjacent span.

6.1.7 Maximum hpight of hridgp

The height] of the bridge supports, including abutments and piers, shall not exceed the valués, given
in Table 3] according to seismic hazard level or wind intensity. The difference between the-varjous
supports heights for the same bridge shall not exceed 20 %, as more detailed analysis wouldbe required
to assess the impact of such differences on stiffness and force distribution.

Table 3 — Maximum allowable support height

$eismic hazard level or wind inten- Low Intermediate High
§ity
Maximum height, m [15] [12] [10]

6.1.8 Maximum number of lanes

The maximpum number of lanes for a vehicular bridge designed according to this document should be
[4]. Up to [R] sidewalks may be considered in addition to thé.vehicle traffic lanes.

6.1.9 Width limitations
Pedestrian bridges should not have widths of less than [1,5] m.

Vehicular hridges should not have roadways with widths, excluding sidewalks, of less than [3] m dr in
excess of [14] m. Sidewalk should comply with a minimum width of [1,7] m.

6.1.10 Clearances

6.1.10.1 (eneral

The horizoptal clearance'shall be the clear width, and vertical clearance the clear height for the pasqage
of vehiculalr traffic.

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 carfied
across the ptrycture.

6.1.10.2 General clearances

6.1.10.2.1 Vertical clearance

Vertical clearance shall not be less than [5,5] m over the entire roadway width with an allowance of
[0,3] m for resurfacing.

6.1.10.2.2 Horizontal clearance

Horizontal clearance shall be at least the dimension of the approach roadway width, including curbs
where necessary.
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6.1.10.3 Clearances for underpasses

6.1.10.3.1 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 [0,7] m from the face of pier or abutment.

The face of the guardrail or other device shall be at least [0,7] m outside the normal shouldey line.

6.1/10.3.2 Vertical clearance

A vertical clearance of not less than [5,5] m shall be provided between curbs.(If €urbs are hot used, it
sha|l be provided over the entire width that is available for traffic.

6.1]10.4 Clearances for depressed roadways

6.1/10.4.1 Clearance between walls

Thg minimum width between walls for depressed roadways@arrying two lanes of traffic shgll be [9] m

6.1]10.4.2 Curbs

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

6.1111 Maximum skew angle

Bridlges designed according to this docushent should have a low skew angle, not exceeding [15]°.

6.1]12 Maximum bridge horizontal curvature

Bridlges designed according to'this document should have a maximum length to horizontal curvature
radjus of [4] %.

6.1{13 Cross-sectionwvariation

Bridlges designed-according to this document should have a constant depth along the fontinuous
portions of the\bridge.

6.1]14 ,Interaction between superstructure and substructure

NO ramlnn nFFonf lc parmlffnr‘ q]r\ng fho ]r\nrni'nr]lnq] avic nF fho ]f\vu"gn T\In I“!P‘D{‘f fv")n mlSSlon 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 allow movement in the deck longitudinal direction.

6.2 Limit states

6.2.1 General

The design approach of the present document 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:

lateral

durabi

structural integrity limit state;

load drift limit state;

longitudinal drift limit state;

lity limit state;

fire limit state; and

limit state.

hd serviceability limit states are to be verified through the different stages of design u
ent.

flection serviceability verification

[ehicular bridges

ion of the deck or slab structure shall be less than L/700.

edestrian bridges

d design criterion for the resonance response is given By Formula (1):

exp(—0,35f,¢) <%
pw g

the estimated peak acceleration (in(unit of g);
the acceleration limit, which.s equal to 5 % of gravity;

the natural frequency of deck or slab structure;
the constant force equal to 0,29 kN for deck or slab and 0,41 kN for footbridges;
the effectiveweight of deck or slab structure; and

the medal damping ratio. The natural frequency of deck or slab structure shall be gre
an,3 Hz.

bing

M
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The natural period is given by Formula (2):

T=2—n:21t\/E (2)
w k

The natural frequency is the inverse of the natural period as per Formula (3).

fat === — (3)
T 2rm\Vm
T k it el 1 L LA A | L L 1 40 3 A | 3 pa |
a llls ITICU AdCCUUIIU UIIdU A=1 /l_\ allurir=—I /y, 1 Ul IIIUIAd | T IS UCTIVUOCU.

Fg _ 9,81
=— =0,16 4
fat =5 \[5x 20167 = @

A mlay be calculated as per Annex B. A should be interpreted as per Table 4 depénding on thg number of
spaps.

Table 4 — Application of A in Formular(4)}

1 span 2 and 3 continyious spans
A (0,40~0,50)A

6.3| Ultimate limit state design format

6.3{]1 General

Thd ultimate limit state corresponds to the cardition when one or more parts of the structfire reach a
point where they are incapable of carrying,any additional loads. Therefore, for the ultimate{limit state
desjgn the structure and the structural members should be designed to have design strgngth at all
sections at least equal to the required¢strengths calculated for the factored loads and forges in such
conjbinations as are stipulated in this,document.

The basic requirement for ultimate limit state should be as per Formula (5):

R>S (5)

whére

S isthe load effect;
R istheresistance.

To allow for the possibility that the resistances may be less than computed, and the load ¢ffects may
be lergerthareomputedtrateria-faetorsareto-beusedtereducematerinl-strensthandddad factors,
¥, generally greater than one, should be employed. Ultimate resistant force is obtained by reducing the
specified yield strength for steel or reducing the specified compressive strength for concrete, or both,
by means of dividing these values by the corresponding material factors [see Formula (6)]:

Ymc ms

R= f[ S Sy ]2?’151+7252+7353+"‘ (6)

R stands for strength and S stands for load effects based on the nominal loads prescribed by this
document. Therefore, the ultimate limit state design format requires that [see Formulae (7) and (8)]:

Ry2U (7)
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where

R, isthe design strength;

U

or

Ry=f

is the required factored strength.

fc' fy

_—

Ymc 7ms

]ZU

(8)

where the

6.3.2 Re|

The requir
factors usi

6.3.3 De

The design

then identiffied by the subindex r, and should be taken as the strength calculated in accordance with|

requireme
sections dg
material ag

A more det

6.4 Sery

Serviceabi
for the stry
state in thi
cover, detd
effects suc

required factored strength is U=y,S; + 7,5, + ...

quired factored loads

ed factored load, U, should be computed by multiplying service loads, of)ferces, by load

ng the load factors and combinations in 8.10.1.
sign strength

strength provided by a member, its connections to other members, and its cross-section
hts and assumptions for each particular force effect in each of the element types at the crit

fined by this document, based on the limit stress reduced according to each correspongd
per Table 5:

Table 5 — Material factor

Material Factor
Concrete, Yy, [1,5]
Steel, v, [1,15]

ailed explanation on the materialfactor is provided in Annex A.

iceability limit state design format

ity limit states correspond to conditions beyond which specified performance requiremg
cture, or the structtral elements, are no longer met. Compliance with the serviceability
5 document should' be obtained indirectly through the observance of the limiting dimensi

S, is
the
ical
ling

bnts
mit
bNS,

iling and cefistruction requirements. For bridges, these serviceability conditions include

1 as:

permal
make

ent deformations, either of the structure or its foundations, that cause public concer
hesStructure unfit for use;

1 Or

dynamic movements that cause discomIort or public concern;
dynamic movements that cause damage to non-structural elements such as railings;
damage by scour;

flooding or scour of adjacent properties; and

structure or in its service life.

On the other hand, fatigue can be separately considered in the fatigue limit state design format.

18

damage due to corrosion that is sufficient to cause significant reduction in the strength of the
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Structural systems and layout
Description of the components of the structure

1 General

For the purposes of this document, the bridge structure should be divided in the following components:

7.1.

2 Superstructure system

The
brid
(if 4
on
its
resi

7.1

The
all
resi
motf
coll
the
sub
in d

7.1
Thd

Itin
bea

7.2

7.2

superstructure or deck system consists of the structural elements that comprise the po
ge that directly receive the live load. The superstructure system includes the girders, bg
mployed) and the slab (deck) that spans between them, or the slab, when it is directly|
biers, columns or walls. The superstructure should also act as a diaphragm that carri
blane the lateral loads from their point of application to the vertical elements of the I
sting system.

3 Substructure system

substructure system holds up the superstructure and carries the accumulated gr
he way down to the foundation of the structure. The substructure acts also as the |
sting system supporting and transmitting to the ground. thelateral loads arising from ¢
ions, wind and lateral earth pressure. The vertical elements of the lateral load resist
pct the forces arising from the superstructure and carsy them down to the foundation, a

structure system should be cantilever piers, frames or structural concrete walls, and arg
lause 14.

4 Foundation

foundation comprises all structurat elements that:

serve to transmit loads from the-structure to the underlying supporting soil;
are in contact with the seily'or

serve to contain it.

cludes elementsesiich as spread footings, combined footings, foundation mats, retaining v
Ims and deep fourdations, such as piles and caissons, and their pile footings and caps am

Genefal'guide

1- “Architectural guide

tion of the
ams, joists
supported
es through
ateral load

hvity loads
pteral load
arthquake
ng system
hd through

foundation to the underlying soil. According to this'document, the main vertical elemlents of the

described

Falls, grade
ng others.

It is advisable that an architect, an urban planner and a landscaper are involved in the project, but it is
not mandatory. In any case, a general architectural guide of the bridge should be coordinated between
the owner and the structural designer before actual structural design begins, even if no architect is

part

of the project.

The general architectural guide should be based on the following design aspects:

©IS

location;
alignment;
roadway characteristics and details, bordering conditions;

vistas and scenery;
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— presence of open space and manufactured complexes; and

environmental and visual impact.

7.2.2 General structural guides for the project

Based on the general architectural guide information, the structural designer should define the general
structural guides for the structure being designed according to this document. These general structural
guides should include, at least, the following items:

intended use for the bridge;

nominpl loads related to the use of the bridge;

specia

design|

loads required by the owner or competent authorities;

earthquake motions, if the bridge is located in a seismic zone;

wind requirements for the site;

requirpments for rain, hail, ice and snow consideration;

site information related to slopes and site drainage;

allow

ble soil bearing capacity, and recommended foundation system derived from the geotechn

investigation, and additional restrictions related to expected:soil settlements;

enviropmental requirements derived from local seasgnal and daily temperature variati

humid

ty, presence of deleterious chemicals and salts;

ility, type, and quality of materials such as reinforcing steel, cement and aggregates;
ility of materials for formwork erection;

ility of testing facilities for concreté mix design and quality control during construction;

ility of qualified workforce.

