TECHNICAL METHODS FOR HIGHWAYS

sODE OF PRACTICE
'R THE DESIGN OF
HIGHWAY BRIDGES

AND CULVERTS
IN SOUTH AFRICA

1989

ISBN 0-908381-92-1

ISBN 0-308381-93-X (PART 3)

TMH7, pp 1 — 150, Pretoria, South Africa, 1989

Bridge Design Code, Part 3
THMHT, Pretoria, South Alnca, 1989



Compiled by

Committes of State Road Authoritiss
Funded by

South African Roads Board
Published by

Dapartment of Transpori

PO Box 415

PRETORIA

0001
Reoublic of South Africa

PRINTED 1989
REPRINTED 1996

i

¥

Bridga Dasign Code, Part 3
M7, Pretoria, South Africa, 1289



PREFACE

This Code is issued by the Committee of State Road Authorities as a manual to be
used in the design of highway bridges and culverts in order to encourage the
application of modern design philosophy and to bring about greater uniformity of
standards throughout South Africa. Although some deviations to suit local require-
ments may be necessary, it is important that the agreed standards and design
principles expounded here be adhered to.

The Code is too specific and detailed to be strictly classified as a model code, but this
does not mean that it must necessarily be rigidly adhered to in all its detail. In order
not to retard progress, competent designers should retain the right to exercise their
discretion in applying new and improved theories or methods based on proven
research, provided that this does not impair the reliability of the structure. It is the
intention to update or extend this Code as and when required by issuing new editions.

For any particular application, the specific interpretation of any part of this Code shall
be subjectto the ruling of the responsible bridge authority. The designer shall inform
the responsible authority of his intention to apply alternative or new methods not
described in this Code.

TECHNICAL METHODS FOR HIGHWAYS (TMH) is a series complementing the
TECHNICAL RECOMMENDATIONS FOR HIGHWAYS (TRH) series. The TRHs
are intended as guides for the practising engineer and leave room for engineering
judgement to be used. The TMHSs, on the other hand, are intended as manuals for
engineers, prescribing methods to be used in various bridge and road designs and
construction procedures. It is hoped that the use of these manuals will produce
uniform results and standards throughout the country. .

This TMH was prepared by the Subcommittee on Bridge Loadings of the Committee
of State Road Authorities (CSRA), which included a representative from SWA/
Namibia. It carries the full approval of the CSRA.

Bridge Design Code, Part 3
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SYNOPSIS

This book contains the third part of the Code of Practice for the Design of Highway
Bridges and Culverts in South Africa. The Code is based on the principles of limit
state design as contained in the recommendations of the CEB-FIP Model Code for
Concrete Structures published in France in 1878. This method can be considered to
be a semi-probabilistic procedure using partial safety factors (level 1) to determine
the effects of design actions on the structure and the resistance of members to these
effects and involves checking for the ultimate limit state and the serviceability limit
state.

Part 3 of the Code defines the limit state requirements and, with reference to Part 2,
gives the required combinations of actions and their application to the structure in
checking for the limit states. The material properties and design assumptions for use
in analysis are also given. Guidelines are provided for the detailed design of
reinforced, prestressed and partially prestressed concrete as well as of precast,
composite and plain concrete construction. Material strength reduction factors are
specified for use in conjunction with the partial load factors given in Part 2.
Explanatory notes are contained in the Appendices.

SINOPSIS

Hierdie dokument bevat die derde deel van die Gebruikskode vir die Ontwerp van
Padbrle en -duikers in Suid-Afrika. Die kode is gebaseer op die beginsels van
grenstoestandontwerp soos begrepe in die aanbevelings van die CEB-FIP Model
Code for Concrete Structures wat in 1978 gepubliseer is. Hierdie metode kan
beskouword as'nhalfwaarskynlikheidsprosedure wat gedeeltelike veiligheidstaktore
(standaard 1) gebruik om die effekte van ontwerpwerking op die struktuur en die
weerstand van dele daaraan te bepaal en behels die nagaan van die uiterste
grenstoestand en die diensbaarheidsgrenstoestand.

Deel 3 van die Kode definieer die grenstoestandvereistes en deur na Deel 2 te
verwys, die vereiste kombinasies van werkings en die toepassing daarvan op
strukture by die nagaan van grenstoestande. Die materiaaleienskappe en ontwerp-
aannames wat in ontleding gebruik word, word beskryf. Riglyne vir die gede-
tailleerde ontwerp van gewapende-, span- en gedeeltelike spanbeton asook vir
voorafgegiete-, saamgestelde en ongewapendebetonkonstruksie word aangegee.
Reduksiefaktore vir materiaalsterkte word gespesifiseer om saam met die gedeel-
telike lasfaktore in Deel 2 aangegee, gebruik te word. Die bylaes bevat verklarende
aantekeninge en riglyne.

KEYWORDS:
Bridge, concrete, design, structure, reinforcement, prestressing, limit states.
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1 INTRODUCTION

1.1 Scope of Part 3

This Part deals with the design of concrete bridges. It has been largely based on
Part 4 of BS 5400, although certain sections incorporate the recommendations of
Volume i of the CEB-FIP Model Code for Concrete Structures published in Bulletin
D'information N.124/125-E of April 1978, as well as the FIP Recormmendations on
Practical Design of Reinforced and Prestressed Concrete Structures based on the
above Model Code and published in draft form in June 1982. Various other codes
andresearch publications have influenced the drafting of some clauses. Cognizance
has been taken of the SABS Code of Practice for the Structural Use of Concrete,
Part 1: Design (SABS 0100, Part 1, of 1980)in the assessment of certain design
parameters.

After stating the objectives and requirements of design, the Code gives particular
requirements for reinforced concrete, prestressed concrete and composite concrete
construction and for plain concrete walls and abutments. This Code covers only
limited aspects of bridge design and specialist literature should be consulted for
unusual problems or structures and for structural elements not dealt with here.

The structural elements dealt with are beams, slabs, columns and walls, bases, pile
caps, tension members and connections between precast concrete members.

This Part should be read in conjunction with Part 1 (General Statement) and Part 2
(Specification for loads) of this Code for an explanation of the design philosophy and
the definition of terms and units. Special reference should be made to Section 6 of
Part 1 for the definition and explanation of the design values for actions, action
effects and resistance and the methods of application of the various partial safety
factors for actions (y, ) and action effects (y,,} and the material strength reduction
factors (y_) for resistance. The relevant values of the function (y, (=7, - 7v,,) are given
in Part 2. The values of vy, are given in 2.2 of this Part. :

1.2 Symbols

The notation applicable to this part is explained in 1.4 of Part 1. The symbols used
in this Part are as follows:

A, Cross-sectional area of concrete

A, Area of section subject to axial and/or flexural compression

A Cross-sectional area of effective concrete flange

An Contact area

A, Area of fully anchored reinforcement per unit length crossing the shear
plane

A, Cross-sectional area enclosed by median lines of effective walls

A Cross-sectional area of ith layer of steel

A, Cross-sectional area enclosed by the median wall line

A Cross-sectional area of prestressing tendons

A Cross-sectional area of tension reinforcement

Bridge Design Code, Part 3 1
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Cross-sectional area of compression reinforcement

Cross-sectional area of compression reinforcement in the more highly
compressed face

Cross-sectional area of reinforcement in other face (see 3.5.3.4)
Cross-sectional area of longitudinal reinforcement (for columns)

Sum of the cross-sectional areas of longitudinal reinforcement provided
at a section for torsion

Cross-sectional area of one leg of a closed link resisting torsion
Supporting area

Sum of the cross-sectional areas of the legs of a link or composite link
resisting shear

Cross-sectional area of effective tensile reinforcement in a slab in the x-
axis direction

Cross-sectional area of effective tensile reinforcement in a slab in the y-
axis direction

Cross-sectional area of transverse tensile reinforcement

Deflection

Distance from compression face to point at which the crack width is being
calculated

Centre-to-centre distance between bars

Distance of the centroid of the concrete flange from the centroid of the
composite section

Distance from the point (crack) being considered to the surface of the
nearest longitudinal bar

Distance of the centroid of the steel from the centroid of the net concrete
section

Distance from the face of a support to the line of action or point of
application of a load

Breadth of beam section or width of slab

Average breadth of section excluding the compression flange for non-
rectangular sections

Breadth of compression face

Breadth of column

Width of section containing effective reinforcement for punching shear
Width of a section of slab containing effective reinforcement for punching
shear in the y-axis direction

Width of a section of slab containing effective reinforcement for punching
shear in the x-axis direction

Breadth of section at level of tension reinforcement

Breadth of web or rib of a member

Width of critical concrete section of a slab for punching shear measured
in the x-axis direction

Width of critical section of a concrete slab for punching shear measured
in the y-axis direction

Torsional constant

Bridge Design Code, Part 3
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nem

Qoo
o

Nominal cover
Density of concrete at time of test
Effective depth to tension reinforcement

d Depth to compression reinforcement

d, Depth of concrete in compression

d, Effective depth for a solid slab or rectangular beam, otherwise the overall
depth of the compression flange

d, Diameter of the largest circle that can be contained within U,

d, Depth to additional reinforcement for resisting horizontal loading

d Effective depth in shear

d, Effective depth of slab reinforcement in x-axis direction

d, Effective depth of slab reinforcement in y-axis direction

d, Depth from the other surface to the reinforcement in that other face

E Modulus of elasticity or equivalent modulus of elasticity of a composite
section

E. Static secant modulus of elasticity of concrete

E, Static secant modulus of elasticity of concrete flange

E. Dynamic tangent modulus of elasticity of concrete

£, Modulus of elasticity of steel

E.q Secant modulus of elasticity of the concrete at the age of 28 days

e Eccentricity or base of Napierian logarithms

e, Eccentricity of axial load resulting in decompression

e, Fesultanteccentricity of load atrightanglestoplane of wallorthe distance
in the x-direction between the edge of a load and the paraliel unsupported
edge of a slab

e, Distance in the y-direction between the edge of a load and the parallel
unsupported edge of a slab

Foo Bursting tensile force

Foy Tensile force due to ultimate loads in a bar or group of bars

F Maximum horizontal ultimate load ’

