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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 box 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 in simplified worldwide-accepted strength design models. This document is
self-contained; therefore, loads, simplified analysis procedures and design specifications are included,
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Vell as minimum acceptable construction practice guidelines.

esirable side effects that require more sophisticated analysis and design procédures. M
struction guidelines are aimed at site-mixed concrete as well as ready-mixed-concrete, 4
minimum available strength grades.

earthquake resistance guidelines are included to account for the numérous regions o

bd on the employment of structural concrete walls (shear walls), that limit the lateral de
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 intermediate, low or no significant earthquake hazard.

5 document contains provisions that can be modified.hy*the national standards body d
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document.
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Simplified design of prestressed concrete bridges —

Part 2:
Box-girder bridges

1 [Scope

Thif document provides information to perform the design of the prestressed concrete |box girder
bridge for road that complies with the limitations established in 6.1. The rules of design as pet forth in
the|document are simplifications of more elaborate requirements. Among severaljerection methods of
box|girder bridges, the provisions of this document are mainly applicable to full staging method (FSM).
Desiigns 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 resistantto 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 theltext in such a way that some or all of their content
conptitutes requirements of this document. Ker’ dated references, only the edition cited dpplies. For
undated references, the latest edition of theseferenced document (including any amendmengs) applies.
[S0|28842, Guidelines for simplified design of reinforced concrete bridges

3 |Terms and definitions

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

[SOJand IEC maintain fepminology databases for use in standardization at the following addrfesses:

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

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

31

admixture

material other than wa aggrega 3 emen ed 3 el and added
to concrete before or during its mixing to modify its properties

3.2

anchorage

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

3.3

B-region

portion of a member in which it is reasonable to assume that strains due to flexure vary linearly
through section

©IS
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3.4
beam

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

3.5
clearance

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

3.6

compression reinforcement

reinforcen
member s¢g

3.7

specified ¢
compressiy
appropriat

Note 1 to ey
value only i

3.8

corrosion
gradual re
oxygen, an

3.9
cover
thickness
member

3.10
crosstie
continuoug
diameter e

Note 1 to en)
engaging th

3.11
D-region
portion of

3.12
deformed

ent provided to resist compression stresses induced by flexural moments acting on
ction

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

try: Whenever the quantity £, in under a radical sign (4/ f, '), the positive-square root of nume
intended, and the result has units of megapascals (MPa).

moval or weakening of metal from its surface that requires the presence of humidity
 is helped by the presence of other materials

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

reinforcing bar having a 135° hook at one end and a hook not less than 90° at least a
ktension 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.

h member with a force discontinuity or a geometric discontinuity

reinforcement

the

the

ical

and

"ete

six-

ties

steel reinfi

reement 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 according to
this document: deformed reinforcing bars, deformed wire, welded plain wire fabric, and welded deformed wire

fabric confo

3.13

rming to the appropriate ISO standards.

design strength

product of
3.14

the nominal strength multiplied by a strength reduction factor

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

section

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

3.15

diaphragm

transverse stiffener which is provided between girders in order to maintain section geometry, to resist
lateral forces, and to transfer loads to support

3.16

duct

material creating a conduit in a concrete member to accommodate the prestressing steel of a post-
tensioning tendon

3.17

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

at the end of a reinforcing bar
Notg 1 to entry: They are defined by the angle.that the bend forms with the bar as either 90°, 180° or|135° hooks.

3.2p
jacking force
<prestressed concrete> temporary force exerted by the device that introduces tension into the tendons

3.28

joisgt
T-sﬂaped beam used imparallel series directly supporting deck loads, and supported in turp by larger
girders, beams, or bearing structural concrete walls

3.2¢
lap|splice
splice between two reinforcing bars obtained by overlapping them for a specified length

3.25
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)

3.26

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

3.27
load effect
force and deformation produced in structural members by the applied loads

©1S0 2021 - All rights reserved 3
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3.28

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

3.29

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

3.30

load
force or o
environme

3.31

longitudin
reinforcen
flexural eff

3.32
mesh wirg
welded-wi

3.33

ther action that results from the weight of all bridge materials, pedestrians, vehi
ntal effects, differential movement, and restrained dimensional changes

al reinforcement
ent that is laid parallel to the longitudinal axis of the element, generally to account
ects

e fabric reinforcement

nominal l¢ad

magnitude]
earthquak

3.34
nominal s
capacity of
specified

Note 1 to
field tests o
and field co

3.35

of the loads specified in this document (dead;live, soil, wind, snow, rain, flood,

)

frength
a structure or member to resist the effects of loads, as determined by computations u
aterial strengths and dimensions andthe Formulae set forth in this document

e:]ltry: Specified material strengths are/derived from accepted principles of structural mechanics g

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

permanen
load in w

Note1toe

3.36
post-tensi
method of|

tload

hr]'ch variations overtime are rare or of small magnitude

ry: All otherdloads are variable loads (see also 3.33).

pning
prestressing reinforced concrete in which tendons are tensioned after the concrete

attained a

les,

for

and

bing

r by
fory

has

3.37

:ppr‘ifipd minimum erpngfh ora Qppr‘ifipd minimum age

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

3.38

pretensioning
method of prestressing in which prestressing steel is tensioned before the concrete is placed

3.39

required factored strength
strength of a member or cross-section required to resist factored loads or related internal moments

and forces

in such combinations as are stipulated by this document

© IS0 2021 - All rights reserved
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3.40
service load
load specified by this document (without load factors)

3.41

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

3.42
skew

difference or deviation from an expected or optimal value; in the case of bridges, deviation of the

longitudinal axis of the deck with respect to a line perpendicular to the length of the abiitmg

3.4
sla
dec

upp

3.44

Spil
con

3.4
stir
reir

Not
U, o
"stil

coluymns and walls, perhaps because they are intended also as confinement for the longitudinal reir

See

3.4
strq
coe
the

Not
dim|
the

3.4
ten
an

eler
toe

K
er flat part of a reinforced concrete deck carried by supporting joists or,beams or girder

ral reinforcement
finuously wound reinforcement in the form of a cylindrical helix

D
rup
forcement used to resist shear and torsion stresses in‘a structural member

e 1 to entry: Typically bars, wires, or welded-wire fabric (plain or deformed) either single leg or
' rectangular shapes and located perpendicular to or at an angle to longitudinal reinforcement
rups” is usually applied to lateral reinforcementin girders, beams, and joists; the term "ties'

hlso 3.48.

-

D

ength reduction factor

[ficient that accounts for deviations of the actual strength from the nominal strength, a
manner and consequences-offailure

e 1 to entry: Including the ‘probability of understrength members due to variations in material st
ensions, approximatjens/in the design Formulae, to reflect the degree of ductility and required 1
member under the load effects being considered, and to reflect the importance of the element in th

/
don
hssemblynconsisting of a tensioned element (such as a wire, bar, rod, strand, or a bund

nclose and anchor the tensioned element

nts

"2}

bent into L,
. (The term
to those in
forcement).

ccording to

Fengths and
eliability on
e structure.

le of these

hents),used to impart compressive stress in concrete, along with any associated compopnents used

3.4
tie

loop of reinforcing bar or wire enclosing longitudinal reinforcement

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.

3.49

transfer length
the length from the end of the member where the tendon stress is zero to the point along the tendon
where the prestress is fully effective
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3.50

transverse reinforcement

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

3.51
yield strength
specified minimum yield strength or yield point of reinforcement

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

Note 2 to erftry: Applicable International standards specily that the yield strength or yield point be determjned
in tension.

4 Symbols and abbreviated terms

Symbol Explanation Unit
a Hepth of equivalent uniform compressive stress block mm
Aofs ateral dimension of the effective bearing area measured parallel to the Jarger mm

Himension of the cross-section
q ateral dimension of the anchorage device or group of devices in the direction con- |mm

sidered
A maximum area of the portion of the supporting surface thatis'similar to the loaded |mm?

hrea and concentric with it and does not overlap similar aréas for adjacent anchor-

hge devices
A, fraction of acceleration of gravity —
Ay pffective bearing area mm?
A, hrea of concrete section mm?
Acont bearing area of the confined concrete in local zone mm?
A, bross area of section of element mm?
A late hnchor bearing plate area mm?
Aps hrea of prestressing steel mm?
Aps s hrea of prestressing steel corresponding to concrete top slab mm?
Ay hrea of longitudinal tension reinforcement mm?
A hrea of longitudinal.compression reinforcement mm?
Ag st hrea of shrinkage.and temperature reinforcement in each direction and each face |mm?2/mm
A, hrea of shear réinforcement (stirrup) within a distance s mm?
b width of seotion of the member mm
bg ateral.dimension of the effective bearing area measured parallel to the smaller mm

Hinfension of the cross-section

w reh width of girder or heam mm
d effective depth of reinforcement mm
d distance from extreme compression fibre to centroid of compression reinforcement| mm
dy, nominal diameter of reinforcing bar or strand mm
Ayurst distance from anchorage device to the centroid of the bursting force mm
de. 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
a eccentricity of the anchorage device or group of devices with respect to the cen- mm
troid of the cross-section; always taken as positive
E modulus of elasticity MPa
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Symbol Explanation Unit
E, modulus of elasticity of the bearing plate material MPa
E. modulus of elasticity of concrete MPa
E modulus of elasticity of concrete when post-tensioned MPa
E. modulus of elasticity of concrete at transfer MPa
E, modulus of elasticity of prestressing steel MPa
b stress in anchor plate at a section taken at the edge of the wedge hole or holes MPa
S specified compressive strength of concrete MPa
fd compressive strength of concrete reduced by the material tactor MP3
fo! specified compressive strength of concrete at time of initial loading or prestressing{MPa
for average (required) compressive strength of concrete MPa
feap) concrete stress at the centre of gravity of prestressing tendons due to the pre- MPal

stressing force immediately after transfer and the self-weight of the membéer at the
section of maximum moment

fepe compressive stress in concrete due to effective prestress forces only (after allow- |MPa
ance for all prestress losses) at extreme fibre of section where tensile stress is
caused by externally applied loads

feq stress in the concrete adjacent to the tendons, due to self-weight and initial pre- MPal
stress and other quasi-permanent actions
foe effective stress in the prestressing steel after losses MPal
foi prestressing steel stress immediately prior to transfer MP3|
foi stress in the prestressing steel at jacking MP3|
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 MP3|
foy yield strength of prestressing strand’and bar MPal
fovd yield strength of prestressing strand and bar reduced by the material factor MPal
/- modulus of rupture of conckefe MPa3j
fe stress in reinforcement MPa3|
1o stress in compression reinforcement MPa3|
fee effective stress.n the prestressing steel after losses MPa
fy specified yieldstrength of reinforcement MPal
fyd yield strength of reinforcement reduced by the material factor MP3|
fys specifiedyield strength of transverse or spiral reinforcement MPal
F, sitevdoefficient —
Fih i-plane deviation force effect per unit length of tendon N/mm
Fodur out-of-plane force effect per unit length of tendon N/nim
g aeecelerationofgravity 11175
h overall depth or thickness of the member mm
hg height or thickness of top slab mm
hy lateral dimension of the cross-section in the direction considered mm
H the largest height of bridge supports m
H. average annual ambient relative humidity %
1 second moment of area mm*
I second moment of area of concrete mm*
Ip second moment of area of deck m#
Ip second moment of area of wall, frame or pier m#
K wobble friction coefficient /mm
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Symbol Explanation Unit
I, longitudinal extent of confining reinforcement of the local zone mm
Iy development length for reinforcing bar and pretensioning strand mm
set Influencing distance of anchorage set mm
L span length m
Ly total length m
mp total mass kg
M., cracking moment N-mm
My otal unfactored dead load moment acting on the Monolthic or non-composite N-mm
section
N hominal flexural moment strength at section N-mm
M, factored flexural moment at section N-mm
n humber of anchorages in a row —
n, projection of base plate beyond the wedge hole or wedge plate mm
N humber of identical prestressing tendons —
p Slope of prestressing force distribution due to friction N/mm
P, bearing resistance of anchorages N
P, fendon force N
R Fadius 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 mm
S, Hesign response spectrum —
S, section modulus for the extreme fibre of the.composite section where tensile stress |mm3
s caused by externally applied loads
She section modulus for the extreme fibre ¢fithe monolithic or non-composite section |mm3
where tensile stress is caused by externally applied loads
t fime days or h
ty hverage thickness of the bearing plate mm
£, fime of prestress release h
Thurst fensile force in the ancherage zone acting ahead of the anchorage device and trans- [N
verse to the tendon.axis
V. Contribution ofthe concrete to the nominal shear strength at section N
v, hominal shearstrength at section N
V. chear resistance per unit length of the concrete cover against pull-out by deviation |[N/mm
forces
V, contribution of the shear reinforcement (stirrup) to the nominal shear strength at |N
v, factored shear force at section N
W, equivalent lateral force kN/m
w, seismic uniformly distributed load kN/m
X length of a prestressing tendon from the jacking end to any point under considera- |mm
tion
o distance 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 if tensioning is done equally at both ends,
to the point under investigation
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Symbol Explanation Unit
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
y load factor —
Ve material factor for concrete —
Vs material factor for steel —
Afoa prestress loss due to anchorage set MPa
Aok sum of all prestress losses or gains due to elastic shortening or extension at the MpPaj
time of application of prestress and/or external loads
Afyf prestress loss due to friction MP3|
Afolr prestress losses due to long-term shrinkage and creep of concrete, and relaxation |MPa
of the steel
Afok prestress loss due to relaxation of a strand MPal
Afot total loss of prestress MPal
Al anchorage set mm
£ shrinkage strain m/nj
sl ultimate shrinkage strain m/nl
u curvature friction coefficient /rad
[0) strength reduction factor —
o(tty) creep coefficient —
o ultimate creep coefficient —