7.3 Structural layout

7.3.1 Ge

The struct
structural |

20

neral structural layout

ural designeryshould define a general structural layout in plan (see Figure 2). The gen

ayout in planrshould include:

dimenpionedsgrid for axes, or centrelines, in both principal directions in plan. These axes sh

interse

ct.dt'the location of the vertical supporting elements (columns, piers, structural conc

walls, paid)abutments);

ical

D1S,

and

bral

uld
Fete

location in plan for all vertical supporting elements. These vertical supporting elements should be
aligned vertically, and should be continuous all the way down to the foundation; and

horizontal distance between centrelines, S, which corresponds to the centre-to-centre span lengths,
and horizontal distance, B, which corresponds to the centre-to-centre breadth, of the superstructure

system
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deckwidth

BwWw N R

7.3

Thd
layqd

pier, frame or wall
centrelines grid
abutment

Figure 2 — General structural layout in plan

2 Vertical layout

structural designer should define a general structural vertical layout (see Figure 3). T
ut should include all relevant information in height of thestructure, including:

abutments, piers, frames or columns height, defined as the vertical distance from supe
finish to the ground;

slope and shape of the terrain;

vertical clearance from roadway to superstructure lowermost surface, as specified by thi
or local highway specifications, whichever is larger; and

supporting soil stratum depth and vater table depth.
4

= /3

his vertical

rstructure

t document

Key]

1 |water table

2 roadway

3  clearance

4  overpass

5 soil

6  bearing soil stratum

Figure 3 — Vertical layout of the bridge
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7.3.3 Cross beams

Cross beams that connect the girders shall be placed at supports. Other cross beams, e.g. at mid-span
and quarter-spans, can be placed by approval of a chief engineer. In this case, effectiveness of the
additional cross beams should be verified.

7.4 Feasibility under the document

Based on the layout information, the structural designer should verify the feasibility of performing
the structural design according to this document. Compliance with the following limitations should be

verified:

— the usq
— thenu
— the spd
— the dif]

— cantile

e of the bridge should be within the accepted uses of 6.1.2;

mber of spans should not exceed the maximum permissible, given in 6.1.3;
in lengths should be within maximum lengths prescribed in 6.1.4;
ference between adjacent spans should not exceed the limit of 6.1.5;

ver lengths should be within maximum lengths prescribed in 6.1:6;

— the height of the tallest support, measured from ground to superstructure finish, should not exq

the mg
exceed

— thenu

— pedest
6.1.9;

— bridge
— bridge]
— bridge]

— Cross-{

8 Actio

8.1 Gen

This clausg
and the ap

Loads and

ximum permissible height given in 6.1.7, nor the difference’between supports heights sh
the limits given there;

mber of lanes should not exceed the maximum permissible, given in 6.1.8;

rian bridge decks and vehicular roadways should comply with width limitations give

clearances shall be specified according to 6.1.10;
skew angle for girders and deck should not exceed the limit given in 6.1.11;
length to horizontal curvature ratio should not exceed the limit given in 6.1.12; and

ection variation along bridge'length shall comply with 6.1.13.

ns (Loads)

bral

provides minimum load guides for the design of bridges according to this document. Lg
bropriate’load combinations should be used together.

forces explicitly considered in bridge design according to this document are:

eed
uld

ads

— dead loads;

— live loads (static and dynamic effects);

— longitudinal forces;

— earth pressure;

— wind loads;

— earthquake inertial forces; and

— jacking and post-tensioning forces.

22
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Loads and forces implicitly considered are:

8.2

8.2

Bridlge dead loads comprise the total weight of the structure, calculated as the sum of the
all g§tructural and non-structural elements, including substructure elements)superstructur

dec
sup|

8.2

wei
nor
use
rec

8.2

the

thermal forces;

shrinkage forces;

skew stress effects;

elastomeric bearings shear resistance; and

settlement of the ground.

Dead loads

1 General

k surface, median permanent or removable structures, sidewalks, railings, and all othg
ported by the bridge like public utility services and ducts.

2 Structural elements

weights of
b elements,
r elements

Dedd loads due to structural elements, referred to as self-we€ight, may be calculated as the spm of their
bht, assuming the density of normal weight concrete as.[2 500] kg/m3. The use of lowey values for
mal concrete density shall be accompanied by supporting documents demonstrating thgt the value
H does not reflect an average value, but rather, a<{95] percentile value for a normal distribution

rd of representative field data.
3 Non-structural elements

Dead loads due to non-structural elemexts may be calculated as the sum of their weights agcording to
density of their constitutive materials or to those specified by the producer in their technical data.

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

Table 6 — Deénsity values for materials used in bridge construction
Material Density
kg/m3
Steel [7900]
Timber [800]
Reinforced concrete [2500]
Prestressed concrete [2500]
Compacted filling soil [1900]
toosefittingsoit [T 6007
Stone masonry [2700]
Concrete masonry [2300]
Clay masonry [1400]
Asphalt [1800]
23
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8.3 Live

loads

8.3.1 General

Bridge live
to the brid

loads comprise the weights of all loads that might be applied to the superstructure according
ge use. Vehicular live loading on the roadways of bridges shall consist of a combination of

design truck and design lane load.

Each design

lane shall be occupied by design truck coincident with the lane load. The loads shall be

assumed to occupy 3 000 mm transversely within a design lane.

8.3.2 De

The weigh
dynamic Id
varied bety

sign truck

. A
Il be

's and spacing of axles and wheels for the design truck shall be as specified in Figure
ad allowance shall be considered. The spacing between the two 145 000 N axles shal
veen 4 300 and 9 000 mm to produce extreme force effects.

RO

8.3.3 De

The desigy
direction.
3 000 mm
allowance.

8.3.4 Pe

Pedestrian|
unfavoural

145 000N

35000N 145000 N

4300 mm

9 000 mm 1 800 mm

‘ 4 300 mm

Figure 4 — Characteristics of design truck

sign lane load

lane load shall consist ©f)a load of 9,3 N/mm uniformly distributed in the longitudjinal
[ransversely, the design/lane load shall be assumed to be uniformly distributed ov¢r a
width. The force effects from the design lane load shall not be subject to a dynamic load

destrian bridges

live lgads’ of 5 kN/m?2 should be applied on the deck walkable area, as to cause the npost
ple effects. Additionally, one truck load should be considered to account for maintengnce

equipment
barriers. T

distributed

24

unless the bridge width is less than 2 m or vehicle entrance is prevented by permanent
A o . itk the

pedestrian load
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O——~C

Q; kN Q, kN

Figure 5 — Pedestrian bridge truck

Table 7 — Truck loads

Walkable width Q4 Q,

m kN kN

2to3 [10] [#0]
More than 3 [20] [80]

8.3]5 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 6 according to the loafled area as
to produce the most unfavourable effect on each element.

— |for shear design, always increase the live loadby 1,3;
— |[for slab and superstructure joints design;increase the live load by 1,2;
— |for local analysis (joists, slabs, etc.)increase the live load by 1,2; and

— |pedestrian live loads need not Be increased.
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1,35

1,3

1,25

1,2

1,13

1,1

Key
Y
X

live loa
loaded

8.4 Longitudinal forces

Axial loads
the plane
taken as [5

Only super

8.5 Eart

Forces due
substructu

Earth pres

8.6 Win

Eloads
Wind loads on bridges complying wi € limitation set forth In 6.L do not control the structu

10 20 30 40 50 60 70 80 90 X

]l dynamic effect factor
ength, m

Figure 6 — Live load dynamic €ffect factor

and moments due to traffic should also be considered as applied longitudinally, and wi
f the deck, on the superstructure,without the dynamic effect increase. Axial loads shoul
| % of live loads. Moments should be calculated using a lever arm of [2] m.

structure axial loads are transmitted to the substructure.

h pressure

to earth pressureracting on abutments, or on retaining walls that are part of the br
re, should be-¢alculated and applied adequately to substructure elements.

sure shouldinot be taken as less than an equivalent fluid weight of [5] KN/m3.

hin
] be

dge

re’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 8.

26

Table 8 — Wind loads for hurricane, cyclone or typhoon prone areas

Load condition Load direction Load
kN/m?2
Load on structure? Transverse [2,5]
Longitudinal [0,6]
a2 Bothlongitudinal and transverse loads should be applied simultaneously.
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Table 8 (continued)
Load condition Load direction Load
kN/m?
Load on live load? Transverse [1,5]
Longitudinal [0,4]
a2  Bothlongitudinal and transverse loads should be applied simultaneously.

Earthquake inertial forces

8.7

Inet
tog
att

Thd
bui

Table 6 may also be used to determine bridge masses.

For
sub
stry

8.7

Ald
gro
the
vib}
acc

The
cod
acc
div
eac

no pational code existsfor the site of the bridge being considered, A, may be estimated from

haz

8.7

Az
acc

1 General

tial forces due to earthquakes depend on the mass of the structure and on the stricturg
round acceleration which, in turn, is a function of the seismic hazard and of the soil chal
he site of the bridge.

corresponding national standard can provide requirements for calculating the mas
ding materials. When no national standard is available, the requirements of ISO 9194 m

bridges designed according to this document, an equivalent {ateral force applied dirg
Structure and superstructure elements may be employed tefepresent the dynamic resp
[cture to the ground acceleration.

2 Seismic hazard

vel of seismic hazard should be defined for the bridge in terms of the intensity of the eff{

median spectral acceleration for one degree of freedom systems, with short periods of
ation, i.e. periods not exceeding 0,15:s,.denoted as A,, and usually expressed as a frag
leration of gravity, g (acceleration ofigravity may be taken as 9,81 m/s?2).

values for A, can be taken from'the applicable corresponding national standard. When t
e defines the maximum seismic-ground motion for each considered site based on spectrd
lerations at 5 % of criticaldamping, S, A, may be estimated as the value of S for a perig
ded by 375 (4, = S, / 375); When the national code defines the maximum seismic ground
1 considered site based on a seismic zone factor Z, the value of A, should be taken equal

hrd maps shownin Figure 7.

3 No seismiic hazard zones:

bne of the world where the value of the peak rock acceleration, 4,, expressed as a frag
bleration of gravity, is estimated as less or equal to [0,05], may be deemed as a no seis

Z0on

E.

il response
acteristics

b of bridge
hy be used.

ctly to the
onse of the

pctive peak

ind horizontal acceleration in rock at the strircture site. The peak rock acceleration is calculated as

structural
tion of the

he national
1] response
dof 0,15 s,
motion for
to Z. When
[he seismic

tion of the
mic hazard

8.7.

4 Low seismic hazard zones:

A zone where the value of 4, is estimated as more than [0,05] but less or equal to [0,1] may be deemed
as a low seismic hazard zone.

8.7.