F, Maximum vertical ultimate load

f Stress

foe Local bond stress

f. Constant stress

fray Average compressive stress in the flexural compressive zone

f; Concrete strength at (initial) transfer

£, Stress in concrete at time of application (j) of an increment of stress

fo Stress in concrete at the level of the tendon due to initial prestress (prior
to losses) and dead load

feo Compressive stress at the centroidal axis due to prestress

fou Characteristic cube strength of concrete

fo Tensile stress in tendons at (beam) failure

fos Effective prestress (in tendon)

f Stress due to prestress

fu Characteristic strength of prestressing tendons

Bridge Design Code, Part 3 ' 3
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Stress in reinforcement in other face

Maximum principal tensile stress

Characteristic yield strength of reinforcement

Design strength of longitudinal steel in compression

Characteristic strength of longitudinal reinforcement

Characteristic strength of link reinforcement

Shear modulus

Overall depth (thickness) of section

Maximum size of aggregate

Effective thickness

Thickness of effective walls

Thickness of flange

Larger dimension of section

Smaller dimension of section

Wall thickness at which the stress is determined

Overall depth of the cross-section in the plane of bending M,
Overall depth of the cross-section in the plane of bending M,
Second moment of area or equivalent second moment of area of a
composite section : :

Radium of gyration; moment in time

Age at application of increment of stress

Age at first loading

Number of days over which hardening takes place at T °C

Age at the end of the life of the structure

A constant depending on the type of duct, or sheath, employed

A constant depending on the shape of the bending moment diagram
A constant (with appropriate subscripts)

Partial coefficient; depends on the composition of the concrete
Partial coefficient; depends on the effective thickness of the member
Partial coefficient: defines the development of the deferred deformation
as a function of time

Partial coefficient; depends on environmental conditions

Partial coefficient; depends on the hardening (maturity) of the concrete at
the time of loading

Coefficient k_ for age at first loading

Coefficient; depends on the type of tendon

Coefficient in shear equation

Coefficient in torsion equation

Coefficient; depends on the concrete bond across the shear plane
Coefficient; depends on the geometric ratio, p, of longitudinal reinforce-
ment

Breadth of shear plane

Distance from face of support at the end of a cantilever, or effective
span of a member

Effective height of a column or wall

Bridge Design Code, Part 3
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Effective height in respect of bending about the major axis

Effective height in respect of bending about the minor axis

Clear height of column between end restraints

Length of straight reinforcement beyond the intersection with the link
Transmission length

Ultimate bending moment due to ultimate loads

Increased moment in a column, or moment at position a in a beam
Moment at position b in a beam

Moment at position ¢ in a beam

Cracking moment at section being considered

Hogging restraintmoment (atan internal support of a continuous compos-
ite beam-and-slab section due to differential shrinkage)

Moment due to permanent service loads

Initial moment about the major axis of a slender column due to ultimate
loads

Initial moment about the minor axis of a slender column due to ultimate
loads ‘ ’

Decompression moment (moment necessary {0 produce zero stress)
Moment due to live service loads

Total moment about the major axis of a slender column due to ultimate
loads

Total moment about the minor axis of a slender column due to ultimate
loads

Ultimate resistance moment

Maximum moment capacity in a short column assuming ultimate axial
load and bending about the major axis only

Maximum moment capacity in a short column assuming ultimate axial
load and bending about the minor axis only

Moments about the major and minor axes of a short column due to
ultimate loads

Smallerinitialend momentdue to ultimate loads (assumed to be negative
if the column is bent in double curvature)

Larger initial end moment due to ultimate loads (assumed to be positive)
Number of steel layers

Ultimate axial load at section being considered

Axial load corresponding to balanced conditicn

Ultimate axial load

Axial loading capacity of a column, ignoring all bending

Number |

Ultimate axial load per unit length of wall

Effective prestressing force after all losses

Horizontal component of the prestressing force after all losses

Basic load in a tendon

Prestressing force in the tendon at the jacking end (or at tangent point
near jacking end)
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Prestressing force at distance x from jack

Uniformly distributed load on a beam

internal radius of bend

Radius of curvature of a beam at midspan or, for cantilevers, at support
Radium of shrinkage curvature

Radius of curvature of a tendon

Radius of curvature of a member at point x

Spacing of longitudinal reinforcement

Spacing of links along the member

Torsional moment due to ultimate loads or temperature (in degrees
Celsius)

Torsional capacity due 1o concrete only

Ultimate torsional capacity

Time

Length of mean polygonal perimeter

Perimeter of A

Perimeter

Effective perimeter of tension reinforcement

Shear force

Ultimate shear resistance of concrete

Ultimate shear resistance of a section uncracked in flexure

Ultimate shear resistance of a section cracked in flexure

Applied shear due to ultimate loads for the x-x-axis

Applied shear due to ultimate loads for the y- y axis

Ultimate shear capacity

Ultimate shear capacity of a section for the x-x-axis

Ultimate shear capacity of a section for the y-y-axis

Longitudinal shear force per unit length due to ultimate load

Shear stress

Ultimate shear stress in concrete

Maximum value of shear stress in beams

Ultimate longitudinal shear stress per unit area of contact surface
Torsional shear stress

Minimum ultimate torsional shear stress for which reinforcement is
required

Ultimate torsional shear stress

Resultant shear stress

Concentrated load on beam

Neutral axis depth; distance along pf‘ec*mm cable
Smaller centre-line dimension of a link

Distance of the fibre considered in m@ plane of bending from
of the concrete section

Half the side of the end block

Half the side of loaded area

Larger centre-line dimension of a link

centroid

=
m
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Lever arm

Modular ratio

Angle of friction for concrete interfaces

Angle between the normal to the crack (or the normal to the axis of the
principal moment) and the direction of the ith steel layer

Exponent related to the ratio of the ultimate axial load on the column and
its axial loading capacity

Angle of rotation of a curved tendon over a specific length

Angle between the normal to the crack (or the normal to the axis of the
design moment) and the direction of the tensile reinforcement A resisting
that moment

Ratio ofthe sum of the support moments of abeam toits midspan moment
Hatio of total creep to elastic deformation

Shear factor

Partial load factors

Product of y,, and v,,; partial safety factor

Partial safety factor for material strength

Concrete creep deformation (strain)

Concrete creep strain at time t

Concrete shrinkage deformation (strain)

Concrete shrinkage strain at time t

Change in stress in concrete due to creep at time t_

Loss of prestress due to shrinkage and creep

Reduction of strain due to stiffening effect of the concrete in the tension
zone of a beam

Degree of hardening at time of loading

Strain

Free shrinkage strain

Creep strain in concrete at the level of the tendon at time of loading
Creep strain in concrete at the centroid of the section at time of loading
Combined differential creep and shrinkage strains

Average strain

Strain in tension reinforcement

Strain at level being considered

Relaxation coefficient

inclination of web compression due to shear with the centre line of the
beam

Angle between the compression face and the tension reinforcement
Inclination of compressive force due to torsion with the centre line of the
relevant beam surface

Inclination of link with the centre line of the beam

Coefficient for walls; dependent upon dimensions and concrete used
Coefficient of friction

Slab or beam depth factor A

s

Geometric ratio of reinforcement, equal to od

Bridge Design Code, Part 3
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P, Coefficient; dependent upon the percentage of tension and compression
steel in the section

z Sum of

) Size (nominal diameter) of bar or tendon

¢ Creep coefficient

¢, Creep coefficient for prestressed construction

¢, Creep reduction coefficient for axially loaded and symmetrically rein-
forced concrete members

b, Creep reduction coefficient for axially loaded and singly reinforced
concrete members

d, Creep reduction coefficient for symmetrically reinforced concrete mem-
bers subjected to bending moment

o Creep reduction coefficient for singly reinforced concrete members
subjected to bending moment

b, Creep coefficient at time t for load applied at time

2 DESIGN: GENERAL

2.1 Limit State Requirements (See also Part 1, Section 2)

The ultimate and serviceability limit states, as specified in2.1.1 and 2.1.2, should be
considered in the design so as to ensure adequate safety and serviceability. The
usual approach will be to design on the basis of the limit state that is expected o be
the most critical, and then to check that the remaining limit states will not be reached
and that all other requirements, such as compliance with detailing ruies, will be met.
In certain cases it will not be necessary to check all these criteria if experience has
proved that the design does meet the criteria.

Otherfactors, such as deflection, fatigue and durability, might need to be considered,
as referred to in 2.1.3.

2.1.1 Ultimate limit states

The structure should be sufficiently strong to withstand the design loads, taking due
account of the possibility of instability caused by translation, settlement, overiuming
or buckling, and of the effects of sway when appropriate. (See Part 1, Section 6.)

2.1.1.1  Rupture or instability: By assessing the structure under the design
loads appropriate to the ultimate limit state, the designer should be able to ensure
that premature collapse does not occur as a result of the rupture of one or more
critical sections, of buckling caused by the elastic or plastic instability of a single
member or a combination of members, or of instability due to translation, settlement,

Bridge Design Code, Part 3
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or averturning of parts of the structure. In particular, it shall be shown that the
structure cannot suffer progressive collapse as a consequence of localized damage
caused by abnormal use or an accident (see 1.4.9 of Part 2).

The engineer responsible for the design shall ensure that both the bridge as a whole
and its parts are robust and stable. Where itis practically and economically feasible,
redundant members shall be provided in the configuration of the structure and in the
connections between parts in order to prevent catastrophic collapse owing to
abnormal actions or accidents. These redundant members should be designed to
take effect before or during any failure of the primary structural system.

The effects of creep and shrinkage of concrete, temperature difference and differ-
ential settlement, as well as of secondary moments in continuous prestressed
members, may be reduced by 50 per cent (or as agreed by the responsible bridge
authority) at the ultimate limit state. However, this may only be done if the presence
of the unreduced effects does not alter the nature of the inelastic behaviour by
inducing local sectional failure instead of, and before, overall structural collapse in
the assumed or calculated mode of failure. Moreover, these effects must have been
included in the appropriate load combinations to check the stress limitations given
in 2.1.2.3 for the serviceability limit state.

2.1.1.2  Ultimate limit state requirements for vibration: If the criterion for
vibration serviceability requirements (2.1.2.2) is met, it can be deemed to satisfy this
clause as well. ‘

2.1.1.3  Seismic design: In the case of structures that may be subjected to
earthquake action, the design of the configuration, mass distribution and stiffness of
members, connections and movement joints should be directed at reducing the
internal forces that would be generated by a structural response to such seismic
forces. This is best achieved by designing ductile energy-absorbing structural
systems and by avoiding large force concentrations on weak but stiff members.