5 |Design and construction procedure

5.1 Procedure

5.1/1 General

The design procedure comprises the following steps (see Figure 1).

a) |Step A: Definition‘gf the layout in plan and height of the structure, according to the prjovisions of

Clause 7. Verify‘that the limitations of 6.1 are met.

b) |Step B: Calculation of all gravity loads that act on the structure using the provisions ¢f Clause 8,

excludingthe self-weight of the structural elements.

c) |Step\C: Trial dimensions for the girders and calculation of their self-weight. Flexurall and shear

design of the girders, correcting the dimension as required by the ultimate and servicegbility limit

states:

d) Step D: Trial dimensions for the substructure system and calculation of its self-weight. Elements
slenderness verification and design for combination of axial load and moment, and shear, correcting
the dimension as required by the strength and serviceability limit states.

e) Step E: If lateral loads such as earthquake, wind, or lateral earth pressure exist, their magnitude is
established using the provisions in Clause 8; otherwise the designer should proceed to Step G.

f) Step F: The loads at the foundation level are determined, and a definition of the foundation system
is performed. The structural elements of the foundation are designed.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

g) Step G: Preliminary location and trial dimensions for structural concrete walls capable of resisting
the lateral loads established, the influence of their self-weight is evaluated, and flexural and shear
design of the structural concrete walls is performed.

h) Step H: Production of structural drawings.

i) Step I: Construction of the structure should be performed complying with the local construction
and practice.
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step A: preliminary design of structure
step B: definition of loads

construction stage analysis (FSM: full
method)

step C: design of girders

step D: design of substructure
step E: definition of lateral forces
step F: design of foundations
step G: design of structural walls
step H: structural drawings
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structural modelling and analysis
check of allowable stress (serviceability limit state)

check of flexural strength and minimum rebar
(ultimate limit state)

design of central diaphragm
design of end diaphragm
design of local zone

design of general zone
longitudinal design
transverse design
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10
11
12
13
14
15
16

stepl:c

flexural

design conditions and assumption of section
structural modelling and analysis

check of stress limitations (serviceability limit state) 29
check of deflection (serviceability limit state)

shear and torsion (ultimate limit state)

26
27
28

onstruction of structure design of diaphragm

design of anchorage zone

redesign of prestressing tendons

redesign of section and prestressing tendons
30
31

32

redesign of section and prestressing tendons
redesign of section
N.G. (no good)

design (ultimate limit state)

Figure 1 — Design and construction procedure
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soil retaining structure, sidefriction, end bearing capacity, and lateral soil stiffness required for de

of deep fou
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the gemeral structural requirements of the project, as required by 7.1;

gn documentation

steps should be fully recorded in the following documents:

culation report

ural designer should document all design steps in a calculation report. This report sh
a minimum, the following:

ription of the structural system employed;

nd assumptions employed;

strength and fabrication standards for al] structural materials;
tation of all design computations; atg

es of the reinforcement layout forall structural elements.

otechnical report

hnical report should\record, as a minimum, the soil investigation performed, the defini
Fable bearing capagity of the bearing soil, the lateral soil pressures required for design of

ndation and‘@H other information.

uctural-drawings

iwings required for construction of the bridge.
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5.2.5 Specifications

The constr
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6 General provisions
6.1 Limitations

6.1.1 General

This document should be employed only when the bridge being designed complies with all the
limitations set forth in 6.1.2 to 6.1.14.

6.1.2__ _Permitted use

Deslign of bridges of mixed use using this document should be permitted, but restricted [to pedestrian
and| vehicular traffic. Bridges for trains are beyond the scope of this document.

6.1)]3 Maximum number of spans

Thg maximum number of spans for a bridge designed according to thiscdocument should be as per

Table 1 — Maximum allowed number-of spans

Number of spans

Bridge over water [3]

Bridge for road overpass [3]

6.114 Recommended span length

Thg recommended span length is from [40] mto [60] m for each span.

6.1/5 Maximum difference in span length

Spe;[: should be approximately equal;-with the larger of two adjacent spans not greater than the shorter
by more than the percentage spécified in Table 2.

Table 2 — Maximum difference in two consecutive span lengths

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

6.1)6 Maximum cantilever length

The raximum clear cantilever length for girders should comply with 10.3.3 in order to avoid fantilevers
too Tong 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.

6.1.7 Maximum height of bridge

The height of the bridge supports, including abutments and piers, shall not exceed the values given
in Table 3, according to seismic hazard level or wind intensity. The difference between the various
supports heights for the same bridge shall not exceed 20 %, as more detailed analysis would be required
to assess the impact of such differences on stiffness and force distribution.
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Table 3 — Maximum allowable support height

Seismic hazard level or wind intensity Low Intermediate High

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

6.1.8 Maximum number of lanes

The maximum number of lanes for a vehicular bridge designed according to this document should be

[4]. Up to [2

| sidewalks may be considered in addition to the vehicle traffic lanes.

6.1.9 WidthTimitations

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 d

excess of []
6.1.10 Clg

6.1.10.1 (

The horizo
of vehicul

The roadw
shoulders.
across the

6.1.10.2 (

6.1.10.2.1

Vertical clg
[0,3] m for

6.1.10.2.2

Horizontal
where necq

6.1.10.3 (

6.1.10.3.1

4] m. Sidewalk should comply with a minimum width of [1,7] m.
arances

feneral

tal clearance shall be the clear width, and vertical clearaneetthe clear height for the pass
traffic.

bay width shall generally equal the width of thesapproach roadway section incluc
Where curbed roadway sections approach a structure, the same section shall be car
Structure.

feneral clearances

Vertical clearance

arance shall not be less than [5;5] m over the entire roadway width with an allowand
resurfacing.

Horizontal clearance

clearance shall beat least the dimension of the approach roadway width, including cy
pSsary.

learance-for underpasses

Width

rin

age

ling
Fied

e of

rbs

The pier c

tams orwatts for grade spacing structures stratt generatty be tocateda o of 19

] 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
atleast [0,7] m outside the normal shoulder line.

6.1.10.3.2

Vertical clearance

A vertical clearance of not less than [5,5] m shall be provided between curbs, or if curbs are not used,
over the entire width that is available for traffic.

14
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6.1.10.4 Clearance for depressed roadways

6.1.10.4.1 Clearance between walls

The minimum width between walls for depressed roadways carrying two lanes of traffic shall be [9] m.

6.1.10.4.2 Curbs

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

6.1

Bridlges designed according to this document should have a low skew angle, not exceeding [3

6.1

Bridliges designed according to this document should have a maximum length ‘to horizontal
rad

6.1

Bridlges designed according to this document should have a copstant cross-section along the
por

6.1

No
of moments shall be allowed from the bridge deck to the columns, piers, abutments, or td
elethent that carries the loads to the ground, due to gravity and to other loads longitudinal ¢
support at one of the abutments should allow movement in the deck longitudinal direction.

6.2

The design approach of this document is based on limit states, where a limit state is a condit|
whilch a structure or member(becomes unfit for service and is judged either to be no longer u
intgnded function or to be tinsafe.

The following limit stdtés are considered implicitly in the design procedure:

11 Maximum skew angle

12 Maximum bridge horizontal curvature

us of [4] %.

13 Cross-section variation

Lions of the bridge, except in cantilever sections.

14 Interaction between superstructure and substructure

framing effect is permitted along the longitudinal axis of the bridge. No direct tr

Limit states

structural integrity limit state;
lateral lead drift limit state;

longitudinal drift limit state;

0J°.

curvature

Continuous

hnsmission
any other
ffects. The

ion beyond
seful for its

durability limit state:

fire limit state; and

fatigue limit state.

Ultimate and serviceability limit states are to be verified through the different stages of design using
the document.
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6.3 Ultimate limit state design format

6.3.1 General

The ultimate limit state corresponds to the condition when one or more parts of the structure reach a
point where they are incapable of carrying any additional loads. Therefore, for the ultimate limit state
design the structure and the structural members should be designed to have design strength at all
sections at least equal to the required strengths calculated for the factored loads and forces in such
combinations as are stipulated in this document.

R=S €y

where

R isthe resistance;

S isthe load effect.

To allow fgr the possibility that the resistances may be less than computed, and the load effects may
be larger than computed, material factors are to be used to reduce material strength and load factjors,
y, generally greater than one, should be employed. Ultimate resistantforce is obtained by reducing|the
specified yjield strength for steel or reducing the specified compressive strength of concrete, or botH, by
means of dividing these values by the corresponding material factors [see Formula (2)]:

f0 f
R=f| 5, =2 [271S1 +72S, +73S3 +-+ (2)
ymC yms

where

R is the strength;

S is the load effect based on the nominal loads prescribed by this document.

Therefore,[the ultimate limit state design format shall meet Formula (3) or Formula (4):

Ry2U (3)
Ry=f fo—y U (4)
ymc yms
where

U istherequired factored strength;

U=y151#Y2So+

6.3.2 Required factored loads

The required factored load, U, should be computed by multiplying service loads, or forces, by load
factors using the load factors and combinations in 8.10.1.

16 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

6.3.3 Design strength

The design strength provided by a member, its connections to other members, and its cross-sections, is
then identified by the subindex r, and should be taken as the strength calculated in accordance with the
requirements and assumptions for each particular force effect in each of the element types at the critical
sections defined by this document, based on the limit stress reduced according to each corresponding
material as per Table 4:

Table 4 — Material factor

Material Factor
Concrete, y,,. [1,5]
Steel, Y6 [1,5]

A more detailed explanation on the material factor is provided in Annex A.

6.4{ Serviceability limit state design format

Serviceability limit states correspond to conditions beyond which specified performance requirements
for the structure, or the structural elements, are no longer met. Compliance with the servicegbility limit
stafle in this document should be obtained indirectly through the obiseérvance of the limiting dimensions,
cover, detailing and construction requirements. For bridges,~these serviceability conditigns include
effdcts such as:

— |permanent deformations, either of the structure or.its foundations, that cause public concern or
make the structure unfit for use; dynamic movements that cause discomfort or public cgncern;

— |dynamic movements that cause damage to non-structural elements such as railings;
— |damage by scour;
— |flooding or scour of adjacent properties; and

— |damage due to corrosion that'is)sufficient to cause significant reduction in the strempgth of the
structure or in its service life.

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

7 |Structural systems and layout
7.1| Description of the components of the structure

7.1{1 General

For|th®purposes of this document, the bridge structure should be divided in the following cdmponents.

7.1.2 Superstructure system

The superstructure consists of the structural elements that comprise the portion of the bridge that
directly receive the live load. The superstructure system corresponds to the box girder in box girder
bridges. The superstructure should also act as a diaphragm that carries through its plane the lateral
loads from their point of application to the vertical elements of the lateral load resisting system.

7.1.3 Substructure system

The substructure system holds up the superstructure and carries the accumulated gravity loads
all the way down to the foundation of the structure. The substructure acts also as the lateral load
resisting system supporting and transmitting to the ground the lateral loads arising from earthquake
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motions, wind, and lateral earth pressure. The vertical elements of the lateral load resisting system
collect the forces arising from the superstructure and carry them down to the foundation, and through
the foundation to the underlying soil. According to this document the main vertical elements of the
substructure system should be cantilever piers, frames or structural concrete walls, and are described
in Clause 15.