5 Intermediate seismic hazard zones:

A zone where the value of 4, is estimated as more than [0,1] but less or equal to [0,2] may be deemed as

ani

©IS

ntermediate seismic hazard zone.
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8.7.6 High seismic hazard zones:

A zone where the estimated value of A, exceeds [0,2] may be deemed as a high seismic hazard zone.

b) Central America and the Caribbean

28 © IS0 2021 - All rights reserved
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c) South America

29
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e) Africa
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seismid
none

intermg

1
2
3 low
4
5 high

8.7.7 So

Based on t

hazard C)\\

diate C)

Figure 7 — Global seismic hazard map

Q~O
1 prof&%pes

}@%pe of soil present at the bridge site, the soil profile shall be classified as one of]

following:

— soil profile S,: hard rock with a measured shear wave velocity v, > 1 500 m/s;

the

— soil profile Sg: rock with moderate fracturing and weathering with a measured shear wave velocity
in the range (1 500 m/s = v, > 750 m/s);

— soil profile S¢: soft weathered or fractured rock, or dense or stiff soil, where the measured shear
wave velocity is in the range (750 m/s 2 v, > 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, 2 100 kPa;

— soil profile Sy: predominately medium-dense to dense, or medium stiff to stiff soil, where the
measured shear wave velocity is in the range (350 m/s = v, > 180 m/s), or where, in the upper 30 m,

32
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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 < 5, < 100 kPa);

— soil profile Sg: a soil profile where the measured shear wave velocity v, < 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 (PI > 20), high moisture content (w > 40 %) and low shear strength (s, < 25 kPa) clays; and

— seismically vulnerable soils: sites where the soil profile contains soil having one or more of the

following characteristics are beyond the scope of this document:

— soils vulnerable to potential failure or collapse under seismic motions, such as liquefiable soils,

quick and highly Sensitive clays, collapsible weakly cemented Soil;
— peats, highly organic clays, or both, with more than 3 m of thickness;

— very high plasticity clays (Pl > 75) where Pl means plasticity index, with more t
thickness; and

— soft to medium-stiff clays with more than 40 m of thickness.

han 8 m of

Soilexploration to obtain the needed values to classify shall always becconducted by a desigrjer familiar
with these processes.
8.718 Site effects
Site| effects shall be described through the site coefficientfer short periods of vibration, F,.[The values
of the site coefficient for short periods of vibration, F,, shall be determined from Table 9 as ajfunction of
A,, and the soil profile type from 8.7.7. Linear interpolation can be used between values of AJin Table 9.
Site effect of seismically vulnerable soils, as des¢ckibed in 8.7.7, are beyond the scope of this|document.
Natjonal standards or other applicable standards can provide requirements for designs.
Table 9 — Site coefficient, F,
. . Site coefficient, F,, for short periods of vibration
S¢il profile
A,<[0,1] [0,1]1<A4,<[0,2] | [0,2] <A, <[0,3] | [0,3] <4, <[0,4] | [0,4] 44, <[0,5]

S [0,80] [0,80] [0,80] [0,80] [0,80]

Sg [1,00] [1,00] [1,00] [1,00] 11,00]

Sc [1520] [1,20] [1,10] [1,00] lI1,00]

Sp [,60] [1,40] [1,20] [1,10] I1,00]

Sg [2,50] [2,70] [1,20] [0,90] [0,90]
NOTE The values for 0,4 <A, < 0,5 can approximately be applied to the case of 4,2 0,5.
8.7]9 “Design response spectral ordinates

For bridges complying with the [imitations setforthin 6.1, natural periods of vibration may be assumed
to fall within the range of short periods for which response to ground motion is constant.

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

range, using Formula (9):

©IS

S,=2,54,F,
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8.7.10 Seismic equivalent uniformly distributed load

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

Formula (10):
w, =M1 9% 10
(10)

g is the force of gravity;
Ly is fhe total length of the bridge;

my is the total mass of the bridge thatis not directly absorbed by the supports, including all structpral
elgments, intermediate walls, piers, columns, etc., excluding footings and abudtments;

. is fhe design spectrum ordinate.

This distribution is considered as uniformly distributed load, as simple as”it is possible, from|the
viewpoint pf simplified design because the distribution of lateral forces has'a little effect on the indrtia
force of substructure.

8.7.11 Fupdamental mode shape

For bridges complying with the limitations set forth in 6.1,.dynamic response may be assumed t¢ be
dominated| by the fundamental mode characteristics. The fundamental mode shape for each one of{the
possible calses of one, two or three spans, is shown in Figiire 8.

Key

1 onespan

2 two spans
3  three spans

Figure 8 — Fundamental mode shape

The fundamental shape for each case and for each span is described by a function u(x), as per Table 10.
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Table 10 — Unitary deformation distribution

Number of spans Span u(x)
2
1 Single span 165 (20x 17 - x*)
L
2 4 4
IyH ILL
First span 16X—(2LX—L2 —x2 )+D_X P
2 |z i | pH*
[ 2 4 4
IpH* (L- ]{1 L W
Second span 16X—4(2LX—L2—X2)+ D (5 x) [ Ip .
L L e [ \IpH )
r.2 4 4
IhH ILL
First span 16X—(2LX—L2 —x% )+D_X P
A Y
2 4 4 4
InH*x IpH" (LAX L
3 Second span 16X—4(2Lx—L2—x2)+ D —+ D (5 )}[ p :
i 2 4 4
IzyH™ (L— L
Third span 16X—4(2LX—L2—X2)+ D (5 XM Ip .
| L Ik InH
whére

H s the largest height of the bridge supports in mettes;

I, isthe second moment of area of the deck segtion in m4, for bending within its plane, due to hori-
zontal forces;

I isthe second moment of area of the wall;frame or pier, in m#, for bending due to horizontal forces;
L  isthe span’s length in metres;

x  is any point along the considered span.

8.7]12 Lateral equivalent design forces

Thd equivalent lateral force, w,, applied directly to the substructure and superstructur¢ elements,
employed to represent-the dynamic response of the structure to the ground acceleration| should be

detérmined using Férmula (11):
We =wg u(X) (11)

whére

n(v) isthe function r‘]ncr‘ri]’\ing the fundamental made chnpn’ as cpnr‘ifinr] ing8 71 1;

w, is a uniformly distributed load caused by the seismic ground motions, as specified in 8.7.10.
8.8 Jacking and post-tensioning forces

8.8.1 Jacking forces

The design jacking forces in service shall not be less than 1,3 times the permanent load reaction at the
bearing, adjacent to the point of jacking.
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8.8.2 Forces for post-tensioning anchorage

The design force for post-tensioning anchorage zones shall be taken as 1,2 times the maximum jacking

force.

8.9 Thermal forces

Longitudinal change due to thermal expansion, 6, shall be calculated for a continuous deck, as per
Formula (12), at each vertical support.

5T=OC

ArL,

(12)

The value

for the coefficient of thermal expansion for concrete, a., depends mainly on the typp of

aggregate [used. Accepted values range from 10 x 10-® m/m/.: to 13,5 x 10-® m/m/.s A'valug of
[11,5 x 10-P] m/m/.; may be used for a, in Formula (12). A is the maximum variation dn‘temperature
recorded af the site of the bridge. In lieu of this information, the designer may use the'data provided in

Table 11.C

Table 11 — Temperature variation according to world@egion

assification of temperature region for the bridge site should be made acc¢ording to Figur¢ 9.

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

36
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tropica Q
1 QQ

dry 5\\§\
temperate \\S\@
cold . ®$
4\
polar \O
O
N

Figure 9 — Map of temperature regions of the world

Shepr force, Vy, caused by mal expansion, &y, in the vertical supports should be calculgted as per
Formula (13). Moment d@to V; should be also calculated.

&)
Vp :60x106$ (13)
<
wheére v
N

H ?Ehe height of the support where forces are being evaluated;

I, isthe second moment of area, about an axis on the bridge deck perpendicular to the bridge length,
of the pier, frame or wall serving as support for the superstructure.

When elastomeric pads without lateral movements restrictions are used between the superstructure
and its supports, it is possible that thermal expansion of the bridge deck is not fully transmitted to the
infrastructure. Therefore, it may be reduced by a factor of [0,4].

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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8.10 Load combinations

8.10.1 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 to 8.9, increased by
amplification factors, 4, depending on the loads being combined in each group, as per Table 12.

Table 12 — Load amplification factors and load combinations

Group Amptificatiom factor, A
Dead loads Live loads, including | Longitudinal Earth pressure | Earthquake inLr-
dynamic effects forces tial forces
1 [1,35] [1,35] [1] [1,5] [0]
2 [1,35] [1,5] [0] [1,5] [0]
3 [1,35] [1,7] [0] [0,5] [0]
4 [1,35] [19] [0] [0] [0]
5 (1] [0] [0] [1,5] [0]
6 [1,2] [0] [0] (Lol [1]
7 (1] [0] [0] [0] [1]
8 (1] [1,3] [0] [0] (1]
9 [0,9] [0] [0] [0] [1]

8.10.2 Service loads
For servicd loads, the same load combinations shown.ity Table 12 should be used, except all factorq for

other than|earthquake forces should be taken as 1. Earthquake loads factors should be taken as 0,75.

9 Design requirements

9.1 Scope

The present clause contains the ‘provisions that are common to the structural concrete elemg¢nts
covered by this document. They include: provisions for materials, concrete cover of reinforcement,
details and limits on the amount of reinforcement.

9.2 Addjtional requiirements

The designer should comply with the additional requirements of this document.

9.3 Materials for structural concrete

9.3.1 General

All materials employed in the construction of the structure designed following this document should
conform to the following ISO standards.

9.3.2 Cement

Cement should conform to ISO 679, ISO 863 or corresponding national cement standards.

38 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895

ISO 21725-1:2021(E)

9.3.3 Aggregates

Aggregates should conform to ISO 20290-2, ISO 20290-3 or corresponding national aggregate
standards.

9.3.4 Water

Water used in mixing concrete should be potable, clean and free from injurious amounts of oils, acids,
alkalis, salts, organic materials or other substances deleterious to concrete or reinforcement, and
should conform to the applicable ISO standards or corresponding national mixing water standard.

9.3/5 Steel reinforcement

9.3/5.1 General

Ste¢l reinforcement should conform to ISO 10144. Welded-wire fabric (mesh wire)should be considered
def¢rmed reinforcement in this document.

9.3/5.2 Deformed reinforcement

Thg maximum specified yield strength for deformed reinforcement should be 500 MPa] Deformed
reinfforcing bars should conform to ISO 6935-2 or corresponding national deformed reipforcement
stapdard. ISO 6935-2 covers grades RB 300, RB 400, and RB*500 (300 MPa, 400 MPa, and 500 MPa
chafacteristic upper yield stress, respectively) and nominal diameters of 6 mm, 8 mm, 10 njm, 12 mm,
16 nm, 20 mm, 25 mm, 32 mm and 40 mm, although the'dominal diameter of deformed reinforcement
barg is limited to 32 mm in this document (see 9.3.11)!

9.315.3 Welded-wire fabric

Thg maximum specified yield strength for @Wires being part of welded-wire fabric should bg 400 MPa.
Welded-wire fabric should conform te/lISO 6935-3 or corresponding national welded-yire fabric
stamdard. The nominal diameter of wite for welded-wire fabric is limited to 10 mm in thi§ document
(seq 9.3.11).

9.3/5.4 Plain reinforcement

Plain reinforcement shold be permitted only for stirrups, ties, spirals, and when it is part of a welded-
wirg fabric. The maximum specified yield strength for plain reinforcement should be 300 |MPa. Plain
reirfforcing bars sheuld conform to ISO 6935-1 or corresponding national plain reinforcemenjt standard.
1S0|6935-1 covers grades PB 240 and PB 300 (240 MPa and 300 MPa characteristic upper yfield stress,
respectively) dind nominal diameters of (6, 8, 10, 12, 16, and 20) mm, although the nominal diameter of
plain reinforeement bars is limited to 16 mm in this document (see 9.3.11).