2.1.1.4  Bridge sabotage countermeasures: The engineer shall consult with
the responsible bridge authority on the need for sabotage countermeasures before
proceeding with the conceptual design. Special care shall be taken in the design of
parts of the structure that could be vulnerable to such attacks.

2.1.2 Serviceability limit states

The structure should be designed to withstand local damage, which would
shorten its intended life or incur excessive maintenance costs. In particular, the
calculated deflections, stresses and crack widths should not exceed those permitted
in2.1.2.1.

Bridge Design Code, Part 3
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2.1.2.1  Cracking: Cracking of concrete should not affect the appearance or
durability of the structure adversely. The engineer should satisfy himself that any
cracking - especially due to combinations of stresses - will not be excessive, taking
into account the requirements of the particular structure and the conditions of
exposure. Unless a special investigation has been done or there are alternative
means of ensuring durability, the following limits should be adopted.

(a) Reinforced concrete: Design crack widths, when calculated in accordance with
Equation 29 as given in 3.8.8.2, should not exceed the values given in Table 1
under the loading given in 2.2.3. Special attention should be given to the effects
of combinations of stresses.

(b) Prestressed concrete: Prestressed concrete structures, or elements under
design loads appropriate to the serviceability limit state, may be divided into
three separate categories according to the flexural tensile stress limitations.
Most prestressed concrete structures are stressed in one direction only and are
monolithically connected with non-prestressed elements. The following require-
ments refer only to the prestressed components. Stresses or crack widths in
transverse directions and in non-prestressed components should comply with
subsection (a) above. Reference should be made to the responsible bridge
authority for its classification requirements.

The categories are as follows:
Class 1. Full prestress: no tensile stress permitted.

Class 2. Limited prestress: tensile stresses permitted, in accordance with Table
26, but no visible cracking.

Class 3: Partial prestress: tensile stresses and cracking permitted, but with design
crack widths limited to the values givenin Table 1. These limitations shall be deemed
to be satisfied if the stress increments in both the prestressing steel and the
additional reinforcement near the tensile face of the concrete do not exceed the
stress limits defined in 4.3.2.4(a)(iii). These stress increments are the ditferences
between the steel stresses prevailing when the concrete is cracked under the action
of the design load and those prevailing when decompression of the concrete
commences at the level of the reinforcement near the tensile face.

2.1.2.2  Vibration serviceability requirements: The dynamic effects of stan-
dard traffic loading on common types of bridge are deemed to be covered in the
allowance forimpact thatis includedin the nominallive load; the requirements of Part
2 need only be applied to footbridges or to the structural components of bridges
whose prime function is to carry sidewalk (footway) live loading. Special investiga-
tions may be necessary in the case of long slender wind-sensitive structures such
as suspension and cable-stayed bridges, especially with regard to the cables which
are prone to develop resonance under wind excitation (see 3.8.4 of Part 2).

Bridge Design Code, Part 3
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TABLE 1 Design crack widths

Environment

Examples

Design crack
width (mm)

Moderate
Concrete surfaces
above ground level
and fully sheltered
against rain and
sea-spray.

Concrete surfaces
permanently saturated
by water that is non-
aggressive towards
concrete

Surfaces sheltered by the
bridge deck or protected
by waterproofing or
permanent formwork.

[nterior surfaces of
pedestrian subways, voided
superstructures or celiular
abutments or piers on which
condensation is unlikely

Concrete permanently under
water

Not greater than
0,25

Severe

Concrete surfaces
exposed to driving
rain or alternate
wetting and drying

All external surfaces not
sheltered or protected from
rain

Bridge deck softits and
internal surfaces on which
condensation is likely.

Buried parts of the
structure or surfaces in
contact with backfill.

Not greater than
0,20

Very severe
Concrete surfaces
directly affected by
sea-spray or a salt-
laden atmosphere.

Concrete parapets, walls
and all exposed surfaces
of superstructures and sub-
structures in terrain near

to the sea.

Not greater than
0,10

Extreme®

Concrete surfaces
exposed to abrasive
action of sea-water or
water that is aggressive
towards concrete.

Parts of structures in
contact with sea-water or
water in marshy terrain

Not greater **
than 0,10

@

%

Class 3 prestressed concrete should be used in extreme environments only with the
permission of the responsible bridge authority.

In very extreme cases it may be necessary to use methods of protection against corrosion

in addition to applying crack width limitations.
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2.1.2.3 Stress limitations: To obtain a design that will preclude unacceptabls
deformations and cracks, stresses in concrete and steel should be calculated by
linear elastic analysis for load combinations 1 to 3 where any of the following apply:

(a) for all prestressed concrete construction;
(b) for all composite construction;
(c) for reinforced concrete construction where the effects of creep and shrinkage

of concrete and/or temperature difference and/or differential settlement are not
considered at the ultimate limit state;

(d) where aplasticmethod (see2.4.2.1) orredistributionof moments (see 3.2.2 and
4.2.2) is used for the analysis of the structure at the ultimate limit state and

(e) under global and local axial and bending effects where these are considered
separately at the ultimate limit state.

For reinforced and prestressed concrete, the compressive and tensile stress
limitations are summarized in Table 2 below.

The values given in Table 2 for a triangular compressive stress distribution in both
reinforced and prestressed concrete sections of approximately uniform breadth are
relatively high. This is permissible because the higher stresses affect only a portion
of the section, thus reducing the probability of excessive deformation due to creep
if the concrete has a limit of linearity lower than the assumed value of the
characteristic stress. On the other hand, with uniform compressive stress and
distribution the probability of excessive creep deformation is increased, thus
necessitating lower values of stress.

Lower values of stress are given for prestressed concrete than for reinforced
concrete because the whole concrete cross-section is normally in compression and
therefore the probability of excessive creep is greater than in reinforced concrete.

In the range of cases where interpolation is allowed, the lower values may be
preferred to avoid undue complexity in the analysis.

2.1.3 Other considerations

2.1.3.1  Deflections: Thedeflectionofthe structure, or any partofit, should not
be sufficient to affect the appearance or efficiency of the structure adversely.

Although the appearance and function of concrete superstructures are normally not
affected, deflection calculations may be required in the following circumstances:

(a) where minimum specified clearances may be violated,
(b) where drainage difficulties may result;

(c) where the method of construction may require careful control of the profile, eg
at discontinuities in serial construction, and where decks consist of abutting
prestressed concrete beams, or

(d) where,duetothe configurationordimensional proportions of the structure, even
normal deflection may be relevant.

Bridge Design Code, Part 3
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TABLE 2 Stress limitations for the serviceability limit state

Material Type of stress under Type of construction
design loading
Reinforced Prestressed
concrete concrete
Concrete Triangular or near- 0,50f, 0,40 ¢
triangular compressive
stress distribution in
sections of approximately
uniform breadth (eg due to
bending)
Intermediate between Interpolate Interpolate
triangular and uniform between between
compressive stress 0,50f 0,40t
distribution (eg due to and and
combined bending and 0,38t 0,30 ¢,
axial loading in members
varying from those with
sections of approximately
uniform breadth to those
with flanges)
Uniform or near-unitorm 0,381, 0,30 f_
compressive stress
distribution (eg in all
sections due to axial
loading or in wide flanges
of beams and box girders
due to bending)
Tension Not Class 1:
applicable Class 2:
0,45 Vf_|
pretensioned
0,36 Vt_,
post-tensioned
Class 3:
Not applicable
Heinforcement  Compression 075¢ Not applicable
Tension 0,75 ¢ Deemed to
Y . g
be satisfied
by 4.3.2.4
(a)(ii)
Prestressing Tension Not Deemed to be
tendons applicable satisfied by
4.8.1

Note: See 5.3.4 for limiting flexural stresses in joints for post-tensioned segmental construc-
tion.

Bridge Design Code, Part 3
TMH?, Pretoria, South Africa, 1989 13




2.1.3.2 Fatigue: The fatigue life of bridges, where it needs to be considered,
should comply with the requirements of 2.7. ‘

2.1.3.3  Durability: Therecommendationin this Code regarding concrete cover
to the reinforcement and acceptable crack widths (see 2.1.2.1), together with the
recommendations for cement contents givenin 5.8.1.5of Part Il of SABS 0100, Code
of Practice for the Structural Use of Concrete, should meet the durability require-
ments of almost all structures, but the requirements of the responsible bridge
authority should be given preference. Where very severe environments are encoun-
tered, however, additional precautions may be necessary and specialist literature
should be consulted.

2.2 Actions
2.2.1 General

The characteristic values of actions (including forces, loads and imposed deforma-
tions) are given in Part 2, where they are described as nominal values because of
the lack of statistical data.

Creep and shrinkage of concrete, differential settlement, prestrain and prestress
(including secondary effects in statistically indeterminate structures) are indirect
action effects associated with the nature of the structural material being used; where
they occur, they should be regarded as long-term actions, except that in ultimate fimit
state calculations their effects may be reduced depending on the mode of failure. In
such calculations the prestress should be considered as a resisting effect (bonded
prestressing steel acts as high-strength reinforcement).

2.2.2 Ultimate limit states
To check the requirements of 2.1.1, load combinations 1 to 3 shouid be considered.

The values of the partial safety factor v, for the individual loadings comprising
combinations 1 to 3 are given in Part 2. The value of y,_for creep and shrinkage of
concrete and for differential settlement should be taken as 1,0. The values of vy, for
temperature for load combinations 2 and 3 are given in 4.5 and Table 17 of Part 2.
In calculating the resistance of members to vertical shear and torsion, v, for the
prestressing force should be taken as 1,15 where it adversely affects the resistance
and 0,87 in other cases. In calculating secondary effects in statistically indeterminate
structures, v, for the prestressing force may be taken as 1,0. The value ofy,, should
be taken as 1,10 except that where plastic methods (see 2.4.2.1) are used for the
analysis of the structure, ,, should be taken as 1,15.

2.2.3 Serviceability limit states

For the limitations given in 2.1.2.1(a) for reinforced concrete, it would normally be
necessary to consider only load combination 1. Type NAwheelloading need notbe
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considered except for cantilever slabs and the top flanges in beam-and-slab, voided
slab and box-beam construction. It may, however, be necessary to consider the
effects of wind loading of load combinations 2 and 3 on members sensitive to wind
effects.