7.1.4 Foundation

The foundation comprises all structural elements that serve to transmit loads from the structure to the
underlying supporting soil, or are in contact with the soil, or serve to contain it. It includes elements

such as sp
foundation

7.2 Gen

721 Ar

It is advisable that an architect, an urban planner and a landscaper are involvedsin’the project, but

not manda
the owner
part of the

The geners
— locatig
alignm
roadw|

vistas

presen

7.2.2 Ge

Basedont
structural

guides sho
intend

nomin

environmental and visual impact.

iy 43 L Jd £ 43 £, Aol 4 foios 11 da 1 |
calu lUULlllsD’ CUIIIUITICYuUu lUULlllsD’ ITUUITUAdUIVIT IITAatS, lCLalllllls vwdallyo, sl dUutlT UCTdIIlS, dIlu

s, such as piles and caissons, and their pile footings and caps among others.
eral guide

Chitectural guide

fory. In any case, a general architectural guide of the bridge shouldbe coordinated betw
and the structural designer before actual structural design bégins, even if no archite
project.

| architectural guide should be based on the following de€sigh aspects:
n;

ent;

hy characteristics and details, bordering conditions;

and scenery;

ce of open space and manufactured‘complexes; and

neral structural guides for the project

e general architectural guide information, the structural designer should define the gen
puides for the structure being designed according to this document. These general struct
1ld include, atdeast, the following items:

ed use forthe bridge;
bl loads'related to the use of the bridge;

leads required by the owner or competent authorities;

eep

it is
een
tis

bral
iral

specia

design

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

wind requirements for the site;
requirements for rain, hail, ice and snow consideration;

site information related to slopes and site drainage;

investigation, and additional restrictions related to expected soil settlements;

humidity, presence of deleterious chemicals and salts;

18

allowable soil bearing capacity, and recommended foundation system derived from the geotechnical

environmental requirements derived from local seasonal and daily temperature variations,
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availability, type, and quality of materials such as reinforcing steel, cement and aggregates;

availability of materials for formwork erection;

availability of testing facilities for concrete mix design and quality control during construction; and

availability of qualified workforce.

7.3 Structural layout
7.341 General structural lnynnf
The structural designer should define a general structural layout in plan (see Figure-2).]

stru

BwWw N R

7.3

lctural layout in plan should include:

dimensioned grid for axes, or centrelines, in both principal directions in plan. These 3
intersect at the location of the vertical supporting elements (columns, piers, structur
walls, and abutments);

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

horizontal distance between centrelines, S, which corresponds to the centre-to-centre sp
and horizontal distance, B, which corresponds to the centresto-centre breadth, of the supe
system.

deck width

pier, frame or wall
centrelines grid
abutment

Figure 2 — General structural layout in plan

2~ Vertical layout

he general

xes should
hl concrete

5 should be

an lengths,
rstructure

The structural designer should define a general structural vertical layout (see Figure 3). This vertical
layout should include all relevant information in height of the structure, including:

abutments, piers, frames or columns height, defined as the vertical distance from superstructure

finish to the ground;

slope and shape of the terrain;

vertical clearance from roadway to superstructure lowermost surface, as specified by this document

or local highway specifications, whichever is larger; and

supporting soil stratum depth, and water table depth.
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the height of the tallest support, measured from ground to superstructure finish, should not exd

the mg
exceed

the nu

pedest

hble

ce

soil stratum

Figure 3 — Vertical layout of the bridge

ibility under the guidelines

ral design according to this document. Complianice with the following limitations shou

 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;

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

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

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

6.1.9;

he layout information, the structural designer should verify the feasibility of perfornﬁing
1

be

eed
uld

bridge
bridge
bridge

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

cross-section variation along bridge length shall comply with 6.1.13.
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Actions (Loads)

General

This clause provides minimum load guides for the design of bridges according to this document. Loads

and

Loa

the appropriate load combinations should be used together.
ds and forces explicitly considered in bridge design according to this document are:

dead loads;

8.2

8.2

Briglge dead loads comprisé the total weight of the structure, calculated as the sum of the

all 4
dec

supported by thébridge like public utility services and ducts.

live loads (static and dynamic effects);
longitudinal forces;

earth pressure;

wind loads;

earthquake inertial forces; and
jacking and post-tensioning forces.

ds and forces implicitly considered are:
thermal forces;

shrinkage forces;

skew stress effects;

elastomeric bearings shear resistance; and

settlement of the ground.
Dead loads

1 General

tructural and nonsStructural elements, including substructure elements, superstructur
k surface, mediah/permanent or removable structures, sidewalks, railings, and all othg

2 Structural elements

weights of
b elements,
r elements

pum of their

dAoads due to structural elements, referred to as self- Welght may be calculated as the s
3

values for

normal concrete den51ty shall be accompamed by supportlng documents demonstratlng that the value

used does not reflect an average value, but rather a [95] percentile value for a normal distribution
record of representative field data.

8.2.

3 Non-structural elements

Dead loads due to non-structural elements may be calculated as the sum of their weights according to
the density of their constitutive materials or to those specified by the producer in their technical data.
Density values shown in Table 5 may be used for weight estimate.

©IS
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Table 5 — Density values for materials used in bridge construction

Material Dkegl}?:lgy
Steel [7900]
Timber [800]
Reinforced concrete [2 500]
Prestressed concrete [2 500]
Compacted filling soil [1900]
Toosefittingsotit [T 6001
Stone masonry [2700]
Concrete masonry [2300]
Clay masonry [1400]
Asphalt [1800]

8.3 Live|loads

8.3.1 Gejneral

Bridge live|loads comprise the weights of all loads that might be appliédjto the superstructure according
to the bridge use. Vehicular live loading on the roadways of bridges shall consist of a combinatiop of
design tru¢k and design lane load.

Each design lane shall be occupied by design truck coincident with the lane load. The loads shall be
assumed t¢ occupy 3 000 mm transversely within a design lane.

8.3.2 Design truck

The weights and spacing of axles and wheels far the design truck shall be as specified in Figure #. A
dynamic lgad allowance shall be considered:"The spacing between the two 145 000 N axles shall be
varied betyveen 4 300 and 9 000 mm to produce extreme force effects.

(=l

35.000'N 145000 N 145000 N

4 300 mm
4 300 mm 9000 mm 1800 mm

Figure 4 — Characteristics of design truck

8.3.3 Design lane load

The design lane load shall consist of a load of 9,3 N/mm uniformly distributed in the longitudinal
direction. Transversely, the design lane load shall be assumed to be uniformly distributed over a
3 000 mm width. The force effects from the design lane load shall not be subject to a dynamic load
allowance.
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8.3.4 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 5 according to the loaded area as
to produce the most unfavourable effect on each element.

— for shear design, always increase the live load by 1,3;
— for slab and superstructure joints design, increase the live load by 1,2;

— forlocal analysis (joists, slabs, etc.), increase the live load by 1,2; and

— |pedestrian live loads need not be increased.

Y
1,35

1,3

1,25

1,15 ~~1

1,1

Key
X |loaded length, m
Y [live load dynamic effect factor

Figure 5 — Live load dynamic effect factor

8.4 Longitudinal forces

Axijal loads'and moments due to traffic should also be considered as applied longitudinally, pnd within
the [plane of the deck, on the superstructure, without the dynamic effect increase. Axial loadf should be

Only superstructure axial loads are transmitted to the substructure.

8.5 Earth pressure

Forces due to earth pressure acting on abutments, or on retaining walls that are part of the bridge
substructure, should be calculated and applied adequately to substructure elements.

Earth pressure should not be taken as less than an equivalent fluid weight of [5] KN/m3.
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8.6 Wind loads

Wind loads on bridges complying with the limitation set forth in 6.1 do not control the structure’s
design and need not be taken into account except in regions prone to hurricane, cyclone or typhoon

winds, where a wind load case needs to be taken into account as per Table 6.

Table 6 — Wind loads for hurricane, cyclone or typhoon prone areas

8.7 Eart

8.7.1 Ge|

Inertial for
to ground

at the site ¢f the bridge.

The correq
building m
Table 5 ma|

For bridgep

substructu
structure t

8.7.2 Se

Alevel of s
ground hot

the median spectral acceleration for one degree of freedom systems, with short periods of struct

vibration,

acceleration of gravity, g,facceleration of gravity may be taken as 9,81 m/s?).

The values
code defin

[y also be used to determine bridge masses.

Load condition Load direction kLl\? /5::112
Loadonstruetred Fransverse 251
Longitudinal [0,6]
Load on live load? Transverse [1,5]
Longitudinal [0,4]
a2 Bothlongitudinal and transverse loads should be applied simultaneously.

hquake inertial forces

neral

ces due to earthquakes depend on the mass of the structure'and on the structural respa
hcceleration which, in turn is a function of the seismic hazard and of the soil characterid

ponding national standard can provide requirements for calculating the mass of br
aterials. When no national standard is available)the requirements of ISO 9194 may be u

designed according to this document~an equivalent lateral force applied directly to
re and superstructure elements maybé employed to represent the dynamic response of
o the ground acceleration.

smic hazard

bismic hazard should bedefined for the bridge in terms of the intensity of the effective p
izontal acceleration inyrock at the structure site. The peak rock acceleration is calculate

.e,, periods not éxceeding 0,15 s, denoted as A,, and usually expressed as a fraction of]

nse
tics

dge
ced.

the
the

eak
H as
iral
the

for A, camPe taken from the applicable corresponding national standard. When the nati
s the maximum seismic ground motion for each considered site based on spectral respa

nal
nse

accelerations at 5% of critical damping, S, A, may be estimated as the value of S, for a period of 0,15 s,

divided by
each consi

375 (A, S / 375) When the natlonal code defmes the maximum seismic ground motlor

for

no national code exists for the 51te of the brldge being con51dered A may be estlmated from the seismic
hazard maps shown in Figure 6.

8.7.3 No seismic hazard zones:

A zone of the world where the value of the peak rock acceleration, A

» expressed as a fraction of

the

acceleration of gravity, is estimated as less or equal to [0,05], may be deemed as a no seismic hazard

zone.

24
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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
an intermediate seismic hazard zone.

8 7 O - = 1 3
. 11 STISIIIIU IIdZdIU LZUIITS.

A zgne where the estimated value of A, exceeds [0,2] may be deemed as a high seismic }@r Zone.

b) Central America and the Caribbean

© IS0 2021 - All rights reserved 25


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

@ . South America
o 9
O
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g) Ocean@
0 0,5 1 - 2
"
“ o 0,05 01 & 0,2
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Key \O
seismic hazard . C\)j“
N
none C)

low .
intermediate O®
high C)

Ul s W N

%\ Figure 6 — Global seismic hazard map

S

8.7]7 Soi Y}ile types
Based e type of soil present at the bridge site, the soil profile shall be classified as|one of the
foll )@%:

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

— soil profile Sg: rock with moderate fracturing and weathering with a measured shear wave velocity
in the range (1 500 m/s 2 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,
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);
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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

following characteristics are beyond the scope of this document:

qu
pe

ick and highly sensitive clays, collapsible weakly cemented soil;

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

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

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

ve
th

SO

Soil explor
with these

8.7.8 Sit

Site effects
of the site
A,, and the

Site effect
National st

'y high plasticity clays (PI > 75), where PI means plasticity index, with more than-8\
ckness; and

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

htion to obtain the needed values to classify shall always be conducted by a\d€signer fam
processes.

e effects

shall be described through the site coefficient for short perpiods of vibration, F,. The va
oefficient for short periods of vibration, F,,
soil profile type from 8.7.7. Linear interpolation can be iised between values of A, in Tab!

andards or other applicable standards can provideequirements for designs.

Table 7 — Site coéfficient, F,

h of

liar

ues

F_, shall be determiined from Table 7 as a function of

e 7.

bf seismically vulnerable soils, as described in 8.7.7,"are beyond the scope of this documfent.

Soil profile Site coefficient; ¥}, for short periods of vibration
A,<[0,1] [0,1] <A, <[02}| [0,2] <A,<[0,3] | [0,3] <A, <[0,4] | [0,4] <A, <[0}5]
Sa [0,80] [0,80] [0,80] [0,80] [0,80]
Sg [1,00] [1,00] [1,00] [1,00] [1,00]
S¢ [1,20] {1,20] [1,10] [1,00] [1,00]
Sp [1,60] [1,40] [1,20] [1,10] [1,00]
Sg [2,50] [2,70] [1,20] [0,90] [0,90]
NOTE The yalues for 0,4 < 4, <0;5 tan approximately be applied to the case of 4,2 0,5.