9.3)6-, Prestressing steel

Tensile and yield strengths for prestressing steel may be taken as specified in Table 13. Prestressing
steels should conform to ISO 6934-4 and ISO 6934-5 or corresponding national deformed prestressing
steel standard. ISO 6934-4 covers 2 wire strand, 3 wire strand, 7 wire strand, and 19 wire strand,
although the present document covers 7 wire strand. ISO 6934-5 covers 1 030 MPa, 1 080 MPa, 1 180 MPa
and 1 230 MPa characteristic tensile strength and nominal diameters of 15 mm, 17 mm, 20 mm, 23 mm,
26 mm, 32 mm, 36 mm and 40 mm, although this document covers 1 030 MPa characteristic tensile
strength and 19 mm~35 mm nominal diameter steel bars.
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Table 13 — Properties of prestressing strand and bar

Material Type Diameter Tensile strength (f;,) Yield strength (f},,)

mm MPa MPa

Strand 7 wire
1720 MPa 9,3t0 15,2 1720 1410
1860 MPa 9,5to0 15,2 1860 1520

Bar Plain
20to 36 1030 835

Deformed

9.3.7 Popt-tensioning anchorages and couplers

9.3.7.1 (eneral

Allanchordges and couplers shall develop atleast 96 % of the actual ultimate strengthof the prestresging
steel, when tested in an unbonded state, without exceeding anticipated set. Thé|coupling of tendons
shall not r¢duce the elongation at rupture below the requirements of the tendon itself. Couplers and/
or coupler components shall be enclosed in housings long enough to permit th&necessary movemeriits.

Corrosion protection shall be provided for tendons, anchorages, end fittings and couplers.

Special an¢horage device shall be verified by acceptance tests preSented in References [19] and [[20].
Special shqped anchorage can be used by approval of a chief engineer.

The acceptpnce tests conforming to EAD 160004-00-0301 arée’considered equivalent to References [19]
and [20] and are accepted as an alternative method considering the adapted criteria, i.e. 95 % of|the
actual ultimate strength of the prestressing steel and dt‘least 2,0 % of total elongation at maxinum
load.

9.3.7.2 Bonded systems

Bond trangfer lengths between anchoragestand the zone where full prestressing force is required urjder
service anfl ultimate loads shall normally be sufficient to develop the minimum specified ultinpate
strength of the prestressing steel. When anchorages or couplers are located at critical sections urjder
ultimate lgad, the ultimate strengthrequired of the bonded tendons shall not exceed the ultinpate
capacity of{the tendon assembly; including the anchorage or coupler, tested in an unbonded state.

Housings ghall be designed:so that complete grouting of all the coupler components is accomplighed
during gropting of the tendons.

9.3.7.3 Unbonded systems

For unbonded{téndons, two dynamic tests shall be performed on a representative anchorage and
coupler sp¢éimen and the tendon shall withstand, without failure, 500 000 cycles from 60 % to 66 4o of
its minimum specified ultimate strength, and also 50 cycles from 40 % to 80 % of its minimum specified
ultimate strength. Each cycle shall be taken as the change from the lower stress level to the upper stress
level and back to the lower. Different specimens may be used for each of the two tests. Systems utilizing
multiple strands, wires or bars may be tested using a test tendon of smaller capacity than the full-size
tendon. The test tendon shall duplicate the behaviour of the full-size tendon and, generally, shall not
have less than 10 % of the capacity of the full-size tendon. Dynamic tests shall be required on bonded
tendons where the anchorage is located or used in such a manner that repeated load applications can be
expected on the anchorage. Otherwise, dynamic tests shall be required only if specified in the contract
documents.

Anchorages for unbonded tendons shall not cause a reduction in the total elongation under ultimate
load of the tendon to less than 2 % measured in a minimum gage length of 3 000 mm.
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All the coupling components shall be completely protected with a coating material prior to final

encasement in concrete.

9.3.8 Ducts

9.3.8.1 General

Ducts for tendons shall be rigid or semirigid either galvanized ferrous metal or polyethylene, or they

shall be formed in the concrete with removable cores.

Th L £ 4= i | | 4= 1 1l 4=l 1 4] 000 b 4] 1
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whe¢re 3 600 mm may be permitted.

rage areas

Polyethylene ducts shall not be used when the radius of curvature of the tendon is less/than p 000 mm.

Where polyethylene ducts are used and the tendons are to be bonded, the bonding charagteristics of

polyethylene ducts to the concrete and the grout should be investigated.
The effects of grouting pressure on the ducts and the surrounding concrete'shall be investig

Polyethylene duct and metal duct for longitudinal and transverse post-tensioning in the fl
be supported at intervals not to exceed 600 mm. Polyethylene @duct in webs for longitu
tengioning shall be tied to stirrups at intervals not to exceed 600 mm, and metal duct for 1
pos|-tensioning in webs shall be tied to stirrups at intervalsqot'to exceed 1 200 mm.

9.318.2 Size of ducts

The inside diameter of ducts shall be at least 6 mm-larger than the nominal diameter of si
strdnd tendons. For multiple bar or strand tendons, the inside cross-sectional area of the duc
leagt 2,0 times the net area of the prestressing steel with one exception where tendons are t
by the pull-through method, the duct areashall be at least 2,5 times the net area of the p
stegl.

The size of ducts shall not exceed 0,4 times the least gross concrete thickness at the duct.

9.3]9 Admixtures

Adrpixtures should conform to the applicable ISO standards or corresponding national ¢
stamdard.

9.3]10 Storageofumaterials

Cenpent and<aggregates should be stored in such a manner as to prevent deterioration an
of fpreign Tatter. Any material that has deteriorated or has been contaminated should not
confrete.

ated.

hnges shall
dinal post-
ngitudinal

hgle bar or
f shall be at
b be placed
festressing

dmixtures

] intrusion
be used for

9.3.11 Minimum and maximum reinforcement bar diameter

Reinforcement employed in structures designed according to this document should not have a nominal
diameter, d,, less than the minimum diameter, nor should it be larger than the maximum diameter

given in Table 14.

Table 14 — Minimum and maximum reinforcing bar diameters

Reinforcement Minimum bar diameter Maximum bar diameter
dy, d,
mm mm
Deformed reinforcing bars (see 9.3.5.2) [8] [32]
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Table 14 (continued)
Reinforcement Minimum bar diameter Maximum bar diameter
dy, dy,
mm mm
Prestressing steel - wire (see 9.3.6) [9,3] for 1 720 MPa strand [15,2]
[9,5] for 1 860 MPa strand

Prestressing steel - bar (see 9.3.6) [20] [36]

Wire for welded-wire fabric (see 9.3.5.3) [4] [10]

For stirrupp and ties [6] [16]

Plain reinfqrcing bars (see 9.3.5.4) [6] [16]

For non-seilsmic areas [4] [32]

9.4 Congrete mixture proportioning

9.4.1 Gepneral

Concrete shall be proportioned to provide an average compressive strength, fi, that shall minimize{the

frequency pf strengths below f.. The requirements for f_’ shall be based of)28-day age tests on paiys of

cylinders rhade and tested according to ISO 1920 [3]. The proportions-of material for concrete shalll be
established to provide:

a) workapility and consistency to permit concrete to be worked readily into forms and aropund
reinforcement under the conditions of placement to bé used, without segregation or excespive
bleeding;

b) resistdnce to special exposures; and

c) conformance with strength test requirements.

Concrete groportions, including water-binder ratios, shall be established based on field experiepce,

trial mixtures, or both, with the materials te’be used.

9.4.2 Du

9.4.2.1 (

To obtain 4
using wate
for the con

9.4.2.2 (

rability requirements

teneral

r-binder ratigs below specified values and by specifying a minimum compressive strer
Crete.

alcalation of the water-binder ratio

n appropriateddurability of the concrete, a minimum amount of cement shall be providedl by

gth

The water-bimder ratios shattbecatcutated using the weigiht of water i kg of concrete divide
the binder used in the mixture in kg/m3 of concrete. The use of fly ash, pozzolans, slag and silica fume
is beyond the scope of this document. If used, it shall be in accordance with appropriate ISO standards.

9.4.2.3 Freezing and thawing exposures

{ by

Concrete exposed to freezing and thawing or de-icing chemicals shall be air-entrained 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 %.

42

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895

ISO 21725-1:2021(E)

9.4.2.4 Requirements for special exposure conditions

Concrete maximum water-binder ratios and minimum specified compressive strength should comply
with specification of Table 15, according to conditions of exposure.

Table 15 — Requirements for special exposure conditions

Exposure condition

Maximum water-binder
ratio by weight

Minimum f_, MPa

wa
sou

er, brackish water, seawater, or spray from these
rces

Concrete intended to have low permeability when ex- 0,5 28

po od towater

Corjcrete exposed to freezing and thawing in a moist 0,45 31,5
corldition or to de-icing chemicals

For]corrosion protection of reinforcement in concrete 0,4 35

explosed to chlorides from de-icing chemicals, salt, salt

9.4

Wh
wei
con
mirn
con

9.4

For
con

2.5 Sulfate exposures

crete exposed to sulfates.

2.6 Chloride-ion exposure

bn water soluble sulfate (SO,) is present in soil and has a coficentration greater than
bht or is present in water with more than 0,015 % (150 ppm), concrete exposed to the
faining solutions or soils shall have a water-binder ratioless than or equal to 0,45 by w
imum compressive strength, f., of 31 MPa. Calcium chloride as an admixture shall not

corrosion protection of reinforcement:in concrete, maximum water-soluble c
rentrations in hardened concrete at ages from 28 to 42 days contributed from the ingredients

including water, aggregates, cement, andjadmixtures shall not exceed the limits of Table 16.

0,10 % by
se sulfate-
pight and a
be used in

hloride-ion

Table 16 — Maximum chloride ion content for corrosion protection of reinforcelrlent

Type of member

Maximum water-soluble chloride-ign (CI) in

concrete, percent by weight of cement
Reipforced concrete exposed to chloride in service 0,15
Reipforced concrete that-will be dry or protected from 1
mojsture in service
OtHer reinforced\¢oncrete construction 0,3
9.4]3 Reéquired average compressive strength
Required average compressive strength, f_., for concrete shall be 10,5 MPa greater than th|e specified
CONCTete compressive strengtuy, /..

9.4.4 Proportioning of the concrete mixture

The proportions of the concrete mixture shall be established from trial mixtures using combinations
of materials for the proposed work, using at least three different water-binder ratios that comply with
the durability requirements of 9.4.2 and the slump requirements from Table 17, and that encompass the
required average strength, f_.. The trial mixtures shall be designed to produce slumps within +20 mm
of the maximum permitted.
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Table 17 — Slumps for various types of construction

Member Slump
mm
Maximum | Minimum

Reinforced foundation walls, columns and footings 150 50
Plain footings, caissons, and substructure walls and 150 50
columns

Beams and reinforced walls 210 80
Columns 210 20
Slabs 150 50
Pavements 75 25
Mass concrete 120 50

9.5 Congrete cover of reinforcement

9.5.1 Miphimum concrete cover

—

The follow]ng minimum concrete cover should be provided for unprotected prestressing and reinfor¢
steel, even|in non-seismic areas (see Figures 10 to 13).

ng

70 mm

70 mm

Figure 10 — All types of reinforcement of elements cast and permanently exposed to earth jor
water{(Minimum concrete cover: 70 mm)

\ 50 mm

o —_—]

\ )
N
vy Y

N N

NN (9 9

/7
/
50 min

Figure 11 — All types of reinforcement of elements exposed to weather (Minimum concrete
cover: 50 mm)

44 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895

ISO 21725-1:2021(E)

40 mm

40 mm

ﬂ'igure 12 — All types of reinforcement of girders, beams, or columns, when not exposed to
weather or in contact with ground (Minimum concrete cover: 40 mm)

30 mm

e o o ¢ @

30 mm

Figure 13 — 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)

Covier for metal ducts for post-tensioned tendons shall#ot be less than:
— |that specified for reinforcement; and

— |one-half the diameter of the duct.