For the limitations given in 2.1.2.1(b) for prestressed concrete, bridges should be
classified, as directed by the responsible bridge authority, as being in:

either (a) Class 1 under load combination 1 (as modified above) except that live
loading due to NA loading may be reduced by 50 per cent and that due
to NB loading to 18 units, and

(b) Class 2 or 3, whichever is applicable, for load combinations 2 and 3;
or Class 3 for load combinations 1, 2 and 3.

For the stress limitations given in 2.1.2.3, load combinations 1 to 3 should be
considered.

The values of the partial safety factor y, for the individual loadings comprising
combinations 1 to 3 are given in Part 2. The value of v, for creep and shrinkage of
concrete and for the secondary effects or prestress and differential settlement in
statically indeterminate structures should be taken as 1,0.

2.2.4 Deflection and deformation

The requirements of the responsible bridge authority should be complied with.
Minimum specified clearances should be maintained under the action of load
combination 1. '

The long-term shrinkage effects, creep deflections and subsoil settlements should
not be so severe as to impair the rideability and drainage characteristics of the
structure or adversely affect the appearance or reliability of the structure or its parts.

The values of v, for the individual loads and the value of v, should be those
appropriate to the serviceability limit state.

2.3 Materials
2.3.1 General

Characteristic strength of materials: Unless otherwise stated, the term 'character-
istic strength’ means that value of the cube strength of concrete, f_, the yield or proof
strength of reinforcement, f, orthe breaking load of a prestressing tendon, f_, below
which not more than 5 % of all possible test results may be expected to fall. The
characteristic strength of concrete is generally that of the 28-day strength of cubes
sampled, made and testing in accordance with SABS Methods 861 and 863 and
Sections 5.8.16105.8.18 of SABS 07100, Part/l, of 1980. The characteristic strengths
of materials are given in 3.1.4 and 4.1.4.

Characteristic stress is the value of stress at the assumed limit of linearity on the
stress-strain curve for the material.
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In general, in analysing a structure to determinag joad glfects, the material properties
appropriate to the characteristic strength should be used, irrespective of the limit
state being conslidered.

For the analysis of sections, the material properties to be used for the limit states are
as follows:

(a) Serviceability limit state: The characteristic stresses are assumed tobe 0,75 f,
for reinforcement, 0,5 f_ for concrete in compression and 0,56 \f_ for tensi ion
in prestressed concrete

(b) Ultimate limitstate: The characteristicstrengthsare givenin2.3.2. These values
should be verified for local materials and the necessary ad } stments made.

The appropriate y_ values are given 2.3.3.

2.3.2 Property of materials

2.3.2.1  Concrete: In assessing the strength of sections at the ultimate limit
state, thedesign stress-strain curve for concrete of normal density may be taken from
Figure 1, using the value of y_ for concrete given in 2.3.3.1.

The modulus of elasticity E_to be used for elastic analysis should be the mean value
of the secant modulus appropriate to the characteristic cube strength of the concrete
at the age considered. In the absence of special investigations or tests, it shot m be
obtained as follows:

(a) Analysis of structures: To determine the effects of permanent and transient
loading, use the appropriate value given in Tablg 3 except that, to daetermine the
effects of imposed deformations and for the calcufation of deflections, an
appropriate value intermediate between thatgiven in Table 3 and halt thatvalue
as defined below can be used.

For the analysis of dynamic effects the value could be greater than that given
in Table 3 depending on the nature of the action (see Table 34 Appendix 3.B)
but, unless adequate data are available and a comprehensive analysisis carried
out, the value should either not be increased or should be intermediate between
the static and dynamic values.

(b) Analysis of sections: To determine crack widths and stresses due to the effects
of permanent and transient loading and imposed deformations, use an appro-
priate value intermediate between that given in Table 3 and half that value as
defined below.

The appropriate intermediate value of the modulus of elasticity mentioned in (a) and
(b) should reflectthe age of the concrete and the proportion of permanent and short-
term effects in the combination. This is based on the assumption that the effect of
creep under long-term loading can be allowed for by using half the values given in
Table 3 for the modulus of elasticity.

Where a more precise analysis is necessary, the effects of creep and shrinkage
should be assessed more accurately. Information on creep and shrinkage, based on
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CEB-FIP International Recommendations, as amended in May 1972, is given in
Appendix 3.A. The effects arising from construction being completed in stages
should be taken into account.

Further information on the elastic deformation of concrete is given in Appendix 3.B.

TABLE 3 Modulus of elasticity of concrete under short-term loading

Characteristic cube strength of Mean secant modulus of
concrete at the age considered (MPa) elastlicity of concrete (GPa)
20 25
25 26
30 28
40 31
50 34
60 36

For concrete containing low-density aggregate having an air-dry density between
1 400 kg/m?® and 2 300 kg/m?, the values given in Table 3 should be multiplied by

D 2
[2 300]
where D, is the density of the concrete in kg/m?®. Alternatively, the value of the elastic
modulus for a specific characteristic strength may be obtained by doing tests. Note
that the mean elastic modulus obtained from the results of such tests should bear a
relation to the characteristic cube strength of the test specimens. Concrete made

fromcertain aggregates (such as certain types of sandstone, limestone, and granite)
could have modulus of elasticity significantly lower than the values given in Table 3.

For elastic analysis, Poisson's ratio may be taken as 0,2. The coefficient of thermal
expansion may be taken as 12 x 10°5/°C for concrete of normal density. For concrete
containing low-density aggregate and for concrete containing limestone aggregate,
the values can be as low as 7 x 10°8°C and 9 x 10°5/°C respectively.

2.3.2.2 Reinforcing and prestressing steel: The design stress-strain curves
may be taken as follows:

(a) for reinforcing steel from Figure 2, using the value of y_ givenin 2.3.3;
(b) for prestressing steel, from Figure 3 or 4, using the value of y_ given in 2.3.3.

For reinforcing stee!, the modulus of elasticity may be taken as 200 GPa for both
short-term and long-term loading. For prestressing steel, the short-term and long-
term moduli may be taken from Figure 1 or 2 as the appropriate tangent modulus at
zero load.
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TABLE 4 Valuss oy, applicable to characteristic stresses for the serviceability imit state

Material Type of siress Type of construction
Reinforced Presiressed
concretle concrete

Concrete Triangular or near- 1,00 1,25

triangular compressive
stress distribution in
sections of approximately
uniform breadth (eg due
o bending)

Intermediate between Interpolate interpolate
triangular and uniform hetween hetwaen
compressive stress 1,00 and 1,25 and
distribution (eg due to 1,33 1,67

combined bending and axial
loading in members varying
from those with sections of
approximately uniform
breadth to those with
flanges)

Uniform or near-uniform 1,33 1,67
compressive stress

distribution (eg in all

sections due to axial

loading or in wide flanges

of beams and box girders

due to bending)

Tension Not 1,25
applicable pretensioned
1,55 post-
tensioned
Relnforcement Compression % 1,00 Not
Tension J applicable
Prestressing  Tension Not Not
tendons applicable required
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It should be established that the ductility of the steel would be adequate in the event
of a redistribution of stress.

For reinforcing steel this requirement can be regarded as satisfied if the unit
elongation of the steel atfailure, measured over a length of ten diameters*, isnotless
than g,, =8 %, or measured over a length of five diameters®, is not less than
g =12 %.

For prestressing steel this requirement may be regarded as satisfied if the plastic
strain capacity is at least three times the elastic strain at yield.

2.3.3 Values of v
For the analysis of sections, the values of y_ are summarized below.

2.3.3.1 Ultimate limit state: Forbothreinforced concrete and prestressed con-
crete, the values of y_ applicable to the characteristic strengths (see 2.3.1) are 1,50
for concrete and 1,15 for reinforcement and prestressing tendons.

2.3.3.2  Serviceability limitstate: The valuesofy_applicable to the character-
istic stresses defined in 2.3.1 are given in Table 4 and have been allowed for in
deriving the compressive and tensile stresses given in Tables 2, 24, 25 and 26. For
explanatory notes see 2.1.2.3.

Z£.3.3.3  Fatigue: For reinforced concrete, the value of y_ applicable to the
stress-range limitations given in 2.7 for reinforcement is 1,00.

Analysis of Structures
A General

he requirements of methods of analysis for determining the distribution of forces
and the deformations that are to be used in ascertaining that the limit state criteria
are satisfied, are described in Part 1, Section 10.

o
&

2
2
T

2.4.2 Ultimate limit states

2.4.2.1  General: Elastic methods may be used to determine the distribution of
forces and deformations throughout the structure. Stiffness constants should be
based on the section properties as used for the analysis of the structure at the
serviceability limit state (see 2.4.3.1). However, plastic methods of analysis (eg
plastic hinge methods for beams, or yield-line methods for slabs) may be used where
such methods can be shown to model accurately the combined local and global
effects of all actions due to combinations 1 to 3, as given in Part 2. The use of such
methods should be agreed on with the responsible bridge authority.

“For deformed bars, the effective diameter = iﬁ_\_‘
T
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2.4.2.2

Methods of analysis and thelr requirements:

The application of

elastic methods of analysis, in association with the design actions for the ultimate
limit state in general, leads to safe lower-bound solutions; these may be refined, and
made less conservative, by referring to test results or specialist literature.
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FIGURE 1

STRAIN

SHORT-TERM DESIGN STRESS-STRAIN CURVE FOR CONCRETE OF NORMAL

DENSITY

" 0,67 takes into account the ratio between the characteristic cube strength and the bending

“strength in a flexural member.