8.7.9 De

sign response spectral ordinates

For bridge;s

to fall witl‘1in the'range of short periods for which response to ground motion is constant.

complying with the limitations set forth in 6.1, natural periods of vibration may be assumed

The ordina

S5

tes of the elastic design response spectrum, 5,

for a damping ratio ot 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 (5):

S, =2,

30

5A4,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 (6):

S
w :ng a

(6)

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

my is the total mass of the bridge thatis not directly absorbed by the supports,including alf structural
elements, intermediate walls, piers, columns, etc., excluding footings‘and abutmentg;

. is the design spectrum ordinate.

Thip distribution is considered as uniformly distributed load, as, simple as it is possibl¢, from the
vieypoint of simplified design because the distribution of lateral forces has a little effect on|the inertia
forde of substructure.

8.7]11 Fundamental mode shape

For|bridges complying with the limitations set forth.th 6.1, dynamic response may be assimed to be
dominated by the fundamental mode characteristics: The fundamental mode shape for eacl one of the
poskible cases of one, two or three spans, is shown in Figure 7.

Key

1 onespan

2 two spans
3  three spans

Figure 7 — Fundamental mode shape

The fundamental shape for each case and for each span is described by a function u(x), as per Table 8.
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Table 8 — Unitary deformation distribution

Number of spans Span u(x)
2
1 Single span 16°(20x 17 - %)
L
2 4 4
IyH I L
First span 16X—4(2LX—L2—XZ)+D_5X P -
2 L L L |\ IpH
2 4 4
IpH* (L- ]( IpL \
Second span 16X—(2LX—L2—X2\+ pH(L=x) P
| L4- \ 7 Ipr JKIDHZI- J
2 4 4
IZH L
First span 16X—(2LX—L2 —x% )+D_5X P
A Y
2 4 4 4
ILhH IZyH” (L+x L
3 Second span 16X—4(2LX—L2—XZ)+ D 5X+ D (5 1 Ip '
L L IpL IpL InH
i 2 4 4
IZyH” (L#=x IL
Third span 16X—(2Lx—L2—x2)+ D (5 H| Lo
A I IoH*

where

H is the largest height of the bridge supports in metres;

I, isthe second moment of area of the deck section inum¥/for bending within its plane, due to Hori-
zoptal forces;

I, isthe second moment of area of the wall, framéor pier, in m#, for bending due to horizontal forces;

L  isthe span’s length in metres;

x is pny point along the considered span.
8.7.12 Lateral equivalent design forces
The equivglent lateral force, wgyapplied directly to the substructure and superstructure elemdnts,
employed to represent the dgnamic response of the structure to the ground acceleration, should be
determine¢l using FormulaCA):

We =W U(X) (7)
where

u(x) is thefunction anrrihing the fundamental maode chapn’ as cpnri{:iod ing8711

Ws

8.8 Jacking and post-tensioning forces

8.8.1 Jacking forces

is a uniformly distributed load caused by the seismic ground motions, as specified in 8.7.10;

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.

32
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The design force for post-tensioning anchorage zones shall be taken as 1,2 times the maximum jacking
force.

8.9

8.9.1 Seasonal variation

Thermal effects

a) For the purpose of design of a structure, the minimum and maximum overall temperatures for the

b)

8.9

Coe

8.9

Pos
acc

8.1

8.1

All
sim|
am

location shdll be taKen Irom l1ocdl datd.

The temperature setting variations for bearings and expansion joints shall be stated‘on

plans.

2 Thermal coefficient

the bridge

fficient of thermal expansion of concrete used to determine temperatupe effects shall e taken as
[1,0]x10-5> m/m/°C unless more precise data is available.

3 Differential temperature

tive and negative differential temperature gradient im)superstructure should be cor

rdance with References [19], [20] or [24] unless local data is available.

0 Load combinations

D.1 Ultimate loads

elements of the superstructure, the substructure and the foundation should be desig
Itaneous application of various groups of the loads and forces specified in 8.2 to 8.9, i
lification factors, 4, depending en:the loads being combined in each group, as per Table 9.

Table 9 — Eead amplification factors and load combinations

sidered in

I:llced for the

reased by

Group Amplification factor, 4
Dead loads— | Live loads, including | Longitudinal | Earth pressure Earthquake
dynamic effects forces inertjal 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] [1.9] [0] [0] [0]
5 [1] [0] [0] [1,5] [0]
6 [1,2] [0] [0] [1,5] [1]
7 [1] [0] [0] [0] (1]
8 [1] [1,3] [0] [0] (1]
9 [09] [0] [0] [0] [1]

8.10.2 Service loads

For service loads the same load combinations shown in Table 9 should be used, except all factors for
other than earthquake forces should be taken as 1. Earthquake loads factors should be taken as 0,75.
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9 Structural analysis
9.1 General

9.1.1 B-region and D-region

In general, strain varies linearly through the depth of a member and that, as a result, plane sections
remain plane. The strut-and-tie model should be considered for the design of deep footings and pile
caps or other situations in which the distance between the centres of applied load and the supporting
reactions is less than about twice the member thickness.

9.1.2 Elgstic behaviour

For the purpose of analysis, structural materials shall be considered to behave linearly up te an elgstic
limit and inpelastically thereafter.

9.1.3 Small deflection theory
If the defofmation of the structure does not result in a significant change. i) force effects due tg an

increase ip the eccentricity of compressive or tensile forces, such secondary force effects may be
ignored.

9.1.4 Serondary moments

The effect|of secondary moments due to prestressing shall be' included in stress calculations at|the
service limlit state. At the strength limit state, the secondary.force effects induced by prestressing, with
aload factgr of 1,0, shall be added algebraically to other applicable factored loads.

9.1.5 Time-dependent properties of concrete

In general,|force effects due to changes in timerdependent properties, such as creep and shrinkage of
concrete, shall be accounted for serviceability:limit state design.

9.1.6 Gepmetric imperfections

The unfavourable effects of possible deviations in the geometry of the structure and the positioh of
loads shall[be taken into accountin the analysis of members and structures.

9.1.7 Frame analysis

In general,|plane frame analysis shall be allowed for structural analysis.

9.2 Longitadinal analysis

The structural system shall be analyzed for redistribution of construction-stage force effects due to
internal deformations and changes in support and restraint conditions, including accumulated locked-
in force effects resulting from the construction process.

Joints in segmental girders made continuous by unbonded post-tensioning steel shall be investigated
for the simultaneous effect of axial force, moment, and shear that may occur at the joint. These force
effects, the opening of the joint, and the remaining contact surface between the components shall be
determined by global consideration of strain and deformation. Shear shall be assumed to be transmitted
through the contact area only.
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Transverse analysis

The cross-section of a concrete box girder bridge is designed to resist bending moments acting
transverse to the longitudinal direction of the bridge span. Transverse analyses are performed to
evaluate transverse bending moments resulting from both permanent and live loads. The magnitude
and distribution of transverse bending moments due to permanent and live loads vary along the
length of a span as a function of the deflection behaviour of the box girder. Within the span, general
longitudinal deflections reduce maximum transverse moments as they are distributed along a greater
portion of the span. There are three levels of analysis for determining transverse design moments.

9.311

Thi
for

ren|
con

9.3

Thi
per

anallysis of a unit width of transverse cross-section and then by dividing these force and momn

by t

Figlire 8 a) shows a perspective of a span with the cross*section under consideration. A tyj

sect
cro

a)

I —n— 1 n ) o |
p g LIIpIricdr micuivu

5 method, presented in Article 9.7 of References [19] and [20], presents required topslab

einforcing

bridges meeting the criteria of Article 9.7.2.4 [191 [20], No guidance for reinforcing or fj;ces in the

ainder of the cross-section is presented. The use of this method of analysis is notrecom
crete box girders presented in this document.

2 Approximate method

5 method presents an approximate method of analysis, where, the/deck is subdivided
pendicular to the supporting elements (webs). Internal forces-are determined first by

he width of the strip to determine the forces per metre along the superstructure.

ion with a unit length is identified in the span for a*‘two-dimensional analysis in the p
bs-section. The extracted typical section for analysis is shown in Figure 8 b).

& —

Typieal cross-section defined at mid-span b) One metre section of typical cros

ended for

into strips
structural
ent results

bical cross-
lane of the

5-section

Figure 6 — Transverse strip for approximate design method

The typical cross-section is modelled using beam elements in a general two-dimensional structural
analysis program. Figure 9 shows the transition from typical cross-section, to idealized beam members,

toa

©IS

node and element layout for a typical analysis model.

L

a) Typical cross-section
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b) Idealized members
6 7 8 9

1 2 345 . 10 11
14; ;20

12 13

- 16 17 18

c) Computer model

Figure 9 — Development of two-dimensional transverse meodel

9.3.2.1 Analysis for uniformly repeating loads

Transversd¢ bending moments for loads that repeat uniformly along€hée’span can be determined direfctly
from the tyo-dimensional analysis mode.

9.3.2.2 Analysis for concentrated live loads

Transvers¢ bending moments resulting from the application of concentrated loads in the span|are
determinedl in a three-step process:

a) detergﬁjine maximum transverse bending mioments at critical sections of the cantilever wing and
top slap considering these members as separate three dimensional, fixed-end slab structures;

b) use the two-dimensional model todistribute "fixed-end" slab moments around the cross-section
modeljand

c) sum the fixed-end moments.andredistributed moments to determine live load moments for desfign;

The fixed-¢nd slab structures.are typically analysed using influence surfaces such as those by Homljerg
[25] and Pugher [28], Influen¢e’surface is adequate for deck transverse design.

9.3.3 Refined method

Prestressed coricrete box girder bridges are complex spatial structures, and their behaviour can be

only roughly-approximated using frame structural analysis program. This type of analysis can give
an indicat' nof thao lonagitiadinal Dictalation ~AF +o4a]l vwancdinie dndbnal +o4a] cbrnoo acoa lEantc qnd

T UT CHOCTTUTTSTCO T ISt T U CIUTT UT cOTOT T COTTIUTTS, T ior cOtar St ooy L CSUTItalIrtsS;

centreline deflections, but cannot provide any information on the transverse distribution of these
quantities or the internal forces in the individual plate type elements making up the cellular cross-
section.

Many computer programs are available for bridge analysis. Various methods of analysis, ranging from
simple formulae to detailed finite element procedure, are implemented in such programs.

Two representative methods of analysis make it possible to perform detailed linear elastic analyses of
a wide range of prestressed concrete box girder bridges in an expeditious and accurate manner with a
minimum of simplifying assumptions. Folded plate method is used for the analysis of straight prismatic
bridges, whereas finite strip method is for the analyses of circularly curved prismatic bridges.
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Typical aspects of the prestressing analysis (tendon profile definitions, computation of short-term
prestress losses due to friction and anchorage slip, and computation of equivalent loads on the
structure) are common to the programs by two methods.

When using a computer program, the designer should clearly understand the basic assumptions of the
program and the methodology that is implemented. A computer program is only a tool, and the user is
responsible for the generated results. Accordingly, all output should be verified to the possible extent.

Another typical approach is to use three-dimensional finite element method with sufficient load cases
to generate an envelope of transverse design moments. Most often, however, the practicality of detailing
and constructing superstructures with uniform reinforcing and post-tensioning details typically

ove

10

10.

Thi
thid
lim
Thd
10.

10.

Top|

Tra

rrides small quantity savings that the refined methods can offer.

Design requirements

1 General

5 clause contains the provisions that are common to the structural-eoricrete elements

ts on the amount of reinforcement and prestressing steel, and bdsic dimension criteria of]

designer shall comply with the additional requirements of-tlis document.
2 Box girder cross-section dimensions and details

2.1 Minimum flange thickness
and bottom flange thickness shall not be less/than any of the following:

1/30 the clear span between webs orhaunches. A lesser dimension requires transver
spacing equal to the clear span betyeen webs or haunches; and

top flange thickness shall not be less than 225 mm in anchorage zones where trans
tensioning is used and 200 mm*beyond anchorage zones or for pretensioned slabs.

hsverse post-tensioning~0r’ pretensioning shall be used where the clear span betwee

covered by

document. They include provisions for materials, concrete cover, of reinforcement, dletails and

box girder.

be ribs at a

yerse post-

n webs or

haunches is 4 500 mm or-larger. Strands used for transverse pretensioning shall be 12,7 min diameter

orl

10.
The

ESS.