9.5]2 Special corrosion protection

Profection against chloride-induced corrosion may be provided by epoxy coating or galyanizing of
reirjforcing steel, post-tensioping duct, and anchorage hardware and by epoxy coating of prestressing
strgnd. This type of protectionis beyond the scope of this document.

9.6 Minimum reinforcement bend diameter

Thqg diameter of‘bend of the reinforcement, measured on the inside of the bar, should not ble less than

thevalues given.in Figure 14.
\%\
\\ ! dy
3 3{

a) Deformed reinforcing bars and plan reinforcing bars: 6d,,
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b) For stirrups and ties: 4d,,

Figure 14 — Minimum reinforcement bend diameter

9.7 Standard hook dimensions

The term "ftandard hook" as used in this document should mean one of Figures 15 to 19.

£
Figure 15 — 90° hook (90° bend plus 12d,, extension at free end of bar)

T

a) 90° bend plus 6d,, extension at free end of bar, or
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b) 135° bend plus 6d}, extension at free end of bar

Figure 17 — For stirrup and tie hooks
\{< 6d, 2 75 mm
\‘ db

Fighre 18 — For confinement stirrups and ties in seismic zones (135° bend plus 6d,, extension at
free end of bar, but netdess than 75 mm)

6dyz"75 mm
f 4d,
\‘ db

Figure 19 — For crossties in seismic zones (135° bend plus 6d}, extension at free end ¢f bar, but
not less than 75 mm)

9.8| Bar-spacing and maximum aggregate size

9.8-1 Gcllt:l dl

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

9.8.2 Maximum nominal coarse aggregate size

Maximum nominal coarse aggregate size (see Figure 20) should not be larger than:
— 1/5 of the narrowest dimension between sides of forms;

— 1/3 of the depth of slabs; nor

— 3/4 the minimum clear spacing between parallel reinforcing bars or wires.
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Figure 20 — Maximum nominal coarse aggregate size

9.8.3 Minimum clear spacing between parallel bars in a layer

In solid slgbs, girders, beams and joists, the minimum clear spacing between\parallel bars in a layer
should be the largest nominal bar diameter, d},, but not less than 25 mm (see\figure 21). This docunpent
should applly also for the spacing between parallel stirrups or ties.

9.8.4 Mipnimum clear spacing between parallel layers of reinfercement

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 bottonrlayer with clear distance between layers
not less than 25 mm (see Figure 21).

db Sc _Si_ Sec

g
g
mn
\ o
( ) CICR R n
- ® & 6 o
g
mn
o
® ® 0.9® A
RS ) \ )
db S Se Se SCZ 215db
e S.2 25 mm

Figure 21 — Minimum clear spacing between parallel bars in a layer and clear distance
between parallel layers of reinforcement

9.8.5 Minimum clear spacing between longitudinal bars in columns

In columns, clear distance between longitudinal bars should not be less than 1,5d,, or 40 mm (see
Figure 22).
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Sc2 1'5db
5.2 40 mm

Figure 22 — Clear distance between longitudinal barsin columns

9.8]6 Clear spacing between parallel lap splices

Cleqr distance limitation between bars should apply also to thé clear distance between a

splike and adjacent splices or bars.

9.8]7 Maximum flexural reinforcement spacing in solid slabs

In dolid slabs, primary flexural reinforcement should not be spaced farther apart than tw

slah thickness, nor more than 300 mm (see Figure'23).

s<2h
s<300 mm

7

Figure 23 — Spacing between flexural reinforcement in solid slabs

contact lap

times the

9.8.8 Maximum shrinkage and temperature reinforcement spacing in solid slabs

In slabs, shrinkage and temperature reinforcement should not be spaced farther apart than three times

the slab thickness, nor more than 300 mm (see Figure 24).
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s<3h
s< 300 mm

N
Sa
Figure 24 — Spacing between shrinkage and temperature reinforcement in slabs

9.8.9 Mdximum reinforcement spacing in structural concrete walls

9.8.9.1 \Vertical and horizontal reinforcement

In structutfal concrete walls, vertical and horizontal reinforcement shouldnot be spaced farther apart
than threeftimes the structural concrete wall thickness, nor more than800 mm (see Figure 25).

Figure 25 — Spacing between reinforcement in structural concrete walls

9.8.9.2 Number of\layers of reinforcement

Structural |conerete walls more than 250 mm thick should have vertical and horizontal reinforcenpent
placed in two, layers parallel with faces of wall. Each layer should have approximately half of|the
reinforce \/llt ;ll that d;rb\,t;ull- Thb la_yl.,ro Ohuuld b\, P}ab\,d 1Y lboo thClll 30 IIIIIY llUr lllUrb thall ne_
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.

9.8.9.3 Special details per element type

The designer should comply with the additional reinforcement detail required for each individual
element type.
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10 Minimum spacing of prestressing tendons and ducts

10.1 Pretensioning strand

The distance between pretensioning strands, including shielded ones, at each end of a member within
the transfer length, as specified in 9.9.1.3, shall not be less than a clear distance taken as 1,33 times the
maximum size of the aggregate nor less than the centre-to-centre distances specified in Table 18.

Table 18 — Centre-to-centre spacings

Dimensions in millimetres

Strand size Spacing
15,2 51
12,7
12,4

44
11,1
10,8
9,5

38
9,3

If justified by performance tests of full-scale prototypes ofithe design, the clear distang

strg

The
maj

Pre

nds at the end of a member may be decreased.

minimum clear distance between groups of bundled strands shall not be less than 1,3
ximum size of the aggregate or 25 mm.

Lensioning strands in a member may be bundled to touch one another in an essentially ve

at and between hold-down locations. Strands-bundled in any manner, other than a vertical

bel

9.8

Unl
duc
pre
con
duc

Dud
bet

For
dist
twd

imited to four strands per bundle.

10.2 Post-tensioning ducts not curved in the horizontal plane

bss otherwise specified in_thiS document, the clear distance between straight post
ts shall not be less than(38 mm or 1,33 times the maximum size of the coarse agg
ast segmental construéetion, when post-tensioning tendons extend through an epoxy joi
ponents, the clear spacing between post-tensioning ducts shall not be less than the grg
t internal diameteror 100 mm.

ts may be bundled together in groups not exceeding three, provided that the spacing, 3
lveen individual ducts, is maintained between each duct in the zone within 900 mm of an

groups-of bundled ducts in construction other than segmental, the minimum clear
anee between adjacent bundles shall not be less than 100 mm. When groups of ducts arg

e between

B times the

‘tical plane
blane, shall

tensioning
regate. For
ht between
ater of the

s specified
chorages.

horizontal
located in
horizontal

6rmore horizontal planes, a bundle shall contain no more than two ducts in the same

plan.

The minimum vertical clear distance between bundles shall not be less than 38 mm or 1,33 times the
maximum size of coarse aggregate.

For precast construction, the minimum clear horizontal distance between groups of ducts may be
reduced to 75 mm.

9.8.

10.3 Curved post-tensioning ducts

The minimum clear distance between curved ducts shall be as required for tendon confinement as
specified in 12.1. The spacing for curved ducts shall not be less than that required for straight ducts.
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9.8.11 Maximum spacing of prestressing tendons in slabs

Pretensioning strands for precast slabs shall be spaced symmetrically and uniformly and shall not be
farther apart than 1,5 times the total composite slab thickness or 450 mm.

Post-tensioning tendons for slabs shall not be farther apart, centre-to-centre, than 4,0 times the total
composite minimum thickness of the slab.

9.8.12 Couplers in post-tensioning tendons

The contra

ct documents shall specify that:

not mg

— thesp
segme

The void a
area when

9.9 Devs
9.9.1 De

9.9.1.1 H

re than 50 % of the longitudinal post-tensioning tendons is coupled at one section; afid

hicing between adjacent coupler locations is not closer than the segment length,or twice
ht depth.

Feas around couplers shall be deducted from the gross section area and.second momer
computing stresses at the time post-tensioning force is applied.

rlopment length, lap splicing and anchorage of reinforcemeént
velopment length

einforcing bars

The minimum embedment length, l;, required on each sidewfa critical section, for a reinforcing ba

develop its
replace the

full strength should be 50d,, for the bar diamgters given in 9.3.11. It should be permitte
development length in one side of the critical section by a length of bar ending in a stand

hook compllying with the minimum anchorage distance of 9.9.3 (see Figure 26).

1

/

I
i
[d= 50db |

+

Id = SOdb

dy
"‘EI i
i
‘ Idz 50db m

Key

the

t of

r to
d to
ard

1
2

critical

section

anchorage distance (see 9.9.3)

Figure 26 — Required development length for reinforcing bars

Whenever plain bars may be used instead of deformed bars, the development length specified here
shall be multiplied by 1,8.
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1.2 Welded-wire fabric

The development length, I, of welded-wire fabric measured on each side of the critical section to the
end of wire should contain two cross-wires, but should not be less than 200 mm, for the wire diameters
given in 9.3.11 (see Figure 27).

/1

& P o P

Key

9.9

9.9

In d
bui

Thd
con
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toi

For
dev

The

9.9

Pre
leng

N,/ | N/
2 2

132200 mm 132200 mm

critical section

two cross-wires

Figure 27 — Required development length for welded-wire fabric

1.3 Prestressing strand

1.3.1 General

etermining the resistance of pretensioned-conhcrete components in their end zones, t
d-up of the strand force in the transfer and,development lengths shall be taken into acco

stress in the prestressing steel may.be‘assumed to vary linearly from 0 at the point whe
mences to the effective stress afterllosses, f,,, at the end of the transfer length.

iveen the end of the transfer length and the development length, the strand stress may N
icrease linearly, reaching the'stress at nominal resistance, f;,;, at the development length

the purpose of this doeument, the transfer length may be taken as 60 strand diamets
elopment length shall be taken as specified in 9.9.1.3.2.

effects of debonding shall be considered as specified in 9.9.1.3.3.