The equation for the parabolic curve between ¢ = 0 and

2,44 x 10 A | e
ym

may be taken as:

1. [(5500%7
(= [ss004 )= ] e %{m:_mi E
E‘” )Ym &féf ks ;{,68 o

where ~ {  ig the stress and
£ is the strain.
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HELAXATION STEEL PRODUCTS

Bridge Design Code, Part 3
TMH7, Pretoria, South Africa, 1989



7 m
/ﬁ
P /
fﬁﬂ /
[ f‘wﬁ /
f i /
0,6 fou i /
€23 P /
o Ym / /
o / /
- / ,
(%] 4 /
/ 200 GPa FOR COLD DRAWN WIRE IN MILL COIL
/ ' g o . -
/ TAS DRAWN'" COMPLYING WITH 8% 35869 (1980)
/ - REFER SPECIFICALLY TO SECTION 2, SUBSECTION
/ P (3 {c) AMD TABLE 5.
/o 175 GPa FOR'AS-SPUN' 19~ WIRE STEEL STRAND
, . COMPLYING WITH BS 4757 [1971), SECTION 2.
AT :
~
/
/
0,00%

STRAIN

FIGURE 4

SHORT-TERM DESIGN STRESS-STRAIN CURVE FOR "AS-DRAWN" STEEL WIRE
AND "AS SPUN" STRAND

When dealing with local effects, elastic methods may be applied to derive the in-
plane forces and moments due to in-plane and out-of-plane loading; alternatively
vield-line methods may be used for local wheel loads. The details of the section
should then be designed according to Sections 3, 4 and 5, as appropriate.

2.4.3 Serviceability limii states

2.4.3.1  General: Elastic methods of analysis should be used to determine
internal forces and deformations. The flexural stiffness constants (second moment
of area) for sections of discrete members or unit widths of slab elements may be
based on any one of the following:

(a) Concretesection. The entire cross-section ofthe memberignoring the presence
of reinforcement.

{(by Gross transformed section: The entire cross-section of the member, including
the reinforcement transformed on the basis of modular ratio.

wgan,

(c) WNetlransforme dmr’fim The area of the cross-section thatis in compression,
together with the tensile reinforcement transformed on the basis of modular
ratio.

A{“mgistemammam should be usedtoth ‘{iﬁ@f‘&?”ﬁﬁ)@héﬁf ours of the various parts
of the structure. Axial, torsional and shearing stiffness constants, when required by
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the method of analysis, may be based on the concrete section, in which case they
should be used with (a) or (b).

The values of the elasticity and shear moduli should be appropriate to the charac-
feristic strength of the concrete. For torsional stiffness refer to 3.3.4.1 and 4.3.5.1.

2.4.3.2 Methods of analysis and their requirements: Ideally the method of
analysis should take into account all the significant aspects of behaviour of a
structure that govern its response to actions and imposed deformations.

in certain cases, shear lag effects may be of importance, eg in box sections and
beam-and-slab decks with flanges whose breadths are considerable in relation to
their effective lengths. An example is a cable-stayed superstructure with closely
spaced cable supports. In such cases the specialist literature should be consulted.

The effective breadths of T, L and box beams, if determined as specified in 3.3.1.2,
can be assumed to allow for shear lag effects.

2.5 Analysis of Sections

2.5.1 Design action effects

The analysis for any particular section should use the effects of the most severe
combination of actions or forces derived from the analysis of the structure. For
combinations not specifically covered in this Part, authoritative technical literature
should be consulted.

2.5.2 Ultimate limit states

The strength of critical sections should satisfy the requirements of 2.1.1 and should
be assessed in accordance with Sections 3, 4 or 5. Except for those special cases
described in 2.4.3.2, in-plane shear flexibility in concrete flanges (shear lag effects)
may be ignored.

2.5.3 Serviceability limit states

The material properties forboth steel and concrete should be those givenin 2.3.2 and
2.3.3. An elastic analysis should be carried out to ensure compliance with the
requirements of 2.1.2. Shear lag effects should be allowed for; in the absence of any
more accurate determinations (eg finite elements analyses), this may be done by
taking an effective breadth of flange as defined in 3.3.1.2.

2.6 Deflection

Deflection should be calculated from the most unfavourable distributions of loading
for the member (or slab), derived from an elastic analysis of the structure. The
material properties, stiffness constants and calculation of deflections may be based
on the information given in 2.3.2.1 or in Appendix 3.A.
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2.7 Fatigue

The effect of repeated live loading on the fatigue strength of a bridge should be
considered with respect to reinforcing bars that have been joined by mechanical
couplers or subjected to welding and, in extreme cases, with respect to unwelded
reinforcement and prestressing tendons if they do not comply with the limitations
given below. Compliance requirements for mechanical couplers shall be approved
by the responsible bridge authority.

Welding may be used to connect bars that will be subjected to fatigue loading,
provided the following requirements are met:

(a) The connections must comply with levels of workmanship approved by the
responsible bridge authority.

(b) The welded bar must not be part of a deck slab spanning between longitudinal
and/or transverse members and subjected to the effect of concentrated whee
loads in a traffic lane.

(c) The detail must have an acceptable fatigue life determined in accordance with
procedures approved by the responsible bridge authority.

(d) Lap welding must not be used.

Unless adequate test data are available and detailed fatigue calculations are
performed, using principles approved by the responsible bridge authority, the
following limitations should be applied to the stress range under combinations
1to 3forthe serviceability limit state in unwelded reinforcement and prestressing
tendons (see Tables 6 and 20 to 23):

(i) Unwelded reinforcement complying with SABS 920 (1985):
Type A (grade 250) 250 MPa
Types B and C (grade 450) 300 MPa

(i) Bonded prestressing tendons in the case of class 3 prestressed concrete
in which the minimum stress does not exceed 0,50 times the ultimate

strength:

Tendons, not deformed 200 MPa
Tendons, deformed 150 MPa
Strands 200 MPa
High-strength bars 200 MPa

The above stress limitations are based on the assumption that the probable
accumulated fatigue damage caused by repeated live loading, summed by using the
Palmgren-Miner concept, does not exceed that caused by 2 x 10° cycles of the
maximum stress range specified above. In bridges on routes with large volumes of
heavy traffic the fatigue damage may exceed this value in its useful lifetime. In such
cases the above limitations to the stress ranges for the various types of reinforce-
ment and tendons should be reduced linearly in accordance with log-log plots of
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stress ranges versus n (the number of cycles) through the above stress limitations
at n=2x10° cycles and 60 % thereof at n =2 x 10% cycles. Reference should
be made to Part 10 of BS 5400 or other specialist literature if these conditions are
not satisfied.

When interpreting the test data used to support an increase in the above values, the
minimum stress, the radius of bends, the type of end anchorage or couples and the
possibility of corrosion should be taken into account. In the case of stress reversal,
the stress range shall be the algebraic difference between the extreme values.

2.8 Combined Global and Local Effects

2.8.1 General

In addition to designing individual primary and secondary elements to resist loading
applied directly to them, it is necessary to consider what loading combination will
produce the most adverse effects due to global and local loading where these coexist
in an element.

2.8.2 Analysis of structures

Analysis of the structure may be accomplished either by a single overall analysis
(eg using finite elements) or by separate analyses for global and local effects. In the
latter case the forces and moments acting on the element as a result of global and
local effects should be combined when appropriate.

2.8.3 Analysis of sections

Section analysis for the combined global and local effects should be carried out in
accordance with 2.5 to satisfy the requirements of 2.1.

(a) Ultimate limit state: The resistance of the section to direct and flexural effects
should be derived from the direct strain due to global effects combined with the
flexural strain due to local effects. However, in the case of a deck slab, the
resistance to combined global and local effects is deemed to be satisfactory if
each of these effects has been considered separately, provided that the local

~ effects are at any time confined to a relatively small area of the slab and that the
slab as a whole has a reserve of resistance to the global effects.

(b} Serviceability limit state: Generally, in checking flexural and direct stress
limitations, coexistent stresses acting in the same direction should be added
algebraically.

For reinforced concrete elements, the total allowable crack width resulting from
combined global and local effects should be determined in accordance with
3.8.8.2.

For prestressed concrete elements, coexistent stresses, acting in the direction
of prestress, may be added algebraically in checking the stress limitations.
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3 DESIGN AND DETAILING: REINFORCED CONCRETE

3.1 General
3.1.1 Introduction

This section gives methods of analysis and design that will in general ensure that,
for reinforced concrete structures, the requirements set out in 2.1.1 and 2.1.2 are
met. Other methods may be used provided they can be shown to be satisfactory for
the type of structure or member considered. In certain cases the assumptions made
in this section may be inappropriate and the engineer should adopt a more suitable
method, having regard to the nature of the structure in question.

3.1.2 Limit state design of reinforced concrete

3.1.2.1 Basis of design: Section 3 follows the limit state philosophy setout in
Sections 2 and 6 of Part 1 and Section 2 of this part. As it is not possible to assume
thata particular limitwill always be the critical one, design methods are given for both
the ultimate and serviceability limit states.

In general, the design of reinforced concrete members is governed by the ultimate
limit state, but the limitations on crack width and, where applicable, stresses at the
serviceablility limit state given in 2.1.2.3 should also be met.

Where a plastic method or redistribution of moments is used for analysis of the
structure at the ultimate limit state, or where critical parts of the structure are
subjectedto the "extreme” or "very severe" category of exposure, the design is likely
to be governed by the serviceability limit state of cracking.

3.1.2.2  Durability: [n 3.8.2, guidance is given on the minimum cover fo rein-
forcement that should be provided to ensure durability.

3.1.2.3 Other limit states and considerations: Section 3 does not make rec-
ommendations concerning vibration or othef limit states. For these and other con-
siderations, reference should be made to 2.1.2.2 and 2.1.3.

3.1.3 Actions and resistance

In Section 3 the design action effects or design load effects, including the effects of
imposed deformations and restraints (see 6.3 of Part 1) for the ultimate and
serviceability limit state, are referred to as "ultimate actions” or "ultimate loads" and
"service actions” or "service loads" respectively.

The values of the "ultimate actions” or “ultimate lpads”™ and "service actions” or
"service loads" to be used in design are derived from Part 2 and 2.2 of thisPart.

Bridge Design Code, Part 3
26 TMH7, Pratoria, South Africa, 1989



In Section 3, when analysing sections, the terms "strength” “resistance" and
“capacity" are used to describe the design strength of the section for the ultimate limit
state (see 6.4 of Part1).

3.1.4 Strength of materials

3.1.4.1  Definition of strengths: In Section 3 the design strengths of materials
for the ultimate limit state are expressed in all the tables and equations in terms of
the characteristic strength of the materials. Unless specifically stated otherwise, all
equations, figures and tables include allowances for v, the partial safety factor for
material strength.

3.1.4.2 Characteristic strength of concrete: The characteristic 28-day cube
strengths of concrete that may be specified for reinforced concrete as given in Table
5 together with their related characteristic cube strengths at other ages. The values
given in Table 5 do not include any allowance for y_.