P.2 Minimumweb thickness
following minimum values shall apply, except as specified in this document:

webs@ith no longitudinal or vertical post-tensioning tendons: 200 mm;

TOTgTeooo (O v e creot CeTT O TOTT St OO OO O O U T It ot It

webs with both longitudinal and vertical tendons: 375 mm.

The minimum thickness of ribbed webs may be taken as 175 mm.

10.2.3 Length of top flange cantilever

The cantilever length of the top flange measured from the centreline of the web should preferably not
exceed 0,45 the interior span of the top flange measured between the centreline of the webs as shown

in Figure 10.
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l.< 0,451,

I_\

tw= 200 mm~

>300 mm—4
> 375 mm

~5

/_I

tft 2 (1/30)Iw0
>225mm—1
> 200 mm\2

anchorjge zone

Ul s W N =

beyond|anchorage zone
webs wjith no longitudinal or vertical post-tensioning tendons
webs wjith only longitudinal (or vertical) post-tensioning tendons

webs wjith both longitudinal and vertical tendons

te, = (1/30)1,

Figure 10 — Cross-section dimensions

10.2.4 Overall cross-section dimensions

Overall ditnensions of the box girder cross-section should preferably not be less than those required
to limit live load plus impact deflection calculated using the gross section moment of inertia and|the
secant modulus of elasticity to 1/1 000 of the spani.The live loading shall consist of all traffic lanes flully
loaded and|adjusted for the number of loaded lanes. The live loading shall be considered to be uniforjmly
distributed to all longitudinal flexural members.

10.2.5 Lopgitudinal slope

— Flangdtransitions in thickness.shall be made on a slope no greater than 1:5 as shown in Figure|11.

— Changesin girder web thicKness shall be tapered for a minimum distance of 12,0 times the differgnce

in weblthickness.

e —— —

[

7

1

g

Key
1 section A-A

2 slope no greater than 1:5

38

Figure 11 — Flange transitions in thickness
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3 Materials for structural concrete

10.3.1 General

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

10.3.2 Cement

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

10.

Agg

8.3 Aggregates

regates should conform to ISO 20290-2, ISO 20290-3, or corresponding (national

stapdards.

10.

Wat
alk:
sho

10.

10.

Sted
ISO
reir

10.

Thd
reir

8.4 Water

er used in mixing concrete should be potable, clean and free fronrinjurious amounts of
lis, salts, organic materials, or other substances deleterious ¢o~concrete or reinforce
1ld conform to the applicable ISO standards, or corresponding hational mixing water sta

8.5 Steel reinforcement

8.5.1 General

] reinforcement should conform to the following limitations and comply with the cor}
standards, especially ISO 10144. Welded-wire fabric (mesh wire) should be considered
forcement according to this document.

8.5.2 Deformed reinforcement

maximum specified yield strength for deformed reinforcement should be 500 MPa.

stamdard. ISO 6935-2 covers\grades RB 300, RB 400, and RB 500 (300 MPa, 400 MPa an

cha
40)
to 3

10.

Facteristic upper yield stress, respectively) and nominal diameters of (6, 8, 10, 12, 16, 20,
mm, although under'this document the nominal diameter of deformed reinforcement bar
2 mm (see 10.3.31)

8.5.3 Welded-wire fabric

Thd
We
sta

maximum specified yield strength for wires being part of welded-wire fabric should b
edswire fabric should conform to ISO 6935-3 or corresponding national welded-v

d
41dard. In this document, the nominal diameter of wire for welded-wire fabric is limited

aggregate

oils, acids,
bment, and
Indard.

‘esponding
deformed

Deformed

forcing bars should conform®to ISO 6935-2 or corresponding national deformed reipforcement

] 500 MPa
25,32, and
s is limited

b 400 MPa.
vire fabric
to 10 mm

(see 103117

10.3.5.4 Plain reinforcement

Plain reinforcement should be permitted only for stirrups, ties, spirals, and when it is part of a welded-
wire fabric. The maximum specified yield strength for plain reinforcement should be 300 MPa. Plain
reinforcing bars should conform to ISO 6935-1 or corresponding national plain reinforcement standard.
ISO 6935-1 covers grades PB 240 and PB 300 (240 MPa and 300 MPa characteristic upper yield stress,
respectively) and nominal diameters of 6 mm, 8 mm, 10 mm, 12 mm, 16 mm and 20 mm, although in
this document the nominal diameter of plain reinforcement bars is limited to 16 mm (see 10.3.11).
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10.3.6 Prestressing steel

Tensile and yield strengths for prestressing steel may be taken as specified in Table 10. 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 this 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.

Dﬂllls >

Tahla 10
1TduUlic 1V

r's adandlban
I Al A1t Udaix

D arntiac of o r's
TToOpCTatsSoTrprosatT

Materfial Type Diameter Tensile strength, f;,,, | Yield strength, f,,
mm MPa MPa
Strand 7 wire
1720 MPa 9,3to 15,2 1720 1410
1860 MPa 9,5t0 15,2 1860 1520
Bar Plain
20 to 36 1030 835
Deformed
10.3.7 Popt-tensioning anchorages and couplers
10.3.7.1 (eneral
All anchordges and couplers shall develop atleast 96 % of the@ctual ultimate strength of the prestresging

steel, when tested in an unbonded state, without exceeding anticipated set. The coupling of tendons
shall not r¢duce the elongation at rupture below the r&quirements of the tendon itself. Couplers and/

or coupler ts.
Corrosion

Special an
Special shd

The accept
and [20] a

romponents shall be enclosed in housingstong enough to permit the necessary movemerj
brotection shall be provided for tenddns, anchorages, end fittings and couplers.

horage device shall be verified\by acceptance tests presented in References [19] and ||
ped anchorage can be used by approval of a chief engineer.

ance tests conforming to EAD 160004-00-0301 are considered equivalent to References
\d are accepted as ap-alternative method considering the adapted criteria, i.e. 95 % of

20].

[19]
the

actual ulti
load.

mate strength of the,prestressing steel and at least 2,0 % of total elongation at maxinjum

10.3.7.2 Bonded systems

Bond trangfer lengths between anchorages and the zone where full prestressing force is required urjder
service and ultimate loads shall be sufficient to develop the minimum specified ultimate strength of{the
prestressing-steel. When anchorages or couplers are located at critical sections under ultimate loadjthe
ultimate strength required of the bonded tendons shall not exceed the ultimate capacity of the tendon

assembly, including the anchorage or coupler, tested in an unbonded state.

Housings shall be designed so that complete grouting of all the coupler components is accomplished
during grouting of tendons.

10.3.7.3 Unbonded systems

For unbonded tendons, two dynamic tests shall be performed on a representative anchorage and
coupler specimen and the tendon shall withstand, without failure, 500 000 cycles from 60 % to 66 % 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

40 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

multiple strands, wires or bars may be tested utilizing 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.

All the coupling components shall be completely protected with a coating material prior to final
encpsement in concrete.

10.83.8 Ducts

10.8.8.1 General

Dud
sha

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

]l be formed in the concrete with removable cores.

Thd
whg

radius of curvature of tendon ducts shall not be less than 6 000<mm, except in the anchd
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.

Wh teristics of

polj

bre polyethylene ducts are used and the tendons afé.to be bonded, the bonding charac

rethylene ducts to the concrete and the grout should be investigated.
ated.

The effects of grouting pressure on the ducts andthe surrounding concrete shall be investig

Poly
be

ten
pos

10.

The
strg
leas
by {
stegq

The

10.

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

B.8.2 Size of ducts

inside diameter of ducts’shall be at least 6 mm larger than the nominal diameter of si
nd tendons. For multiple bar or strand tendons, the inside cross-sectional area of the duc
t 2,0 times the net\area of the prestressing steel with one exception where tendons are t
he pull-throughymethod, the duct area shall be at least 2,5 times the net area of the p
1.

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

B.9- Admixtures

hnges shall
dinal post-
ngitudinal

hgle bar or
[ shall be at
b be placed
festressing

Admixtures should conform to the applicable ISO standards, or corresponding national admixtures
standard.

10.3.10Storage of materials

Cement and aggregates should be stored in such a manner as to prevent deterioration and intrusion
of foreign matter. Any material that has deteriorated or has been contaminated should not be used for
concrete.
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10.3.11Minimum 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 11.

Table 11 — Minimum and maximum reinforcing bar diameters

Reinforcement Minimum bar diameter, d, | Maximum bar diameter, d},

mm mm
Deformed reinfereingbars{see48-3-5-23 4 324
Prestressirlg steel - wire (see 10.3.6) [9,3] for 1 720 MPa strand

[9,5] for 1 860 MPa strand [1>2]

Prestressirlg steel - bar (see 10.3.6) [20] [36]
Wire for w¢lded-wire fabric (see 10.3.5.3) [4] [10]
For stirrupp and ties [6] [16]
Plain reinfgrcing bars (see 10.3.5.4) [6] [16]
For non-seilsmic areas [4] [32]
10.4 Con¢rete mixture proportioning
10.4.1 Gepneral

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

frequency pf strengths below f_. The requirements for f_.should be based on 28-day age tests on ppirs

of cylinderp made and tested according to ISO 1920 [3]. Fhe proportions of material for concrete shall be
established to provide:

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

b) resistdnce to special exposures; ahd

c) conformance with strength testrequirements.

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

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

10.4.2 Durability requirements

10.4.2.1 (enéeral

To obtain amappropriate durabitity of the comcrete, a mimmimmumT amoutt of temrent stattbeprovided by

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

10.4.2.2 Calculation of the water-binder ratio

The water-binder ratios shall be calculated using the weight of water in kg/m3 of concrete divided by
the binder used in the mixture in kg/m3 of concrete. The use of fly ash, pozzolans, slag, and silica fume

is beyond t

42

he scope of this document and, if used, should be in accordance with I1SO 22904 [27],
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10.4.2.3 Freezing and thawing exposures

Concrete exposed to freezing and thawing or deicing 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 %.

10.4.2.4 Requirements for special exposure conditions

Concrete maximum water-binder ratios and minimum specified compressive strength should comply
with specification of Table 12, according to conditions of exposure.

Table 12 — Requirements for special exposure conditions

Maximum water-binder |, Mijimum f_

Exposure condition ratio by weight MPa
Corjcrete intended to have low permeability when exposed to 05 28
water )
Corjcrete exposed to freezing and thawing in a moist condition 0745 31,5

or flo deicing chemicals

For]{corrosion protection of reinforcement in concrete exposed
to dhlorides from deicing chemicals, salt, salt water, brackish 0,4 35
water, seawater, or spray from these sources

10.4.2.5 Sulfate exposures

When water soluble sulfate (SO,) is present in soil-and has a concentration greater than|0,10 % by
weight or is present in water with more than 0,015°% (150 ppm), concrete exposed to thg¢se sulfate-
confaining solutions or soils shall have a water-binder ratio less than or equal to 0,45 by wgight and a
mirfimum compressive strength, f., of 31 MPa.,*Calcium chloride as an admixture shall not|be used in

confrete exposed to sulfates.

10.4.2.6 Chloride-ion exposure

For| corrosion protection of ‘reinforcement in concrete, maximum water-soluble chloride-ion
confentrations in hardened Concrete at ages from 28 to 42 days contributed from the ingredients
including water, aggregates, cement, and admixtures shall not exceed the limits of Table 13.

Table 13 — 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
Reipforcedconcrete that will be dry or protected from 1

mojsture in service

Other reinforced concrete construction 0,5

10.4.3 Required average compressive strength

Required average compressive strength, f., for concrete shall be 10,5 MPa greater than the specified
concrete compressive strength, f.".

10.4.4 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 10.4.2 and the slump requirements from Table 14, and that encompass the
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required average strength, f_.". The trial mixtures shall be designed to produce slumps within +20 mm

of the maximum permitted.

Table 14 — Slumps for various types of construction

Slump, mm
Member . ..
Maximum | Minimum

Reinforced foundation walls, columns and footings 150 50
Plain footings, caissons, and substructure walls and columns 150 50
Beamsandreinforeed-wals 236 80
Columns 210 80
Slabs 150 50
Pavements 75 25
Mass concrete 120 50

10.5 Con¢rete cover of reinforcement

10.5.1 Mipimum concrete cover

The follow|ng minimum concrete cover should be provided for unprotected prestressing and reinfor¢ing
steel, even|in non-seismic areas (see Figures 12 to 15).