1.3.2 Bonded strand

Fensigning strand shall be bonded beyond the section required to develop f,, for a dg
rth) Iy,'in mm, where I, shall satisfy Formula (14):

he gradual
lint.
re bonding

e assumed

rs and the

velopment

I 2x(0,15 fs —0,097 .. )d,

where

©IS

k  =1,0 for pretensioned members with a depth of less than or equal to 600 mm;

= 1,6 for pretensioned members with a depth greater than 600 mm.
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9.9.1.3.3 Partially debonded strands

Where a portion or portions of a pretensioning strand are not bonded and where tension exists in the
precompressed tensile zone, the development length, measured from the end of the debonded zone,
shall be determined using Formula (14) with a value of k = 2,0.

The number of partially debonded strands should not exceed 25 % of the total number of strands.
The number of debonded strands in any horizontal row shall not exceed 40 % of the strands in that row.

The length of debonding of any strand shall be such that all limit states are satisfied with consideration
of the total dcvclupcd resistanceat any section ‘uciug iuvcotigatcd. Notmorethan46 %0 ofthedebonded

strands, or|four strands, whichever is greater, shall have the debonding terminated at any sectipn.

Debonded |strands shall be symmetrically distributed about the centreline of the member. Debonded
lengths of pairs of strands that are symmetrically positioned about the centreline of the member shall
be equal.

Exterior strands in each horizontal row shall be fully bonded.
9.9.2 Lap splice dimensions

9.9.2.1 Reinforcing bars

The minimum length of lap for splicing of reinforcing bars sheuld be 50d,, for the bar diamefers
permitted py this document in 9.3.11 (see Figure 28).

. . r

50d,

Figure 28 — Minimum-lap splice length for reinforcing bars

9.9.2.2 Welded-wire fabric

Welded-wife fabric splicing should be attained by superimposing two cross-wires, but the distgnce
between the edge cross-wires-should not be less than 250 mm, for the wire diameters given in 9.B.11
(see Figurd 29).

Te [ L) [ [ J [ J [ J [ J [

_.\/. ] ] ] ] ] ) e
1

> 250 mm

Key

1 two cross-wires

Figure 29 — Minimum lap splice length for welded-wire fabric

9.9.3 Minimum standard hook anchorage distance

The minimum distance between the outer face of concrete and the critical section where the hooked
bar develops its full strength should not be less than 20d,, (see Figure 30).
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5

20d,

critical section

cover requirement

Figure 30 — Minimum standard hook anchorage distance

0 Limits for longitudinal reinforcement

D.1 General

ngitudinal reinforcement in reinforced concrete structural elements should be provideg
11 tension, axial compression, flexure-induced*tension and compression, and/or stress
yariation of temperature and drying shrinkage from the concrete. The amount of g
forcement employed in the structural elements covered by this document should be th
bsist the factored loads and forces, but should be not less than the minimum values given
ensions of the structural element:should be appropriately modified when the amount of

r

).2 Solid slabs and footings

).2.1 Minimum area of shrinkage and temperature reinforcement

hforcement forshrinkage and temperature stresses normal to flexural reinforcement
vided in sttuctural solid slabs and footings where flexural reinforcement extends in on
 (see Figure 31). The maximum spacing for this reinforcement should comply with
pwing-minimum ratios of reinforcement area to gross concrete area, p,, should be pi
nkage and temperature:

\

d to resist
es induced
ngitudinal
Wt required
n 9.10. The
calculated

forcement required to resist thé factored loads and forces exceeds the maximum amounts given in

should be
e direction
9.8.8. The
ovided for

where deformed bars withfy <350 MPa are used: p, 2 0,002 0;

where deformed bars or welded-wire fabric with f;, 2 350 MPa are used: p, 2 0,001 8.

9.10.2.2 Minimum area of tension flexural reinforcement

The minimum area of tension flexural reinforcement, A

s,min’

in structural solid slabs and footings

should be greater or equal to the reinforcement area required for shrinkage and temperature stresses

as

required by 9.10.2.1, (4

4
s,min

should comply with 9.8.7.

© IS0 2021 - All rights reserved
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9.10.2.3

The maximpum reinforcement ratio, p = A,/(b-d), permitted for tension flexurdl yeinforcement in s

slabs and f
flexural re

moment stfength.

Tab

Maximum area of tension flexural reinforcement

Figure 31 — Slab or footing section

ootings should not exceed the value of p ., given in Table 19. lrZSolid slabs and footi
nforcement in compression should not be taken into account ifx.the computation of de

e 19 — Maximum flexural reinforcement ratio, p,.;y, for solid slabs and footings

b

[240]

[300]

[400]

e
MPa

[20]

[0,022.0]

[0,016 0]

[0,011 0]

[25]

[0,0220]

[0,020 0]

[0,014 0]

[30]

[05032 0]

[0,024 0]

[0,016 0]

plid
ngs,
bign

It should be permitted to intérpolate for different values of f, and f"

9.10.3 Girders, beams and joists

9.10.3.1 Minimum area of tension flexural reinforcement

At every dection of a gird€r, beam or joist, where tension flexural reinforcement is required,|the
minimum prea of tensionvflexural reinforcement, A .;,, should be greater or equal to the following
values, where p . is the'value given in Table 20.

For rectanjgular._Sections and T sections where the flange is in compression [see Formula (15) and
Figure 32]
As min = Pmin @ Dy (15)
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21T

A
T

ey

Ay

For|T sections where the flange is in tension (see Figure 33), A; ;, should b¢ greater or e

7z

S

sm4ller value obtained from Formula (16) or Formula (17):

As,min =2 Pmin -d-

As,min = Pmin d- bf

bW

Figure 33 — T-shaped section with flange in tension

Figure 32 — Rectangular section and T-shaped section with flange in compresgion

qual to the

(16)

(17)

Table 20 — Minimum flexural reinforcement ratio, p,;,, for girders, beams and jpists

Miba
240 300 400
20 0,004 7 0,003 7 0,002 8
l\/{f;a 25 0,005 2 0,004 2 0,0031
30 0,0057 0,004 6 0,003 4
It should be permitted to interpolate for different values of f, and f, or use:
Pumin =0,25 Je > 1A
y fy

9.10.3.2 Maximum flexural reinforcement ratios

The ratio of tension flexural reinforcement, p, should not exceed the following values expressed in
function of p,,, as given in Table 21:

© IS0 2021 - All rights reserved
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In girders, beams and joists, having only tension flexural reinforcement [see Formula (18)]:

A
pzﬁgpmax (18)

In girders, beams and joists, having tension and compression flexural reinforcement [see Formula (19
and Figure 34]:

_AS_AS'

p—p = b-d Spmax (19)

§

A

Figure 34 — Section with tension and compreéssion reinforcement

Tabl¢ 21 — Maximum flexural reinforcement ratio, p,,,, for girders, beams and joists

Miba

240 300 400
15 0,024 0,018 0,012
A 20 0,032 0,024 0,016
MPa 25 0,04 0,03 0,02
30 0,048 0,036 0,024

It should be permitted to interpolate for different values of f; and f’, or use:

' 600
Pmax =0'55E' 600+fy

9.10.4 Columns

9.10.4.1

The total area of longitudinal reinforcement for columns, A, should not be less than 0,01 nor more than

st
0,06 times the gross area, 4,, of section [see Formula (20)]:

A
0,01Spt={ St}so,% (20)
Ag

9.10.4.2 Minimum diameter of longitudinal bars

Longitudinal bars in columns should have a nominal diameter, d,,, of 16 mm or more.
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9.10.4.3 Minimum number of longitudinal bars

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

9.10.4.4 Distribution of longitudinal bars

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

9.1

9.1

The
be

9.1

The
sec
enc

9.1

9.1

Tra
she
of d
and
seiq

D.5 Structural concrete walls

D.5.1 Minimum area of vertical reinforcement

minimum ratio, p,, of vertical reinforcement area to gross concrete horizontal section 3
0025
, .

D.5.2 Maximum area of vertical reinforcement

maximum ratio, p,, of vertical reinforcement area to gross Structural concrete wall
ion area should be 0,06, but when the ratio, p,, exceeds 0;01 the vertical reinforcemen
osed with ties as prescribed for columns in 9.11.4.2 [seeBormula (21)]

A
0,0025SpV=[h ?t

“tw

}S0,06

1 Minimum amounts of transverse reinforcement

1.1 General

hsverse reinforcement in reinforced concrete structural elements should be provide
hr, diagonal tension, and torsion stresses. It should be provided also to counteract th
ompression loaded bars tebuckle out of the concrete by bursting the thin outer cong
to prevent displacement-of the longitudinal reinforcement during construction ope
mic zones, it should be placed in special regions of the structural elements to provide c

of ¢
em

factiored loads, fofices and stresses, but should be not less than the minimum values given in

di

reiffforcemefntyrequired to resist the factored loads, forces and stresses, exceeds the maximu
giv¢gn in 91124,

9.11.2

oncrete subjectedte-Stresses in the non-linear range. The amount of transverse rei
loyed in the striictural elements covered by this document should be that required td

ensions of the structural element should be appropriately modified when the amount of

rea should

horizontal
F should be

(21)

d to resist
b tendency
rete cover,
rations. In
nfinement
forcement
resist the
9.11.4. The
calculated
m amounts

Slabs

The design procedures for slabs in this document 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 this document.

9.11.3 Girders, beams and joists

9.11.3.1 Minimum transverse reinforcement

The minimum transverse reinforcement in girders, beams and joist should be the required value for
shear with the exceptions noted in 9.11.3.2.

©IS
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9.11.3.2 Girders and beams in seismic zones

Girders and beams framing into columns and structural concrete walls located in seismic zones should
be provided with confining transverse reinforcement.

9.11.4 Columns

9.11.4.1 General

All columns should have transverse reinforcement in the form of either tie reinforcement or spiral
reinforce i TS i

9.11.4.2 Ties

Transversg reinforcement in columns in the form of ties, should comply with the following provisio

a)

b)

c)

d)

60

all lon
diame

ties sh

have l13teral support provided by the corner of a tie or a crosstie (see Eigure 35);

no lon

supported longitudinal bar (see Figure 35);

the ve

(see Figure 36); and

the fir

column is supported, and the uppermost one shquld be located no more than one-half tie spa¢

below

bitudinal columns bars should be enclosed by lateral ties made with bars\at least 8 mr
er (d, 2 8 mm);

puld be arranged in such a manner that every corner and alternat&longitudinal bar sh
pitudinal bar should be farther than 150 mm clear on each side along the tie from a later

'tical spacing of ties, s, should not exceed a half of the-effective depth of the column sec

5t tie should be located one-half spacing from-the top of the slab, beam or footing, where

the lowest horizontal reinforcement of shallowest member supported above.
5. <150 mm S.>150 mm
SC SC SC SC SC SC SC SC SC SC SC SC
e o e I I o
cnu[ 2 ]
oy m"]

Figure 35 — Arrangement of ties in a tied column section

n in

uld

ally

fion

the
ng

—
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1
) —
|
L
=)

= M
16d,~" 1

d/2

Key)

1 |longitudinal bars
2 |tie

3 |smaller of

4 |tie bar

Figure 36 — Vertical spacing of ties in a tied column

9.11.4.3 Spirals
Colfimns with spiral reinforcement should comply with the following guides:

a) |all longitudinal column bars should be enclosed by a spiral consisting of an evehly spaced
continuous bar at least 8 muhin diameter (dy, = 8 mm);

b) [clear spacing between §pirals should not exceed 80 mm, nor be less than 25 mm, and shojuld comply
with the provisions ©£9.8;

c) |anchorage of théspiral reinforcement should be provided by 1%, extra turns at each end of a spiral
unit;

d) |splices imspiral reinforcement should comply with 9.9.2;

e) |spirals should extend from top of footing or slab to level of lowest horizontal reinfofcement of
shallowest member supported above. In columns with capitals, the spiral should extend fo a level at

whHich the diameter orwidth of Papifa] istwo timesthat ofthe rn]llmn; and

f) ratio of spiral reinforcement, p, defined as ratio of the volume of reinforcement contained in one
loop of the spiral to the volume of concrete in the core of the column confined by the same loop of
spiral, should be not less than any of the values given by Formula (22) (see Figure 37):

Ay -m-d ' A '
Ps =Mzo,1sz and 0,45{—g—1}~£ (22)
A s ys A fys
where
A.. is the area of the confined column core measured centre to centre of the spiral;
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A =md 24
A, isthe gross column section area;

ss is the area of the bar of spiral;

«c Isthe centre-to-centre diameter of the spiral;

f. is the specified concrete strength of the column;

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

s isthe vertical spacing of the spiral.