Design should be based on the 28-day characteristic cube strength and, if appropri-
ate for any specificloading combination, on the characteristic strength given in Table
5 for the age at which loading takes place. :

TABLE 5 Strength of concrete (ordinary Portland Cement) Sl o
Characteristic cube Characteristic cube strength (in MPa) at
Grade strength (in MPa) the age of
f  at 28 days
7 days 2 mths®* 3 mths* 6 mths* 1 year®
20 20,0 13,5 22,0 23,0 24,0 25,0
25 25,0 16,5 27,5 29,0 30,0 31,0
30 30,0 19,0 32,0 34,0 35,0 36,0
40 40,0 27,0 42,5 44,0 46,0 48,0
50 50,0 35,0 52,5 54,0 56,0 58,0

" Increased strengths at these ages should be used only if it has been demonstrated to the
satisfaction of the engineer that the materials to be used are capable of producing these
higher strengths.

3.1.4.3 Characteristic strength of reinforcement. The design should be
based on the appropriate characteristic strength of reinforcement given in Table 6,
or a lower value if necessary to reduce deflection or control cracking. The values
given in Table 6 do not include any allowance for vy, .
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TABLE & Strength of reinforcement, complying with SABS 920 - 1985

Specified 5%
Mominal sizes characteristic vield
Designation {rnm) strength f
{(MPa) |
Type A
Hot-rolled mild steel bars g, 8,10, 12, 16, 250
of plain round cross-section 20, 25, 32, 40
Type B
Hot-rolled mild steel deformed As above 450
bars, cold worked (0 increase
the yield stress
Type C
Hot-rolled high-vield-stress As ahove 450
steel deformed bars
3.2 Structures and Structural Frames

3.2.1 Analysis of structures
Structures should be analysed in accordance with the recommendations of 2.4.

3.2.2 Redistribution of moments

Redistribution of moments obtained by rigorous elastic analysis under the ultimate
limit state may be carried out, provided the following conditions are met:

(a) Checks must be made to ensure that there is adequate rotation capacity al
sections where moments are reduced, making reference to appropriate test
data.

in the absence of a special investigation, the plastic rotation capacity may be
taken as the lesser of:

() 0,008+0035 0,5~
or

o 069

iy -

i 5=

but not less than 0,0 or more than 0,015
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where d_ isthe calculated depth of concrete incompression atthe ultimate limit
state

d, isthe effective depth for a solid slab or rectangular beam, otherwise
the overall depth of the compression flange

¢ is the diameter of the smallest tensile reinforcing bar
d is the effective depth to tension reinforcement.

{b) Proper account must be taken of the changes in transverse moments, trans-
verse deflections and transverse shears that will be brought about by the
redistribution of longitudinal moments. Thisis done by means of a specialinves-
tigation based on a non-linear analysis.

(c} Theshears andreactions usedindesign must be those calculated either before
or after redistribution, whichever are the greater.

(d) Where the depth of the members or elements considered is greaterthan 1,0 m,
the degree of distribution should be proportionally reduced, with no redistribu-
tion for depths greater than 1,5 m unless appropriate test data are available.

3 Beams
3.3.1 General
3.3.1.1  Effective span: The effective span of a simply supported member
should be taken as the smaller of:

(a) the distance between the centres of bearings or other supports;
or
{b) the clear distance between supports plus the effective depth.

The effective span of a member framing into supporting members should be taken
as the distance between the shear centres of the supporting members.

The effective span of a continuous member should be taken as the distance between
the centres of supports, except in the case of beams on broad supports when the
effect of support breadth should be included in the analysis.

The effective length of a cantilever should be taken as its length from the face of the
support, plus half its effective depth or its length to the centre of the support
(whichever is the smaller). Where the cantilever is an extension of a continuous
beam, the length to the centre of the support should be used.

3.3.1.2 Effective breadth of flanged beams: [nanalysing structures and sec-
tions at the ultimate state, the effective flange breadth for a T, L or box-beam may
be taken as the actual breadth of the flange except for those cases referred to in
2.4.3.2. Inanalysing sections at the serviceability limit state, shear lag effects should
be allowed for. However, in the absence of any more accurate determination, the
effective flange breadth of acontinuous beam may be taken as the breadth ofthe web

Bridge Design Code, Part 3
TMH7?, Pretoria, South Africa, 1989 29



plus one-tenth of the distance between points of zero moment in the beam (or the
actual breadth of the outstand of the flange, if this is less) on each side of the web.

For this purpose, in the absence of any more accurate determination, the points of
zero momentin a continuous beam may be taken to be at a distance of 0,15 times
the effective span from the support.

3.3.1.3  Slenderness limits for beams: To ensure lateral stability, a simply
supported or continuous beam should be so proportioned that the clear distance
between lateral restraints does not exceed 60b_ or 250b2/d, whichever is the
smaller,

where b, is the breadth of the compression face of the beam midway m‘zww@n
restraints

where d is the effective depth measured from the centroid of the tension stesl to
the extreme compression fibre

For cantilevers with lateral restraint provided only at the support, the clear distance
from the end of the cantilever to the face of the support should not exceed 25b_or
100b2/d, whichever is the smaller.

3.3.2 Resistance moment of beams

3.3.2.1  Analysis of sections: When assessing the strength of sections at the
ultimate limit state, the following assumptions should be used:

(a) Plane sections are assumed to remain plane when the strain distribution in the
concreteincompression and the strainsin thereinforcement, whetherin tension
or compression (s being derived.

(b} The stresses in the concrete in compression can be derived from the stress-
strain curve in Figure 1 withy =15
(c) The tensile strength of the concrete can be disregarded.
(d) The stresses in the reinforcement can be derived from the stress-strain curve
in Figure 2 withy = 1,15,
Alternative procedures may be adopted, namely
either (i) The ultimate momentofresistance isdetermined by taking the maximum
concrete strain at the outermost compression fibre at failure as 0,0035. if
the ultimate moment of resistance is found to be less than 1,15 times the

required value, the section should be proportioned such that the strain at
the centroid of the tensile reinforcement is not less than:

f.
0,002 4
i EY,

where E_ is the modulus of elasticity of the sieel.
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In the case of rectangular sections and in flanged, ribbed and voided
sections where the neutral axis lies within the flange, assumption (b) may

- be adapted so that the compressive stress is taken to be equal to 0,4f_
over the whole compression zone.

(ify the strains in the concrete and the reinforcement caused by the applica-
tion of ultimate loads are calculated. The calculated strain at the outer-
most compression fibre of the concrete should not exceed 0,0035. In
addition, the section should be proportioned such that the strain at the
centroid of the tensile reinforcement is not less than

f

y

E.v,

Stm

0,002 +

except where the requirements for the calculated strain in the concrete,
due to the application of 1.15 times the ultimate loads, can be satisfied.

inthe analysis of a cross-section of a beam that has to resist a small axial thrust,
the effect of the ultimate force may be ignored if the force does notexceed 0,1f_
times the cross-sectional area.

Note: Deep beams: Deep beams are defined as having a /:h ratio of less
than approximately 3 for continuous beams or 2 for simply supported beams
(where lis the effective span). The assumption thatplane sections remain plane
when the beam is subjected to bending does not hold for deep beams, so that
the formulae developed for beams in this Code are not accurate. The transition
to a deep beam for decreasing span-to-depth ratios is gradual and specialist
literature should be consulted for methods of calculating the non-linear longitu-
dinal and shear strain distributions, and for adequate detailing of the reinforce-
ment. The distribution of the applied loads is significant, especially with large
concentrated loads near supports.

3.3.2.2  Design charts: The design charts that form Parts 2 and 3 of the BS
Code of Practice - CP 110 (1972)include those based on Figures 1 and 2 as well as
on various assumptions that do not fully comply with the requirements of this Code.
The charts may nevertheless be used for the design of beams reinforced for tension
only or for tension and compression, but the calculations must be checked for
compliance with the additional requirements of this Code for minimum strain in the
tensile reinforcement.

3.3.23 Designformulae: Providedthattheredistributionofthe elasticultimate
moments has amounted to less than 10 %, the formulae given below may be used
1o calculate the ultimate moment of resistance of a solid slab or rectangular beam,
or of a flanged beam, or of a ribbed or voided slab when the neutral axis lies within
the flange.
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For sections without compression reinforcement, the ultimate moment of resistance
may be taken as the small of the values obtained from Equations 1 and 2. Equations
3 and 4 may be used for sections with compression reinforcement.

A rectangular stress block of maximumdepth 0,5d and a uniform compressive stress
of 0,4f_ has been assumed.

M, = (087()AZ oo ST S (1)
M, = 0,15f D02 . oo e (2)
M, = 0,15( 5% + 0,72f AL(d - T') oooororiricreorsscescricccrccree e (3)
(0.87F)A, = 0,2(,,0d + 0,720 AL . oooooiiiiiiiiieireecesecscerer e (4)

where M is the ultimate resistance moment

f, s the characteristic yield strength of the reinforcement

A_ s the cross-sectional area of tension reinforcement

z isthelever arm

f..isthe characteristic cube strength of concrete

b is the breadth of the section

d is the effective depth to the tension reinforcement

A_ isthe cross-sectional area of compression reinforcement
d" is the depth to the compression reinforcement.

When d'/d is greater than 0,2, Equation 3 should not be used and the moment of
resistance should be calculated as described in 3.3.2.1.

The term 0,72f in Equations 3 and 4 is a simplification of the expression

o * 5000

shown in Figure 2.
The lever arm, z, in Eguation 1, may be calculated from the equation:

The value of z should not be taken as greater than 0,95d.

The ultimate moment of resistance of a flanged beam may be taken as the lesser of
the values given by Equations 6 and 7, where h is the thickness of the flange:

My = (0.87F)A_ (0 = NJ2) wooovoooiceceeeeeesese e (6)

™

M, = 0,48 BN(0 = NJ2) oo e (7
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Where it is necessary for the moment of resistance to exceed the value given in
Equation 7, the section should be analysed as described in 3.3.2.1.