70 mm

70 mn

Figure 12 — All types of reinforcement of elements cast and permanently exposed to earthjor
water (Minimum concrete cover: 70 mm)

\ 50 mm

50 mm |#

Figure 13 — All types of reinforcement of elements exposed to weather (Minimum concrete
cover: 50 mm)
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Figure 15 — All types of reinforcement of solid slabs, structural concrete walls or joi

Covier for metal ducts for post-tensioned tendons shall#ot be less than:

10.

Profection against chloride-induced corrosion may be provided by epoxy coating or galy
reinjforcing steel, post-tensioping duct, and anchorage hardware and by epoxy coating of p

str

10.
1S0[28842 shall apply.

10.
[S0|28842 shall apply.

IS0 21725-2:2021(E)

40 mm

40 mm

li'igure 14 — All types of reinforcement of girders, beams, or columns, when not exp
weather or in contact with ground (Minimum concrete cover: 40 mm)

30 mm

e o o ¢ @

30 mm

not exposed to weather or in contact with ground (Minimum concrete cover: 30

that specified for reinforcement; and

one-half the diameter of the duct.

6.2 Special corrosion protectioxn

dnd. This type of protectionis beyond the scope of this document.

6 Minimum reinforcement bend diameter

7 Standard hook dimensions

osed to

5ts, when
mm)

Fanizing of
restressing

10.8 Bar spacing and maximum aggregate size

10

.8.1 General

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

int

10

errelated as follows:

.8.2 Maximum nominal coarse aggregate size

Maximum nominal coarse aggregate size (see Figure 16) should not be larger than:

1/5 of the narrowest dimension between sides of forms; nor
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— 1/3 of the depth of slabs; nor

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

<3s./4
| St |
|_
< s¢/5 % + o
©
I N
[ I I I ] 1<
2 S
v &

Figure 16 — Maximum nominal coarse aggregate size

10.8.3 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@nm (see Figure 17). This docunjent
should applly also for the spacing between parallel stirrups or ties.

10.8.4 Mipimum clear spacing between parallel layers of reinforcement

In girders,|beams and joists, where parallel reinforcement is placed in two or more layers, bars in|the
upper layer should be placed directly above bars in the'bottom layer with clear distance between layers
not less than 25 mm (see Figure 17).

£
S
n
7 N\ N
7 3 oo e e | -
- ® © 6 O
S
Q
® 60 ¢ A
o0 0 ¢ \ %
dp|Sc| [Sc| |Se S¢2 2,50,
e e S.2 25 mm

Figure 17 — Minimum clear spacing between parallel bars in a layer, and clear distance
between parallel layers of reinforcement

10.8.5 Clear spacing between parallel lap splices

Clear distance limitation between bars should apply also to the clear distance between a contact lap
splice and adjacent splices or bars.
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10.8.6 Maximum flexural reinforcement spacing in solid slabs

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

s<2h
s<300 mm

Py

Figure 18 — Spacing between flexural reinforcementin’solid slabs

10.8.7 Maximum shrinkage and temperature reinforcement spacing in solid slabs

In slabs, shrinkage and temperature reinforcement should be'spaced no farther apart than fhree times
thelslab thickness, nor more than 300 mm (see Figure 19).

s<3h
s<300 mm

S
N
Figure 19 -~Spacing between shrinkage and temperature reinforcement in slgbs

10.8.8 Maximum reinforcement spacing in structural concrete walls

10.8.8.1. 'Vertical and horizontal reinforcement

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

Structural
placed in 1
reinforcem
third of the

s<3h
$< 300 mm

ped
(%)
(%)
Figure 20 — Spacing between reinforcement in structural concrete walls

[lumber of layers of reinforcement

wo layers parallel with faces of wall. Each layer should diave approximately half of
ent in that direction. The layers should be placed no less.than 30 mm nor more than
thickness of the wall from the surface of the wall. For extérior exposure, the exterior sur

layer should be placed no less than 50 mm, instead of 30 mm.

10.8.8.3 §

pecial details per element type

concrete walls more than 250 mm thick should have vertical afid horizontal reinforcement

the
hne-
face

The designper should comply with the additional reitfforcement detail required for each individlual

element ty
10.8.9 Mi

10.8.9.1 K

The distan|
the transfed
the maxim

pe.

nimum spacing of prestressing tendons and ducts

retensioning strand

ce between pretensioning Strands, including shielded ones, at each end of a member wi
r length, as specified inr 10.9.1.3, shall not be less than a clear distance taken as 1,33 ti

Table 15 — Centre-to-centre spacings

hm size of the aggregate nor less than the centre-to-centre distances specified in Table 1

hin
mes

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

44
11,1
10,8
9,5

38
9,3

If justified by performance tests of full-scale prototypes of the design, the clear distance between
strands at the end of a member may be decreased.

The minimum clear distance between groups of bundled strands shall not be less than 1,33 times the

maximum

48

size of the aggregate or 25 mm.
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Pretensioning strands in a member may be bundled to touch one another in an essentially vertical plane
at and between hold-down locations. Strands bundled in any manner, other than a vertical plane, shall

be li

mited to four strands per bundle.

10.8.9.2 Post-tensioning ducts not curved in the horizontal plane

Unless otherwise specified, the clear distance between straight post-tensioning ducts shall not
be less than 38 mm or 1,33 times the maximum size of the coarse aggregate. For precast segmental
construction when post-tensioning tendons extend through an epoxy joint between components, the
clear spacing between post-tensioning ducts shall not be less than the greater of the duct internal

: 'S 100
dlamCLCl Ul 1UVU 111111,

Dud
bet

For
dist
twa

plan.

Thd
maj

'¢
h

For
red

10.

The
spe

10.

Pret

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

groups of bundled ducts in construction other than segmental, the minimum clear

ance between adjacent bundles shall not be less than 100 mm. When groudps‘of ducts ar

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

minimum vertical clear distance between bundles shall not be.less than 38 mm or 1,3
imum size of coarse aggregate.

precast construction, the minimum clear horizontal distance between groups of du

iced to 75 mm.

B.9.3 Curved post-tensioning ducts

minimum clear distance between curved diucts shall be as required for tendon conf

B.10Maximum spacing of prestressing tendons in slabs

ensioning strands for precast slabs shall be spaced symmetrically and uniformly and {

farther apart than 1,5 times the total composite slab thickness or 450 mm.

Pos
con

10.

The
ten
tha
fro

i

L-tensioning tendons for-slabs shall not be farther apart, centre-to-centre, than 4,0 timg
posite minimum thigkness of the slab.

B.11 Couplers in-post-tensioning tendons

contract doeuments shall specify that not more than 50 % of the longitudinal post

lons be ¢oupled at one section and that the spacing between adjacent coupler locations b
h the ségment length or twice the segment depth. The void areas around couplers shall b

the'gross section area and second moment of area when computing stresses at the

s specified

horizontal
located in
horizontal

B times the

ts may be

nement as

cified in 13.1. The spacing for curved ductsshall not be less than that required for straight ducts.

hall not be

s the total

tensioning
b not closer
e deducted
time post-

tensiening force is applied.

10.9 Development length, lap splicing and anchorage of reinforcement

10.9.1 Development length

10.9.1.1 Reinforcing bars

ISO 28842 shall apply.

10.9.1.2 Welded-wire fabric

ISO 28842 shall apply.
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10.9.1.3 Prestressing strand

10.9.1.3.1

General

In determining the resistance of pretensioned concrete components in their end zones, the gradual
build-up of the strand force in the transfer and development lengths shall be taken into account.

The stress in the prestressing steel may be assumed to vary linearly from 0 at the point where bonding

commence

s to the effective stress after losses,fpe, at the end of the transfer length.

Between the end of the transfer length and the development length, the strand stress may be assumed

to increasq

For the pu
developme

The effectq

10.9.1.3.2

linearly, reaching the stress at nominal resistance, f,,, at the development length.

Fpose of this document, the transfer length may be taken as 60 strand diametens-and
nt length shall be taken as specified in 10.9.1.3.2.

of debonding shall be considered as specified in 10.9.1.3.3.

Bonded strand

the

Pretensionfing strand shall be bonded beyond the section required to deyelop f; for a developnjent

length, [y, i

Id ZK(

10.9.1.3.3

Where a p
precompre
shall be de

The numbygq
The numbg

The length|
of the total
strands, on

Debonded

h mm, where /; shall satisfy Formula (8):

D, 15 f,s =0,097 £ )dyy

for pretensioned members with a depth of less than or equal to 600 mm;

for pretensioned members with a depth greater than 600 mm.

Partially debonded strands

rtion or portions of a pretensioning strand are not bonded and where tension exists in
ssed tensile zone, the development length, measured from the end of the debonded z
fermined using Formula-(8)'with a value of x = 2,0.

r of partially debonded strands should not exceed 25 % of the total number of strands.
r of debonded strands in any horizontal row shall not exceed 40 % of the strands in that 1

of debonding.of any strand shall be such that all limit states are satisfied with considera
developédyresistance at any section being investigated. Not more than 40 % of the debon|
four strands, whichever is greater, shall have the debonding terminated at any section.

sttands shall be symmetrically distributed about the centreline of the member. Debon|

(8)

the
hne,

ow.

fion
ded

ded

lengths of
be equal.

Exterior st

- L 1 1 - 11 L 1 1 1 1. L 1 1
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rands in each horizontal row shall be fully bonded.

10.9.2 Lap splice dimensions

[SO 28842

50

shall apply.

1all
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10 Limits for longitudinal reinforcement

10.10.1General

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

of Tmmmﬁmmﬂm—kmrm
amg@unts permitted by 10.10.

10.

Rei
exp
reir
spe

Rei
or

For
dire

ex

(@)

wh

Wh
sect
exc

1 0.2Shrinkage and temperature reinforcement

(forcement for shrinkage and temperature stresses shall be provided near surfaces
psed to daily temperature changes and in structural mass concrete. Témperature and
forcement shall ensure that the total reinforcement on exposed surfaces is not less
cified herein.

(forcement for shrinkage and temperature may be in the formof bars, welded-wire rein
restressing tendons.

bars or welded-wire reinforcement, the area of reinforéement per mm, on each face 4
ction, shall satisfy Formula (9):

0,75bh
SSUT2(b+h) £,

ept that: 0,233 <A < 1,27

bre

A isthearea of reinforcement in each direction and each face (mm?2/mm);

b is the least width af gomponent section (mm);

fy is the specified minimum yield strength of reinforcement <520 MPa;

h is the leastthickness of component section (mm).

bre the least{dimension varies along the length of wall, footing, or other componen

ions should be examined to represent the average condition at each section. Spacin
bed thefollowing:

300'mm for walls and footings greater than 450 mm thick;

maximum

f concrete
shrinkage
than that

forcement,

nd in each

9

t, multiple
b shall not

300 mm for other component greater than 900 mm thick; and

for all other situations, 3 times the component thickness but not less than 450 mm.

For components 150 mm or less in thickness the minimum steel specified may be placed in a single
layer. Shrinkage and temperature steel shall not be required for:

end face of walls of buried footings 450 mm or less in thickness;
side faces of buried footings 900 mm or less in thickness; and

faces of all other components, with smaller dimension less than or equal to 450 mm.

© IS0 2021 - All rights reserved
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If prestressing tendons are used as steel for shrinkage and temperature reinforcement, the tendons
shall provide a minimum average compressive stress of 0,75 MPa on the gross concrete area through
which a crack plane may extend, based on the effective prestress after losses. Spacing of tendons should
not exceed either 1 800 mm or the distance specified in 10.8.8. Where the spacing is greater than
1 400 mm, bonded reinforcement shall be provided between tendons, for a distance equal to the tendon
spacing.

10.10.3Minimum area of tension flexural reinforcement

Minimum reinforcement provisions are intended to reduce the probability of brittle failure by providing

14 i £l 1o 1z i
fleXura] Ca Cl\,ll._)’ sl Cdlll uiidIil tric i Cl\'l\llls ITTUITICTIIL.

Appropriafe values for My,. and S, shall be used for any intermediate composite sections. Where|the
beam is depigned for the monolithic or non-composite section to resist all loads, S, shall be substityted
for S, in Formula (10) for the calculation of M.