Key
1 longituflinal bars

2 spiral

Figure 37 — Spiral reinforcement of column

9.11.4.4 (olumn-girderjoints

At joints of frameswhere columns and girders meet, a minimum of three column ties, complying with
9.11.4.3 a) t0 9.14.4.3 c), should be provided within the joint and the maximum vertical spacing between
ties should b€*150 mm. As many ties as necessary should be provided to comply with the maximpum
spacing (sde Eigure 38). nr

9.11.5 Structural concrete walls

The minimum ratio, py, of horizontal reinforcement area to gross concrete vertical section area should
be 0,002 5.
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1
2
3 /| 3
/\/\ ./ /\A
VNN W\/j//\ /f4
< 7 —
I // s

™~

5

L~ s <150 mm

Key]

1 |column longitudinal reinforcement
2 |column ties

3 |girder stirrups

4 |girder longitudinal reinforcement
5 |joint ties

6 |joint

Figure 38 = Column ties in column-girder joints

10|Stress limitations

10.1 Stress limitations for prestressing tendons
Thd tendon striess due to prestress or at the serviceability limit state shall not exceed the values:
— |specified in Table 22; or

— |reeommended by the manufacturer of the tendons or anchorages.

The tendon stress at the ultimate limit states shall not exceed the tensile strength limit specified in
Table 13.

Table 22 — Stress limits for prestressing tendons

Tendon type
Condition Stress-relieved strand -
and plain high- Low relaxation strand Deformed high
strength bars
strength bars
Pretensioning
Immediately prior to transfer (fpi) | 0'70fpu 0'75fpu —
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Table 22 (continued)

At serviceability limit state

0,80 £, 0,80f,, 0,80 £,

after all losses (f,,.)
Post-tensioning

Prior to seating: short-term f; may

be allowed 0'90fpy

0,90 f,, 0,90 f,,

At anchorages and coupler immedi-

ately after anchor set 0,70 fou

0,70 f,, 0,70 f,,

Elsewhere along length of member
away from pnchorages and cou-
plers imme{diately after anchor set

0,70 f,, 0,74 fy 0,70 f,,

At serviceapility limit state

after losseq (f,.) 0,80 fyy

0,80f,, 0,80 £,

10.2 Streps limitations for concrete

If prestressing to the girder is applied only once, stress levels shall be checked when the girdqr is
prestressefl and in service. If prestressing to the girder is applied in more than-one step, the stress lgvel
check shall be added after the deck casting and the secondary prestressing;

Tables 23 dnd 24 show the construction stages when the stress levels.should be checked in the casgs of
single-stage prestressing and multi-stage prestressing, respectively:

Table 23 — Construction stages for stress level check (single-stage prestressing)

Stress
. Non-composite sectiort Composite section
Construction stage ] .
Girder Deck Girder
Top fiber Bottom fiber Top fiber Top fiber Bottom filjer
1 Primary|prestressing
(initial pregtress after short- [Stress] [Stress]
term losseg
2 Primary|prestressing
(effective prestress after [Stress] [Stress]
short-termjand long-term
losses)
3 Dead lodd: self-weightof
girder [Stress] [Stress] [Stress] [Stress]
4 Dead loqd: self-weight of
deck and cjossdbeams [Stress] [Stress]
5 Dead lodd:self-weight of
pavement, barrier, median [Stress] [Stress] [Stress]
strip, curb, and sidewalk
6 Liveload [Stress] [Stress] [Stress]
Sum (1+3) [Sum] [Sum]
Stress limit (for 1+3) [Stress limit] | [Stress limit]
Safety check (for 1+3) 0.Kor N.G 0.Kor N.G
Sum (2+3+4+5+6) [Sum] [Sum] [Sum]
Stress limit (for 2+3+4+5+6) [Stress limit] | [Stresslimit] | [Stress limit]

64
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Stress
. Non-composite section Composite section
Construction stage . .
Girder Deck Girder
Top fiber Bottom fiber Top fiber Top fiber Bottom fiber
Safety check (for 2+43+4+5+6) 0.Kor N.G 0.Kor N.G 0.Kor N.G

Table 24 — Construction stages for stress level check (multi-stage prestressing)

Stress
Non-contlilz) (l)lsne sec Composite section
Construction stage . .
Girder Deck Girddr
. Bottom . Bottom . Bottom

Top fiber fiber Top fiber fiber Top fiber fiber
1 Primary prestressing
(inftial prestress after short- | [Stress] [Stress]
term losses)
2 Primary prestressing
(efflective prestress after [Stress] [Stress]
short-term and long-term
losges)
3. tead load: self-weight of [Stress] [Stress] [Stress] [Stress]
girgler
4 Dead load: self-weight of
dedk and cross beams [Stress] [Stress]
5 $econdary prestressing
(initial prestress after short- [Stress] [Stress] [Stress] [Stress]
term losses)
6 $econdary prestressing
(effective prestress after [Stress] [Stress] [Stress] [Stress]
short-term and long-term
losges)
7 Dead load: self-weight of
pavement, barrier,dngdian [Stress] [Stress] [Stress] [Stress]
strip, curb, and sidewalk
8 Liveload [Stress] [Stress] [Stress] [Stress]
Surh [+3) [Sum] [Sum]

P [Su TSS [Su TSS

Stress limit (for 1+3) limit] limit]
Safety check (for 1+3) 0.KorN.G | 0.KorN.G
Sum (2+3+4) [Sum] [Sum]
Stress limit (for 2+3+4) [Stress limit] | [Stress limit]
Safety check (for 2+3+4) 0.KorN.G | O0.KorN.G
Sum (2+3+4+5) [Sum] [Sum] [Sum]
Stress limit (for 2+3+4+5) [Stress limit] [Stress limit] | [Stress limit]
Safety check (for 2+3+4+5) 0.Kor N.G 0.KorN.G | O0.KorN.G
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Table 24 (continued)

Non-composite sec-

Stress

Composite section

tion
Construction stage . .
Girder Deck Girder
. Bottom . Bottom . Bottom
Top fiber fiber Top fiber fiber Top fiber fiber
Sum (2+3+4+6+7+8) [Sum] [Sum] [Sum] [Sum]

Stress limi

1

(for 2+3+446+7+8)

[Stress limit]

[Stress limit]

[Stress limit]

[Stressdimit]

Safety chedk
(for 2+3+446+7+8)

0.Kor N.G

0.Kor N.G

0.Kor N.G

0.Kor N.G

10.2.1 For temporary stresses before losses-fully prestressed components

10.2.1.1 (ompression stresses

The compressive stress limit for pretensioned and post-tensioned~e€oncrete components, including

segmentally constructed bridges, shall be 0,60 f_;" (MPa).

10.2.1.2 Tension stresses

The limits |n Table 25 shall apply for tensile stresses.

Tablg¢ 25 — Temporary tensile stress limits in prestressed concrete before losses-fully

prestresséd-components

Bridge type Location Stress limit (MPa
Other than|seg- — In precompressed tensile zone without bonded reinforcement |N/A
mentallc}lltc)c_rtlj- — Inareas other thatrthe precompressed tensile zone and with- | g 25 f.i'<1,38
structed bridges )t honded reinfortement

— Inareas with bonded reinforcement (reinforcing bars or 0,63+/f."
. . . . . . ’ Cl1
prestressingsteel) sufficient to resist the tensile force in the
concrete€omputed assuming an uncracked section, where rein-
forcententis proportioned using a stress of 0,5fy, not to exceed
210 MPa.
66
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Table 25 (continued)

Bridge type

Location

Stress limit (MPa)

Segmentally con-
structed bridges

Longitudinal stresses through joints in the precompressed tensile
zone

— Joints with minimum bonded auxiliary reinforcement through
the joints, which is sufficient to carry the calculated tensile force
at a stress of 0,5fy; with internal tendons or external tendons

— Joints without the minimum bonded auxiliary reinforcement
through the joints

0,25,/ f; ' maximum
tension

No tension

Iransverse stresses through joints

— For any type of joint

0,25/f "

Stresses in other areas
— For areas without bonded non-prestressed reinforcement

— Inareas with bonded reinforcement (reinforcing bars or
prestressing steel) sufficient to resist the tensile force in the
concrete computed assuming an uncracked section, where-rein-
forcement is proportioned using a stress of 0,5 f,, not to€xeeed
210 MPa.

Ne'tension

0,50/f,;"

Principal tensile stress at neutral axis in web

— All types of segmental concrete bridges with internal and/
or external tendons, unless the owner impaoses other criteria for
critical structures

0,289./f,;'

10.2.2 For stresses at serviceability limit state after losses-fully prestressed components

10.2.2.1 Compression stresses

The limits in Table 26 shall apply.

Taple 26 — Compressive stress limiits in prestressed concrete at serviceability limit state after

losses-fully prestressed components

Location

Stress lin}it (MPa)

perjmanent loads

— |In other than segmentally constructed bridges due to the sum of effective pre-
stre¢ss and permanent ldads

— |In segmentally constructed bridges due to the sum of effective prestress and

— |Due to the.sum of effective prestress, permanent loads, and transient loads as
well as duringshipping and handling

0,45./f."
0,45./f."

0,60./f."