3.3.3 Shear resistance of beams

3.3.3.1  Shear stresses and shear reinforcement in beams (for deep beams
seenote in3.3.2.1): The shear stress, v, at any cross-section in a beam should be
calculated from: ‘

where V is the shear force due to ultimate loads

b isthe minimum breadth of the section (within the effective depth d) which,
foraflanged beam, should be taken as the minimumrib breadth. Ifthe web
or the rib contains bars with diameters ¢, greater than b/8, b should be
reduced by 3X¢,

d is the effective depth to tension reinforcement.
Shear reinforcementin the form of links, or links combined with bent-up bars, should
be provided in accordance with the following:

A > A (9a)

- 0,87f (cot8, +cotd,)sin B,

provided that, to satisfy minimum reinforcement requirements, it is assumed that

VKRGV 40,4 MPa . (8b)

where v is expressed in MPa

A_ isthe sumof the cross-sectional areas of the legs of a link or a composite
link
s, is the spacing of the links along the beam

¥

K, is a coefficient that varies linearly from 1,0 forv = Ev.t00,0forvz 3E. V.

v, the ultimate shear stress, and the depth factor §_are givenin Tables 7 and
8 respectively

f,. Is the characteristic strength of the link reinforcement, which should not
be taken as more than 450MPa

8. is the assumed inclination of web compression due to shear to the

centre line of the beam, eg for a horizontal prismatic beam 6, is the

inclination to the horinzontal. 8, should be prudently chosen within limits

so that ¥ £ cot® £ °/, to ensure reasonable control of cracking under

service conditions. 8, may vary along the beam.

6, is the inclination of the link to the centre line of the beam, towards the
direction of the principal tensile stresses in the web. Inclined links or
stirrups are used in the range (45°¢ 8, < 90°).
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VALUES OF k,

When links are used for shear reinforcement, the spacing of the legs in the direction
of the span should not exceed 0,75d nor should the lateral spacing of the individual
legs of the links exceed 0,75d.

For sections within a distance a, < 2d from the face of a support, the front edge of
a rigid bearing or the centre line of a flexible bearing {(see Figures 6 and 7) and
enhancement of shear strength, due to the local concentration of compressive
stresses induced by the support reaction, may be allowed in determining the shear
reinforcement.

This enhancement should f‘dke the form of anincrease in the value of the termk & v,
in Equations 9a and 9d to == S Xk JEov, butshould not exceed 0,75 vf ,or475 MF‘a
whichever is the smaller.  ”

Where this enhancementis used, the main reinforcement at the section considered
should continue to the support and be provided with an anchorage equivalent to 20
times the bar size so that it can adequately resist the horizontal component of the
above-mentioned inclined compressive forces.

Gvc?_i

FIGURE 6
DEFINITION OF DIMENSION a, AT A RIGID BEARING
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FIGURE 7

DEFINITION OF DIMENSION a AT FLEXIBLE BEARING

Whatever type of shear reinforcement is provided, in no case should v, calculated

at all positions including the face of a support, exceed the value

sin 26,

vmax

where v, =0,75Vf_ butis not greater than 4,75 MPa,

TABLE 7 Ultimate shear stress, v_ in beams

1004, Stress (in MPa) at concrete grades
bd 20 25 30 40 or more

20,15 0,31 0,34 0,36 0,39

0,25 0,37 0,40 0,42 0,47

0,50 0,47 0,50 0,53 0,59

1,00 0,59 0,63 0,67 0,74

2,00 0,74 0,80 0,85 0,83
23,00 0,85 0,91 0,87 1,06

Table 7 is derived from the following relationship:

1

=}

Y, L bd

027 EOOAJCU 3

;g

where v_ Is taken as 1,25 and f_, should not exceed 40 MPa for the higher grades

of concrete.
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TABLE 8 Values of depth factor &,

Efiective depth, d Depth factor, &

2 000 or more 0,70

1 500 0,75

1 000 0,85
500 1,00 |
400 1.05 |
300 1,15
250 1,20
200 1,25
150 1,35

< 100 1,50

Table 8 is derived from the following relationship:

500 :
E, = < . }‘* or 0,70, whichever is the greater.

The term A_in Table 7 is that area of longitudinal tension reinforcement that
continues beyond the section being considered for at least a distance equal to the
effective depth, except at supports where the full area of tension reinforcement may
be used provided the requirements of 3.8.7 are met. Near points of contraflexure
where both top and bottom reinforcement are present, amoment associated with the
shear force being considered will have been calculated; the value taken for A_ will
depend on the sign of this moment which determines which reinforcement is acting
as the tensile reinforcement. The shear forces associated with both the hogging
bending moments and the sagging bending moments should be considered.

Whp links are used, the area of additional effectively anchored longitudinal
einforcement AA_ provided in the tensile zone” (additional to any reinforcement

r@qmred 1o resist bending and axial tensile forces) should be
V(cot B, —cot8) Sc

AR 3 e e \
< 2T 2(0871 ) (5¢)

where V.8_and 8 are as define ywd above

f, is the characteristic strength of the longitud inal reinforcement which
should not be taken as greater than 450 MPa.

Where links at right angles to 1‘“‘1@ tre line of the beam are used {which will for
horizontal beams be vertical, NQO%;, chge‘merwﬁh an assumed inclination of
compressive forces 0_ = 45°, %gdtiﬂ s 9a, 9b and 8¢ reduce to:

oo,y
bs (v —K,E.v,)

~ z
jiaj Fiyv

Shear reinforcement A z

*see also 3.8.6.2 and 3.8.7.
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In order to satisfy minimum reinforcement requirements, it is assumed that

Vm KEV, £ 0,4 MPA oo (9e)

ang

Equations 9a, 9b and ¢ should be used for special cases, in particular where
combined shear and torsion are involved.

Where links combined with bent-up bars are used for shear reinforcement, not more
than 50 % of the shear force (v - K £ v, )bd should be resisted by the bent-up bars.
These bars should be assumed to form the tension members of one or more single
systems of lattice girders in which the concrete forms the compression members.
The maximum stress in any bar should be taken as 0,871 . The shear resistance at

any vertical section should be taken as the sum of the vemcal components of the
tension and compression forces at the section, which is equivalent to using
Equations 9a and 9b with appropriate inclination values. Bars should be checked for
anchorage (see 3.8.6.3) and bearing stress (see 3.8.6.8).

3.3.3.2 Hangerreinforcementforbottom-loaded beams: Whereshearforces
from supported beams are transferred at the junction with a bearing beam at a level
below or partially below the neutral axis of the beam, adequate hanger steel should
be provided to transfer the total shear load etfectively into the compression zone of
the bearing beam. The hanger steel can, however, be reduced by the ratio - if the
overall depth h, of the supported beam is smaller than the depth h, of the bearmg
beam provnded thatthe top surfaceofthetwobeamsisatthesame !evel The hanger
reinforcement should consist of inclined hanger bars or stirrups anchored around the
main reinforcement of the bearing beam. The main reinforcement in the supported
beam shall be placed above that of the bearing beams, as shown in Figure 8.

—— ACDITIONAL MANGER REINFORCEMENT

b Tpe

FIGURE 8
HANGER REINFORCEMENT
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3.3.3.3 Members subjected to axial loads: For a member subjected to an
ultimate axial compression load N (in newtons), the values in Table 7 may be
multiplied by

N 1

B, = [1 +0,10 = (1~ “g@:;ﬂ 2 e (9g)

[+

where A_ s the area of the entire concrete section in mm?

e, isthe eccentricity of an axial load that results in zero stress (decompres-

sion) at an extreme fibre of the section under consideration, eg for a
rectangular section of total depth e_ = {

e isthe eccentricity of the axial load N that would cause a moment equal to
that due to the applied design loads at the section under considera-
tion.

The axial compression load N is taken into account at its design value using partial
load factors corresponding to the favourable effect, ie. y, =7, £1,0.

For a member subjected to an axial tensile load, the value of v_ shall be zero.

For axial tensile loads less than 0,12f_.A_(in newtons), the steel links shall be
designed to take the total shear force, using Equations 9d to 9f (with v_ = 0). Additional
longitudinal steel reinforcement (additional to that resisting the tensile load) shall be
placed transversely to the legs of the links distributed through the depth of the beam
to form a mesh. This additionallongitudinal reinforcement shall be increased linearly
to compose from notless than 20 % of the amount of shear reinforcement at a tensile
load 0f 0,2x0,12F_ .A_upto 100 % at0,12Vf_.A_. In this context the amount of shear
reinforcement is defined by the sum of the cross-sectional areas of the legs of the
shear links within a length of beam equal to 2/, of the total depth,

For axial tensile loads greater than Q,'in/fjuAc, the design shall be based either on
proven research or on a series of specific tests to be approved by the responsible
bridge authority. The axial tensile load is taken into account atits design value using
partial load factors corresponding to the adverse effect, ie y, =7, 2 1,0.

3.3.3.4 Elements of variable effective depth: For the determination of the
shear resistance of members with variable effective depth, the components of the
flange forces and reinforcement forces parallel 10 the shear should be taken into
accountiftheir effectis unfavourable. They may also be taken into account however,
if their effect is favourable.

3.3.4 Torsion
3.3.4.1 Torsional stiffness; Where the torsional resistance and stiffness of
members with solid or closed hollow sections (box-sections) are taken into account
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in the analysis and design of the structure, the torsional rigidity (G x C) of a
member may be obtained by assuming that the shear modulus G is equal to
0,4 times the modulus of elasticity of the concrete, and that the torsional coefficient
C is equal to half the St Venant value for pure torsion calculated for the uncracked
plain concrete section. Where torsion is resisted by open sections consisting of two
or more interconnected planar elements (thin walls or slabs in separate planes, but
approximately parallel to a single axis such as a deck slab and tow or more thin
webbed beams which do not form a closed box section), warping will take place and
large deflections and/or stresses may occur. Specialist literature should be con-
sulted.

3.3.4.2 Torsionofsecondaryimportance: Where torsiondoes notdecide the
dimensions of members, torsional design may be carried out as a check, after the
flexuraldesign. Thisis particularly relevant to some members in which the maximum
torsional moment does not occur under the same loading as the maximum flexural
moment. In such circumstances, reinforcement in excess of that required for flexure
and other forces may be used as part of the torsion reinforcement, if required.
Torsionalmoments caused by the restraint of angular rotation by adjacentmembers,
and which are not necessary for equilibrium, may be neglected in ultimate limit state
calculations provided that experience or analysis has shown that torsion will play
only a minor role in the behaviour of the structure.