Unless otherwise specified, at any section of a non-compression-controlled flexural component,|the
amount of| prestressed and non-prestressed tensile reinforcement shall be adequate to develdp a
factored flgxural resistance, M,, greater than or equal to the lesser of the following:

— 1,33 times the factored moment required by the applicable strength lead combination specified in
Table 9; and

— 1,2 tinpes the cracking moment, M, determined on the basis ofjelastic stress distribution and|the
modulpss of rupture, £, of the concrete, where M . may be taken as Formula (10):

S i
Mcr:gc(fr+fcpe)_Mdnc[Sc _1j 2 Scfr 10)

nc

where

T3

e

fepe i the compressive stress in concreterdue to effective prestress forces only (after allowan
or all prestress losses) at extreme-fibre of section where tensile stress is caused by extert
hally applied loads (MPa);

/- iis the modulus of rupture pf.concrete (MPa);

M. ik the cracking momept (N-mm);

My, ik the total unfactoréd dead load moment acting on the monolithic or non-composite sectjon
(N-mm);

S, the section modulus for the extreme fibre of the composite section where tensile stresyis
qaused.by externally applied loads (mm3); and

S, isthessection modulus for the extreme fibre of the monolithic or non-composite section

11 Stress limitations

11.1 Stress limitations for prestressing tendons
The tendon stress due to prestress or at the serviceability limit state shall not exceed the values:
— specified in Table 16; or

— recommended by the manufacturer of the tendons or anchorages.
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The tendon stress at the ultimate limit states shall not exceed the tensile strength limit specified in

Table 10.
Table 16 — Stress limits for prestressing tendons
Condition Tendon type
Stress-relieved strand | Low relaxation strand Deformed high-
and plain high- strength bars
strength bars
Pretensioning
Iminediately prior to transfer (foi) 0,70f,, 0,75/, —
At derviceability limit state after 0,80ley 0,80fpy 0,80)“py
all Josses (f,e)
Post-tensioning
Pripr to seating: short-term f,; may 0,90f,, 0,90f,, 0,90f,,
be allowed
At dnchorages and coupler immedi- 0,70fpu 0,70fpu 0,70fpu
ately after anchor set
Elsewhere along length of member 0,70fpu 0,74fpu 0,70fpu
awdy from anchorages and cou-
plefs immediately after anchor set
At derviceability limit state after 0,80fpy 0,80fpy 0,80)”py
losges (f,.)

11.2 Stress limitations for concrete

If pfrestressing to the girder is applied only efice, stress levels shall be checked when the girder is

preftressed and in service. If prestressing to the girder is applied in more than one step, the

chefk shall be added after the deck castingand the secondary prestressing.

11.2.1 For temporary stresses before losses-fully prestressed components

11.2.1.1 Compression stresses

Theg compressive stress limit for pretensioned and post-tensioned concrete components

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

11.2.1.2 Tension'stresses

The limits il Table 17 shall apply for tensile stresses.

pl‘PQfI‘PQQPd cnmpnnentc

Table 17 — Temporary tensile stress limits in prestressed concrete before lossest-fully

stress level

including

structed bridges

without bonded reinforcement

In areas with bonded reinforcement (reinforcing bars or
prestressing steel) sufficient to resist the tensile force in the
concrete computed assuming an uncracked section, where
reinforcement is proportioned using a stress of 0,5fy, not to
exceed 210 MPa.

Bridge type Location Stress limit
MPa
Other than seg- — Inprecompressed tensile zone without bonded reinforcement|N/A
mentally con- — In areas other than the precompressed tensile zone and| g 25 fi'<1,38

0,634/ f4'
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Table 17 (continued)

Bridge type Location Stress limit
MPa

Segmentally con-|Longitudinal stresses through joints in the precompressed tensile zone

structed bridges Joints with minimum bonded auxiliary reinforcement through | g 25 f.;' maximum

the joints, which is sufficient to carry the calculated tensile
force at a stress of O,5fy; with internal tendons or external
tendons

tension

— Joints without the minimum bonded auxiliary reinforcement|No tension

throuo hibaoiointc
H-64 tHEeJOHHtS

Transverse stresses through joints
— For any type of joint 0,25y/f.;"

Stresses in other areas

— For areas without bonded nonprestressed reinforcement No tension

— In areas with bonded reinforcement (reinforcing bars or| 50 fii'
prestressing steel) sufficient to resist the tensile force in the
concrete computed assuming an uncracked section, whete
reinforcement is proportioned using a stress of 0,5/, not\to
exceed 210 MPa.

Principal tensile stress at neutral axis in web

— All types of segmental concrete bridges with intérnal and/or| g 289 fy'
external tendons, unless the owner imposes other criteria for
critical structures

11.2.2 For stresses at serviceability limit state after lasses-fully prestressed components

11.2.2.1 (ompression stresses

The limits |n Table 18 shall apply.

Table 18 — Compressive stress limits in prestressed concrete at serviceability limit state after
losses-fully prestressed components

Location Stress limit
MPa

— In oth¢r than segmentally-constructed bridges due to the sum of effective 0,45./f."
prestress and permarfent loads ¢

— In segxentally constructed bridges due to the sum of effective prestress and 0,45./f."
permanent loads ¢

— Due to[the sumrof effective prestress, permanent loads, and transient loads as 0,60/f."
well a§ during shipping and handling

11.2.2.2 Tension stresses

The limits in Table 19 shall apply.
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Table 19 — 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 un-
mentally con- cracked sections
structed bridges

— For components with bonded prestressing tendons or|g 50 £
reinforcement that are subjected to not worse than moderate
corrosion conditions

=—For—comporents—witlr—bomded—prestressing —termdons —or 0,25V .
reinforcement that are subjected to severe corrosive
conditions

— For components with unbonded prestressing tendons NorténsSion

Sed

stricted bridges

mentally con-|Longitudinal stresses through joints in the precompressed tensile zone

Joints with minimum bonded auxiliary reinforcement through g 25./f. *
the joints sufficient to carry the calculated longitudinal teénsile
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 ptecempressed tensile| g 25 £
zone

Stresses in other areas
— For areas without bonded reinfer¢ement No tension

— In areas with bonded reinforcement sufficient to resist the| g 50 £
tensile force in the concreté@omputed assuming an uncracked
section, where reinforcement is proportioned using a stress of
0,5fy, not to exceed 210-MPa.

Principal tensile stres§ at neutral axis in web

— All types of segmental concrete bridges with internal and/or| 9,289 £
external tendons, unless the owner imposes other criteria for
critical-sfructures

12

12,

Valiies of préstress losses specified herein shall be applicable for specified concrete strer

105
stre

Loss of prestress

1 Total loss,of’prestress

MPa, Prestress losses in members constructed and prestressed in a single stage, reld
ssitnmediately before transfer, may be taken as per Formulae (11) and (12):

In

I : 1 1
IT'TLCIISIONCU ITITIITDCT S,

Afpr = Mpes +ApLr

In post-tensioned members:

©IS

Afpr =Apr +Afpa +AMpEs +AfpLr

02021 - All rights reserved
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12.2 Instantaneous losses

12.2.1 Anchorage set

The magnitude of the anchorage set shall be the greater of that required to control the stress in the
prestressing steel at transfer or that recommended by the manufacturer of the anchorage. 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 (13) can be used to obtain the anchorage set loss at anchorage, which is linearly reduced to 0

along the

Apr =

lset :V

12.2.2 Fri

12.2.2.1 H

For draped

12.2.2.2 H

Losses dug

Formula (1

Apr =

Losses dudg

Formula (1

Apr =

Values of K
in the cont
in Table 20

For tendon
changes ov

’ obtained ]‘\}7 Eormula (1 A\' from tho anrhnragn
Peotre ooy O et a s Ot e e Ot T

p~ps
p

E A Al

ction

retensioned construction

prestressing tendons, losses that may occur at the hold-down devices should be conside

ost-tensioned construction

to friction between the internal prestressifig tendons and duct wall may be taken as

5):

fpj (1 _e—(Kxﬂwz) )

to friction between the exterhal tendon across a single deviator pipe may be taken as
6):

fpj (1 _e—/.t(a+0,04) )

and u should be based on experimental data for the materials specified and shall be sh

Fact documentsyIn the absence of such data, a value within the ranges of K and u as speci
may be used:

s confined to a vertical plane, a shall be taken as the sum of the absolute values of ang
er length x.

13)

14)

red.

per

15)

per

16)

dPWn
fied

1lar

For tendons curved in three dimensions, the total tridimensional angular change a shall be obtained
by vectorially adding the total vertical angular change, «,, and the total horizontal angular change, a;,.
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Table 20 — Friction coefficients for post-tensioning tendons

12.

12.

The

The

12.

Thd
per

ngP

on ¢

For

or, for continuous construction, at the section of maximum moment.

For
the

12.

In

Type of steel Type of duct K u
/mm /rad
Wire or strand Rigid and semirigid galva- |[6,6 x 1077] [0,15~0,25]
nized metal sheathing
(Recommend-
ed value: 0,20)
Polyethylene [6,6 x 107] [0,23]
Rigid steel pipe deviators [6,6 x 107] [0,25]
for external tendons
High-strength Galvanized metal sheathing |[6,6 x 1077] [0,30]
bars

P.3 Elastic shortening

P.3.1 Pretensioned members

loss due to elastic shortening in pretensioned members shall be taken'as per Formula (1]
Ep
AprS = E fcgp
ct

total elastic loss or gain may be taken as the sum of the.effects of prestress and applied

p.3.2 Post-tensioned members

loss due to elastic shortening in post-tensioped members, other than slab systems, may

Formula (18):

N-1E,

AprS :W?fcgp
ci

values may be calculated using a steel stress reduced below the initial value by a margin,
lastic shortening, relaxation, and friction effects.

post-tensioned strugtures with bonded tendons, f,,, may be taken at the centre section

post-tensioned structures with unbonded tendons, the f.,
centre of gravity of the prestressing steel averaged along the length of the member.

.3.3~Combined pretensioning and post-tensioning

pplying the provisions of 12.2.3.1 and 12.2.3.2 to components with combined pre

7):
(17)

oads.

be taken as

(18)
dependent

pf the span

value may be calculated as the stress at

tensioning

and post-tensioning, and where post-tensioning is not applied in identical increments, the effects of
subsequent post-tensioning on the elastic shortening of previously stressed prestressing tendons shall
be considered.

12.

3 Approximate estimate of time-dependent losses

Approximate estimate of time-dependent losses may be determined by either Method 1 or Method 2.
Method 1 shall only be applicable to pretensioned members, while Method 2 can be applicable to both
pretensioned and post-tensioned members.

Method 1

©IS
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For standard precast, pretensioned members subjected to normal loading and environmental

conditions,

where:

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.
The long -term prestress loss /\f o due to creep of concrete. Qhrmkncp of concrete_and relaxation of
steel shall pe estimated using Formulae (19) to (21):
fpl ps .
AfpLr $10 YnVst +83¥nYst +ASpR [19)
g
where:
Y, =1,/ -0,01H, 20)
35
yst = _;-7 [ 21)
Y+ /")
Method 2
The time-dependent losses may be calculated by considering the following two reductions of stress
— due toltime-dependent losses that may be calculated:by considering concrete creep and shrinkpge,
under fhe permanent loads; and
— the reduction of stress in the steel due to the‘relaxation under tension.
The time-dependent losses atlocation x underthe permanent loads shall be estimate using Formula (R2):
E,
€cs p+0 8Apr+ (t tO)chP
Afoir T - A Ec 22)
1+—2. P14+ 25 523[1+0,80(tt
E. A —2( i )l o(t,t)]
where
A, is the arealof the concrete section;
Aps is therarea of all the prestressing tendons at the location x;
EC 1sthe modulus of elasticity for the concrete:
E, is the modulus of elasticity for the prestressing steel;
Jeqp s the stress in the concrete adjacent to the tendons, due to self-weight and initial prestress
and other quasi-permanent actions where relevant;
1. is the second moment of area of the concrete section;
Zep is the distance between the centre of gravity of the concrete section and the tendons;
Afpir  is the absolute value of the variation of stress in the tendons due to creep, shrinkage and
relaxation at location x, at time ¢;
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Apr is the absolute value of the variation of stress in the tendons at location x, at time ¢, due to
the relaxation of the prestressing steel;

Ecs is the estimated shrinkage strain in absolute value at time t;
@(t, ty) is the creep coefficient at a time ¢t and load application at time ¢,

Compressive stresses and the corresponding strains given in Formula (22) should be used with
a positive sign. Formula (22) 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 sections limited by the idealized deviation points for external tendons or along the
entjre 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 to 3 days for steam cured concrete, can be obtained by Formulge (23) and
(24), respectively.

t
£..=—E€ 23
S 354¢ U (23)
t
gcs:55+t8csu (24)

whegre

t  isthetime in days;
£.6y=[780]x10-® m/m.