10.22.2" Tension stresses

The limits in Table 27 shall apply.
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Table 27 — Tensile stress limits in prestressed concrete at serviceability limit state after

losses-fully prestressed components

Bridge type Location Stress limit (MPa)
Other than seg- Tension in the precompressed tensile zone bridges, assuming
mentally con- uncracked sections
structed bridges | _ g, components with bonded prestressing tendons or rein- 0,50/f."
forcement that are subjected to not worse than moderate corro-
sion conditions
— For components with bonded prestressing tendons or rein- 0,25,/f."
forcemrent thatare subjected to SEVETE TOTTUSIVE COTATtIONS
— For components with unbonded prestressing tendons No tension
Segmental Longitudinal stresses through joints in the precompressed tensile
structed b zone
— Joints with minimum bonded auxiliary reinforcement through| g 25 7
the joints sufficient to carry the calculated longitudinal tensile
force at a stress of 0,5fy; internal tendons or external tendons
— Joints without the minimum bonded auxiliary reinforcement. {|No tension
through joints
Transverse stresses through joints
— Tension in the transverse direction in precompressed<ensile | g 25 £
zone
Stresses in other areas
— For areas without bonded reinforcement No tension
— Inareas with bonded reinforcement sufficient to resist the 0,50/f."
tensile force in the concrete computed assuming an uncracked
section, where reinforcement is proportioned using a stress of
0,5 f,, not to exceed 210 MPa.
Principal tensile stress at neutral axis in web
— All types of segmental conerete bridges with internal and/ 0,289,/f,"
or external tendons, unless.the owner imposes other criteria for
critical structures
11 Loss of prestress
11.1 Total loss of prestress
Values of frestress lasSes specified herein shall be applicable for specified concrete strengths up to
105 MPa.
Prestress |osses(in members constructed and prestressed in a single stage, relative to the stress
immediately’before transfer, may be taken as per Formulae (23) and (24):
In pretensioned members:
Afpr =AfpEs + AfpLr (23)
In post-tensioned members:
Afpr =Afpp +Afpa +AMpEs +ApLr (24)
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11.2 Instantaneous losses

11.2.1 Anchorage set

The magnitude of the anchorage set shall be that required to control the stress in the prestressing steel
at transfer or that recommended by the manufacturer of the anchorage, whichever the greater. The
magnitude of the set assumed for the design and used to calculate set loss shall be shown in the contract
documents and verified during construction.

Formula (25) can be used to obtain the anchorage set loss at anchorage, which is linearly reduced to 0

alopg

11.2.2 Friction

11.2.2.1 Pretensioned construction

For|draped prestressing tendons, losses that may occur atithe hold-down devices should be ¢

11.2.2.2 Post-tensioned construction

Lospes due to friction between the internal prestressing tendons and duct wall may be t3

Formula (27):

Losges due to friction between the.external tendon across a single deviator pipe may be tz

Formula (28):

agathe distance ] obtained hu Earmula (261) from tho ancharagao
CHCTEOTET T TG eD D o tor e e Y O OO T O f Dt S et e O e O
4pE Al
Afp = PEpA
pA A
ps

o [E Ay Al
set
p

Bpr = fj (1-e7H1)

Apr _ fpj (1_e—u(a+0,04))

(25)

(26)

onsidered.

ken as per

(27)

ken as per

(28)

Valiies of K and u should be based on experimental data for the materials specified and shall be shown

in the contract documents. In the absence of such data, a value within the ranges of K and u 3
in Table 28 maybe used.

For

chapges.over length x.

tendens confined to a vertical plane, a shall be taken as the sum of the absolute values

s specified

of angular

For tendons curved in three dimensions, the total tridimensional angular change a shall be obtained
by vectorially adding the total vertical angular change, a,, and the total horizontal angular change, a;,.

©IS

Table 28 — Friction coefficients for post-tensioning tendons

Type of steel Type of duct K (/mm) u (/rad)
Rigid and irigid oal [0,15~0,25]
igid and semirigid galva- 7
nized metal sheathing [6,6 x 107] (Rfcorgnzlgnded
Wire or strand value: 0,20)
Polyethylene [6,6 x 107] [0,23]
Rigid steel pipe deviators 6,6 x 107] [0,25]

for external tendons

02021 - All rights reserved
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Table 28 (continued)

Type of steel Type of duct K (/mm) u (/rad)
kP)I;%il-strength Galvanized metal sheathing |[6,6 x 10-7] [0,30]

11.2.3 Elastic shortening

11.2.3.1 Pretensioned members

The loss dyetoelastiT SHOTtEMITNE T pretensioned MeEMmbers sitait De taken as per Formua (297
l;p
AprS ::E_fcgp 29)
ct
The total ejastic loss or gain may be taken as the sum of the effects of prestress and applied loads.
11.2.3.2 Rost-tensioned members
The loss dye to elastic shortening in post-tensioned members, other than skab'systems, may be takeh as
per Formula (30):
N-1E,
Afpe ¥ ———P 30)
pES cgp
2N Eg

Jfegp Values may be calculated using a steel stress reduced belaw the initial value by a margin dependent
on elastic ghortening, relaxation, and friction effects.
For post-tepsioned structures with bonded tendons,f;, may be taken at the centre section of the span
or, for continuous construction, at the section of maximum moment.
For post-tensioned structures with unbonded tendons, the f_,, value may be calculated as the stregs at
the centre pf gravity of the prestressing stéebaveraged along the length of the member.
11.2.3.3 (ombined pretensioningand post-tensioning
In applying the provisions of/41.2.3.1 and 11.2.3.2 to components with combined pretensiofing
and post-tensioning, and whére post-tensioning is not applied in identical increments, the effectls of

hall

d 2.

oth

subsequent post-tensioning-on the elastic shortening of previously stressed prestressing tendons s

be consideted.

11.3 Appfroximate’‘estimate of time-dependent losses

Approximdte @€stimate of time-dependent losses may be determined by either Method 1 or Metho|
Method 1 ghall only be applicable to pretensioned members, while Method 2 can be applicable to h
pretensioned and post-tensioned members.

Method 1

For standard precast, pretensioned members subjected to normal loading and environmental
conditions, where:

70

members are made from normal-density concrete;
the concrete is either steam- or moist-cured;
prestressing is by bars or strands with normal and low relaxation properties; and

average exposure conditions and temperatures characterize the site.
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The long-term prestress loss, Af,; 1, due to creep of concrete, shrinkage of concrete, and relaxation of
steel shall be estimated using Formula (31):

f..A
Afyir =10 p;l B YhYst +837nYst + AR (31)
g
where
Yn :1,7—0,01Hr (32)
35 (33)
Yot =70
T+ £y
Method 2

The time-dependent losses may be calculated by considering the following twomeéductions of stress.

— |due to time-dependent losses that may be calculated by considering cencrete creep and|shrinkage,
under the permanent loads; and

— |the reduction of stress in the steel due to the relaxation under tension.

Thetime-dependentlosses atlocation x under the permanent loads shall be estimate using Foymula (34):

E
EcsEp +0,8Af g +E—pqo(t.to )feqp

— c
AprT_1+E—p-i(1+izz )[1+0,8¢(t,to ) o
E. A~ I, P SR
whére
ApS is the area of all the prestressing tendons at the location x;
A. is the area of the concrete’section;
E, is the modulus ofcelasticity for the prestressing steel;
E. is the modulus, of elasticity for the concrete;

foqp  is the stress’in the concrete adjacent to the tendons, due to self-weight and initigl prestress
and other quasi-permanent actions where relevant;

1. issthe second moment of area of the concrete section;
Zep is the distance between the centre of gravity of the concrete section and the tenglons;
Apr is the ahsolnte value of the variation of stress in the tendons at location x,_at tithe ¢, due to

the relaxation of the prestressing steel;

Af,ir s the absolute value of the variation of stress in the tendons due to creep, shrinkage and
relaxation at location x, at time ¢;

€ is the estimated shrinkage strain in absolute value at time ¢;

Ccs

@(t, ty) is the creep coefficient at a time ¢t and load application at time ¢,

Compressive stresses and the corresponding strains given in Formula (34) should be used with a
positive sign.

Formula (34) applies for bonded tendons when local values of stresses are used and for unbonded
tendons when mean values of stresses are used. The mean values should be calculated between straight

©1S0 2021 - All rights reserved 71


https://standardsiso.com/api/?name=1cea811ec51317bb715a9e08ee2d3895

ISO 21725-1:2021(E)

sections limited by the idealized deviation points for external tendons or along the entire length in case
of internal tendons.

£ after the end of initial wet curing, e.g. after 7 days for moist cured concrete and after 1~3 days for

steam cure

E=—7TE€
¢S 3p g osu

E =
Ccs c

St

d concrete, can be obtained by Formulae (35) and (36), respectively.

t

(

t
€csu

where

t is

€esu = [

The shrink
considered

(tt,) fore

can be obt§

o(t,ty

where

t s

Py =
If the prest

Af,g can be
respective

Apr =

Apr =

where

the time in days;

780]x107¢ m/m.

in calculation of prestress loss.

prestressing age t, of 7 days for moist cured concrete and 1~3 days for steam cured conc

hined by Formula (37).

t0’6

T 0106

the time in days after prestressing;
2,35].

ressing age is 14 days or 28 days, ¢, shall be adjusted to [2,0] or [1,76], respectively.

obtained by Formulae (38)and (39) for post-tensioned members and pretensioned memb
Joi

y.
( —0,55]
Joy
logyg tlogygty [ fpi

! 10 [f

py

logyo ¢t

Joi 10

fo

—O,SSJ

age that occurs after the end of the initial wet curing and before /tenSioning shall not

35)

(36)

be

Fete

37)

crI'sS,

38)

39)

t

t

r

is the time in hours;

is the time of prestress release in hours for pretensioned members.

The shrinkage strain, creep and relaxation loss can be estimated for each construction stage based on
Formulae (35)-(39) as the following examples of Table 29 and Table 30.
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Table 29 — Standard construction stage and long-term losses of post-tensioned girder bridge

Time Accumulated
Construction stage time Shrinkage Creep Relaxation
month month
Girder casting? 0 0 0 0 0
Primary
prestressing 1 1 0 0 0
Deck slab 1 2 0,21 0,43 0,61
casting
Sedondary
prefstressing 1 3 0,31 0,54 0,68
(opfional)
Corppletion of bridge 2 5 0,41 0,64 0,75
In gervice c d ¢
(5 years later)P 60 0,60 Lo 10
a  [Moist cured concrete for 7 days is assumed.
b |Although the exact values corresponding to a certain time can be calculated frgnarFormulae (35) to (39), 5[years can be
regarded as a sufficiently long time.
c 1,0 means 100 % of shrinkage strain, creep coefficient and relaxation loss.

Tjable 30 — Standard construction stage and long-terntlosses of pretensioned girdeyr bridge

c . Time Accumulated
ons;;;l;(;tlon time Shrinkage Creep Relaxation
month month

Primary pre-
stre¢ssing and 0 Q 0 0 0
girdler casting?

Prdstress 0.1 0,1 0 0 0
relgase

casfing

Sedondary

prestressing 1 21 0,52 0,54 047
(opkional)

Completion of 2 41 0,69 0,64 0,58
bridige

In dervice _ 60 1,0¢ 1,0¢ 1,0¢

(5 years later)b

a  |Steam'cured concrete for 3 days is assumed.

b |Although the exact values corresponding to a certain time can be calculated from Formulae (35) to (39). Slyears can be
regarded as a sufficiently long time.

c 1,0 means 100 % of shrinkage strain, creep coefficient and relaxation loss.

12 Details of tendon
12.1 Tendon confinement

12.1.1 General

Tendons shall be located within the reinforcing steel stirrups in webs, and, where applicable, between
layers of transverse reinforcing steel in flanges. For ducts in the bottom flanges of variable depth
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