The shrinkage that occurs after the end of the initial wet curing and before tensioning shall not be
conpidered in calculation of prestress loss.

@(tit,) for a prestressing age t, of 7 days for moist cured concrete and 1 to 3 days for steam cured
confrete can be obtained by Formula (25).

0,6

o(t,ty)= ?y (25)

10+¢%°

whére

t  isthe time inddys after prestressing;

¢, =[2,35].

If the prestressing age is 14 days or 28 days, ¢, shall be adjusted to [2,0] or [1,76], respectivdly.

Af, can be'obtained by Formulae (26) and (27) for post-tensioned members and pretensioned members,
respéctively.

logyot [ fpi
Angﬁﬁ————f———o55 (26)
10 fpy
loglo t—logw t fpi
Apr zfpi 10 . f -0,55 (27)
py

where

t is the time in hours;

t

- is the time of prestress release in hours for pretensioned members.
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13 Details of tendon
13.1 Tendon confinement

13.1.1 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
segments, nominal confinement reinforcing shall be provided around the duct at each segment face.
The reinforcement shall not be less than two rows of 13 mm diameter hairpin bars at both sides of each

duct with vertical dimension equal to the slab thickness, less than top and bottom cover dimensions.
The effectd of grouting pressure in the ducts shall be considered.
13.1.2 Effects of curved tendons
13.1.2.1 (eneral
Reinforcement shall be used to confine curved tendons. The reinforcement-shall be proportionefl to
ensure thaf the steel stress at serviceability limit state does not exceed O,6fy, and the assumed valde of
f., shall notjexceed 420 MPa. Spacing of the confinement reinforcementghall not exceed either 3,0 times
t%le outsidd diameter of the duct or 600 mm.
Where tenfdons are located in curved webs or flanges or are cutved around and close to re-entfant
corners o1 internal voids, additional concrete cover and/orconfinement reinforcement shall be
provided. The distance between a re-entrant corner or voidand the near edge of the duct shall nof be
less than 1}5 times duct diameters. When a tendon curves in two planes, the in-plane and out-of-plane
forces shal| be added together vectorially.
13.1.2.2 Ip-plane force effects
In-plane dpviation force effects due to the.change in direction of tendons shall be taken as|per
Formula (248):
P
F. . =t 28
u-in R )

The maxihum deviation force shall be determined on the basis that all the tendons, including
provisional tendons, are stressed.
The shear fesistance per unit length of the concrete cover against pull-out by deviation forces, V,, shall
be taken ag per Foxmula (29):

V. =W, 29)
where

Vni = 0'33dce \/fci ¥

¢

=[0,75].

If the factored in-plane deviation force exceeds the factored shear resistance of the concrete cover,
as specified in Formula (29), fully anchored tie-backs to resist the in-plane deviation force shall be
provided in the form of either non-prestressed or prestressed reinforcement.

Where stacked ducts are used in curved girders, the moment resistance of the concrete cover, acting in
flexure, shall be investigated.
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For curved girders, the global flexural effects of out-of-plane forces shall be investigated.

Where curved ducts for tendons other than those crossing at approximately 90° are located so that
the direction of the radial force from one tendon is toward another, confinement of the ducts shall be
provided by:

a) spacing the ducts to ensure adequate nominal shear resistance, as specified in Formula (29);
b) providing confinement reinforcement to resist the radial force; or

c) specifying that each inner duct be grouted before the adjacent outer duct is stressed.

13.1.2.3 Out-of-plane force effects

Outtof-plane force effects due to the wedging action of strands against the duct wall'may bd estimated
as ger Formula (31):

F i

A 31
u-out TCR ( )

If the factored shear resistance given by Formula (29) is not adequate, local confining reipforcement
sha|l be provided throughout the curved tendon segments to regsist all of the out-of-plane forces,
preferably in the form of spiral reinforcement.

13.2 External tendon supports

Thg unsupported length of external tendons shall not €xceed 7 500 mm.
13.3 Post-tensioned anchorage zones

13.8B.1 General

For|anchorage zones at the end of a component or segment, the transverse dimensions may be taken as
the|depth and width of the section but not larger than the longitudinal dimension of the cofnponent or
segment. The longitudinal extent'of the anchorage zone in the direction of the tendon shall|not be less
thap the greater of the transverse dimensions of the anchorage zone and shall not be taken as more
than one and one-half times-that dimension.

For|intermediate anchorages, the anchorage zone shall be considered to extend in th¢ direction
opplosite to the anehorage force for a distance not less than the larger of the transverse dimensions of
thejanchorage zgne:

13.8.2 General zone and local zone

13.B2:1 General zone

The extent of the general zone shall be taken as identical to that of the overall anchorage zone including
the local zone, defined in 13.3.1.

Design of general zones shall comply with the requirements of 13.3.3.

13.3.2.2 Local zone
Design of local zones shall comply with the requirements of 13.3.4.

For design of the local zone, the effects of high bearing pressure and the application of confining
reinforcement shall be considered.

Anchorage devices based on the acceptance test shall be referred to as special anchorage devices.
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13.3.3 Design of general zone

13.3.3.1 Limitations of application

Concrete compressive stresses ahead of the anchorage device, location and magnitude of the bursting
force, and edge tension forces may be estimated using Formula (35) through Formula (39), provided
that:

— the member has a rectangular cross-section and its longitudinal extent is not less than the larger
transverse dimension of the cross-section;

— the mgmber has no discontinuities within or ahead of the anchorage zone;

— the mipimum edge distance of the anchorage in the main plane of the member is not less\than/ 1,5
times the corresponding lateral dimension, a, of the anchorage device;

— only ope anchorage device or one group of closely spaced anchorage devicesyis located in|the
anchotage zone; and

— the angle of inclination of the tendon, as specified in Formulae (36) and (37)} is between -5,0° and
+20,0°

13.3.3.2 (ompressive stresses

The concrdte compressive stress ahead of the anchorage devices,¥_,; calculated using Formulae (32) to
(34), shall pot exceed 0,7¢f;"

0,6P,x
fea= ‘ 32)

b| 1+, 11
begr h

if s, < 2a.¢, then:

o

where

S

k=1+[2-29 [0,3+ - 33)
aeff 15

if s, > 2a,¢, then:

k=1 34)

where I should notbemore than the larger of 1,15a, or 1,15b ¢ (mm). Refer to Figure 21.

The effectgve bearing area, 4,, in Formula (32) shall be taken as the larger of the anchor bearing #ate

area, Aplat , or, the bearing area of the confined concrete in the local zone, A_,,; with the following
limitationsk

if Apjace CONtrols, Ay, shall not be taken larger than (4/mA ¢
— if A ¢ controls, the maximum dimension of A, shall not be more than twice the maximum

dimension opr]ate or three times the minimum dimension of A
the effective bearing area, A4, shall be based on 4 and

plate- [f any of these limits is violated,

plate;

— deductions shall be made for the area of the duct in the determination of 4,

If a group of anchorages is closely spaced in two directions, the product of the correction factors, k, for
each direction shall be used, as specified in Formula (32).
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1 |longitudinal direction
2 |transverse direction
3 |vertical direction
4 |anchor plate (bearing plate)
5 |anchor head (wedge plate)
6 |confining reinforcement (bursting reinforcement)
7 |duct (sheath)
Figure 21 — Anchorage of a PSC girder
13.8.3.3 Bursting forces
Thg bursting forces in anchorage zones, T} ., may be taken as per Formula (35):
_ a4 :
Tourst _0,252Pt[1—h—1]+o,5 Y (P sinay )| (35)
Thd location of the Buysting force, dy .., may be taken as per Formula (36):
dpurst =0,5(H=2e, ) +5e, sino; (36)
If a|specialdanchorage shape is used, the reinforcements provided for bursting forces can bg arranged
differently from usual practice by approval of a chief engineer.

13.3.3.4 Edge tension forces

The longitudinal edge tension force may be determined from an analysis of a section located at one half
the depth of the section away from the loaded surface taken as a beam subjected to combined flexure
and axial load. The spalling force may be taken as equal to the longitudinal edge tension force but not
less than 2 % of the total factored tendon force.
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13.3.4 Design oflocal zone

13.3.4.1 Dimensions of local zone

Where either:

— the manufacturer has not provided edge distance recommendations; or

verifie

The trans

partic

the ou

the confining reinforcing steel for the particular application and environment.

Where the
a particuls

transverse

— the centre-to-centre spacing of anchorages specified by the anchorage device supplier.

Recommen

taken as m|

The length|

— the length of the anchorage device confining reinforcement; or

to the

The length|

13.3.4.2 K

Normal an

When geng
the tendon|
13.3.4.1, th

Po=¢fy Ay

where

fn

fn =0,
fa=2,

64

the cofresponding bearing plate size, plus twice the minimum concrete cover required)for

twice {

the m3

for and

d;

edge distances have been recommended by the manufacturer, but they have not been independently

rse dimensions of the local zone in each direction shall be taken as the greater of:

lar application and environment; and

er dimension of any required confining reinforcement, plus the required congrete cover (

manufacturer has recommendations for minimum cover, spacing(and edge distances
r anchorage device, and where these dimensions have been independently verified,
dimensions of the local zone in each direction shall be taken asthe lesser of:

he edge distance specified by the anchorage device supplier;'and

finimum values.
of the local zone along the tendon axis shall@ot be taken to be less than:

ximum width of the local zone;

horage devices with multiplebearing surfaces, the distance from the loaded concrete sur
bottom of each bearing surface, plus the maximum dimension of that bearing surface.

of the local zone shall.not be taken as greater than 1,5 times the width of the local zone.

earing resistance
horage deyiees shall comply with the requirements specified herein.

ral zone.reinforcement satisfying 13.3.3 is provided, and the extent of the concrete al
axis @head of the anchorage device is at least twice the length of the local zone as define
edactored bearing resistance of anchorages shall be taken as per Formulae (37) to (39):

the

ver

for
the

dations for spacing and edge distance of anchorages provided by the manufacturer shalll be

Face

ong
d in

is the lesser of:

7fa'VE§[- (38)
g

25fci '
(39)

(37)

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e341ad1390bcfbde999374fbd26a3078

IS0 21725-2:2021(E)

0] =[0,70].

The full bearing plate area may be used for 4, and the calculation of 4 if the plate material does notyield
at the factored tendon force and the slenderness of the bearing plate, n,/t,, shall satisfy Formula (40):

E 0,33
b

For anchorages with separate wedge plates, n, may be taken as the largest distance from the outer
edge of the wedge plate to the outer edge of the bearing plate. For rectangular bearing plates, this
disfance shall be measured parallel to the edges of the bearing plate. I the anchorage hag ;to separate
wedge plate, n, may be taken as the projection beyond the outer perimeter of the group™f oles in the
dirgction under consideration.

For|bearing plates that do not meet the slenderness requirement specified herein, ‘the effective gross
beafing area, Ag, shall be taken as:

— |for anchorages with separate wedge plates: the area geometrically similar to the wedge|plate, with
dimensions increased by twice the bearing plate thickness; and

— |foranchorages without separate wedge plates: the area geometrically similar to the outer perimeter
of the wedge holes, with dimension increased by twice the bearing plate thickness.

14|Superstructure
1411 Strength of members subjected to flexural moments

14.1.1 General

The superstructure system employed hy a*bridge designed according to this document shquld be one
of the systems covered or their permitted variations. The selection of an appropriate systenp should be
performed by studying several alternatives.

In fllexural design, the section:shall be designed as under reinforced section to achieve the ductile
failyre. Calculation of the designh strength of member sections subjected to flexural momentf should be
performed employing the requirements of 14.1. If the factored axial compressive load on the member,
P, |exceeds 0,1f4,, the\calculation of the design strength should be performed by employing the
anallysis of combinegd axial load and flexural moment.

14.1.2 Factored flexural moment at section

The factored*flexural moment at section, M, caused by the factored loads applied to th¢ structure
shopld be’determined, for the particular element type, from the following requirements.

14.1.3 Minimum design flexural moment strength

The design flexural moment strength of the section, ¢M,, should be greater than or equal to the factored
flexural moment at that section, M, as shown in Formula (41).

oM, 2M, (41)

where ¢ =[1,0].

14.1.4 Nominal moment strength of PSC box girder

The stress of prestressing steel at flexural failure, f,;, may be assumed to be f,,, for simplification. Box
girder section can be idealized as an [-girder section to accommodate simplifiecflcalculations. Figure 22
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