3.3.4.3 Stresses caused by and reinforcement for pure torsion (5t Venant
torsion): Where torsionin asectionsubstantially increases the shear stresses, the
torsional shear stress should be calculated, assuming a plastic stress distribution.
The following stress limits mustcomply with the requirements of 3.3.4.6 for combined
effects. Where the torsional shear stress, v,, exceeds the value v . from Table 9,
reinforcement should be provided. In no case should v, exceed the value v, sin 28,
where v, is given in Table 9 and 6, is defined in 3.3.4.4. Nor, in the case of small
sections (y, < 550 mm), should v exceed v, y,/550, wherey, is the larger centre-line
dimension of a link. The values v, in Table 9 are derived from the formula 0,75V,
but may not be greater than 4,75 MPa.

Torsion reinforcement should consist of rectangular or polygonal links effectively
closed (see also 3.8.6.5), together with longitudinal reinforcement. The closed links
shall be of a type similar to those shown as Code 74, Links, in SABS 82 (1876) (see
Figure 9) orthose shown as Code 60 (see Figure 10), inwhich case the requirements
of 3.8.6.5 shall apply. This reinforcement is additional to any required for shear or
bending.

The member should be analysed with the assumption that the closed links and
longitudinal reinforcement form a thin-walled tube in conjunction with the peripheral
concrete, in which the shear stresses are balanced by longitudinal and transverse
forces provided by the resistance of the reinforcement.
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FIGURE 9 FIGURE 10
CLOSED LINKS FOR TORSION REINFORCEMENT

3.3.4.4  Treatment of various cross seclions:
(a) Rectangular sections: The torsional stresses should be calculated from the
equation:
a
‘ he th —h  /3)

min max miun

where T isthe torsional moment due to the ultimate loads
h_. s the smaller dimension of the section

h... is the larger dimension of the section.
Taorsion reinforcement should be provided such that:

A . T-T ﬁ
Loz RN OP RO RTRURPRPY (11)
S, 1,6x,y,.(0,87f )cot §,
2A, ] :
ALz — g DO+ Y COP0 L (12)
sl S, 1 wd !

where A_ is the cross-sectional area of one leg of a closed link provided at
a section to resist torsion
T , isthetorsionresisted by concrete only andis derived frorm Equation
10 by substituting T_, for T and equating v with kv . where k,
varies linearly
I <
from1,0forv, sv .
to 0,0 for v,z 3v, (see Figure b)
s, Isthe spacing of the links
X, isthe smaller centre-line dimension of the links
y, isthe larger centre-line dimension of the links

f isthe characteristic strength of the links
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8, s the assumed angle of inclination of the compressive forces due
to torsion with the centre line of the relevant beam surface at the
section under consideration, as illustrated in Figure 11. ,

A, isthesumofthe cross-sectional areas of longitudinal reinforcement

provided at a section for torsion
(s the characteristic strength of the longitudinal reinforcement.

FIGURE 11

ASSUMED TORSIONAL SYSTEM SHOWING INCLINATION OF COMPRESSIVE
FORCES

8, should be prudently chosen within limits so that */; < cot 6 £ %/, to
ensure reasonable control of cracking under service conditions. 8,
may vary alongthebeam.Ingeneral, it may be assumed to be equal
to 45° so that cot 6, reduces to 1,0. '

In Equation 12,f andf  should not be taken as greater than 450
MPa.

(b} T, Landl-sections:Such sections should be divided into component rectangles
for purposes of torsional design. This should be done in such a way as to
maximize the function 2.(h__ h° . ) where h__ and h_._ are the larger and

max min) max

smaller dimensions of each component rectangle. Each rectangle should then
be considered to be subject to a torque:
T(h R )

max  min

S(h R )

max  min
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Reinforcement should be so detailed as to tie the individual rectangles together.
Where the torsional shear stress in aminor rectangle is less thanv, . notorsion
reinforcement needs to be provided in that rectangle.

tmin’

Box sections: Box sections may be treated in the same way as rectangular
sections, except that the torsional shear stress should be calculated as:

V= /2R, A, o (108)

where hwa is the thickness of the wall at which the stress is determined
A, is the cross-sectional area enclosed by the median wall line.

The reinforcement derived from Equations 11 and 12 for large thin-walled box
sections may, however, be more than is actually required. In such cases
Fquations 11 and 12 may be modified as follows:

Ast T- Tcd
e 2 e (11a)
8, 2A,(0,87f )cot B,
where T_, isthe torsion resisted by concrete only
= 2Kvtvtm«ﬂhwO’AO
where Kk, varies linearly from 1,0 forv, = v
to 0,0 forvt z 3v_.
/S\ Agi YV U 2 9 {»E o
sl 2 ';*;" ;{r;“‘: OCO{ [ e 2a)

where U, = perimeter of A_.
The detailing requirements of 3.3.4.5 should still be observed.

See 3.3.4.6 for the combined effects of torsion and shear in flanges and webs
of box-beams.

Polygonal solid sections: Polygonal solid sections that cannot be efficiently
divided into componentrectangles can be treated as equivalenthollow sections
with an effective wall thickness

where d_, isthe diameter of the largest circle that can be contained within U .

U isthe length of the mean polygonal perimeter which is defined by
the median lines of the effective walls and encloses a cross-
sectional area A_,. Longitudinal reinforcement shall be positioned in
each corner atthe intersection of the median lines, on oroutside the
perimeter of the cross-sectional area A_,, provided that minimum

cover of closed links is maintained.

af
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LONGITUDINAL REINFORCEMENT

FIGURE 12
EQUIVALENT HOLLOW SECTION FOR POLYGONAL SOLID SECTION

Equations 10a, 11a and 12a apply where
hef = hwo aﬂd Aef = Ao

TABLE 9 Ultimate torsional shear siress

Stress (in MPa) at concrete grades

20 25 ‘ 30 40 or more
terin O,BO 0,33 0,37 0,42
3,35 3,75 4,10 4,75

3.3.4.5 Detailing: Care should be taken during detailing to prevent failure
caused by the diagonal compressive forces in adjacent faces of a beam spalling the
corner of the section. The closed links should be detailed to have minimum cover,
and a pitch less than the smallest of (x, + y,)/4 for rectangular links (or U /10 for
polygonal links), 16 longitudinal corner bar diameters or 300 mm. The longitudinal
reinforcement should be positioned uniformly and in such a way that there is at least
one barateachcorner of the links. The diameter of the corner bars should be notless
than the diameter of the links. The designer should note that, by increasing the
amount of longitudinal reinforcement, the ductility of the cross-section may be
reduced under some load conditions in which the most serious torsional and bending
moments do not occur simultaneously.

3.3.4.6 Combined effects

Axial and/or torsion and bending stresses: In detailing the longitudinal reinforcement
to cater for torsional stresses, those areas of the cross-section that are subject to
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simultaneous flexural and axial compressive stresses may be takeninto account and
alesseramountofreinforcement provided. The reduction in the amountor reinforce-
ment in the compressive zone may be taken as:

Reduction in steel area = —e oot

where f_ isthe average compressive stress in the axial and/or flexural compres-
sive zone

A_,, is the area of section subject to axial and/or flexural compression.

in the case of beams, the depth of the compression zone used to calculate the area

of section subject to axial and/or flexural compression should be taken as twice the
wvwm the closedlinks. The area of eitherthe links or the longitudinal reinforcement
may be reduced by 20 % provided the product

for other sections, remains unchanged.

Inthe flexural tension zone, the torsional reinfarcement is additional to the reinforce-
ment required for the axial or flexural tension.

Torsion and shear: The simultaneously applied torsion T and shear V due to ultimate
loads must fulfil the condition

n

?;Ig . E".j 2 T (13)
’j .

u Y =

where the exponents n dependon the geometry of the cross-section, the percent-
age and location of the steel, and the material Si”%&&ée@
and are usually less than 2 mt should conservatively b
taken as 1 unless reliable data supporting the use of zﬁhe
higher value are available.

where T andV, are the corresponding ultimate torsional and ahéarwpac
ties respectively at the section under consideration, pr
i

L if
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T., the torsional capacity due to concrete only, as defined
in 3.3.4.4, must be reduced by a factor

ve

VitV

andv_, =K £ v bd, the shear capacity due to concrete only
(see 3.3.3.1), must be reduced by a factor

v
Vi+V

and provided also thatv, + v £ v__ sin 26..

Provided that the torsion and shear reinforcements are
calculated separately and added together the require-
ments of Equation 13 need apply only to the ultimate,
torsional and shear resistances of the concrete calculated
for the relevant sectional properties and the maximum
allowed shear stresses v,, and v__ _respectively. (See
3.1.3 for definitions.)

3.3.5 Longitudinal shear
For flanged beams, the longitudinal shear resistance of the flange and of the flange/
web junction should be checked in accordance with 5.4.2.3.

3.3.6 Deflection in beams
Deflection may be calculated in accordance with the provisions of Section 2.

3.3.7 Crack control in beams
Flexural cracking in beams should be controlled by checking crack widths in
accordance with 3.8.8.2.

3.4 Stabs

3.4.1 Moments and shear forces in slabs

Moments and shear forces in slab bridges and in the top slabs of beam-and-slab,
voided slab and box-beam bridges may be obtained from a general elastic analysis,
or from particular elastic analyses such as those developed by Westergaard or
Pucher. Alternatively, Johansen's yield-line method may be used to obtain the
required ultimate moments of resistance, provided that the requirements of 2.4.2.1
are met,

The effective spans should be in accordance with 3.3.1.1.
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In slabs that are well restrained against horizontal deflection at the boundaries, the
augmented resistance to live loads by compressive membrane or arching action
may, however, be takeninto accountin the analysis, provided the assumptions made
are based on provenresearch and are approved by the responsible bridge authority.

3.4.2 Resistance moments of slabs

The ultimate resistance moment in the direction of reinforcement may be determined
by the method givenin3.3.2. lf reinforcement is to be provided to resist a combination
oftwo bending moments and a twisting moment at a pointin aslab, allowance should
be made forthe factthatthe directions of the principal moment and the reinforcement
do notgenerally coincide. Such allowance can be made by calculating the moments
of resistance in the directions of reinforcements, so that adequate strength is
provided in all directions.

In voided slabs, the stresses in the transverse flexural reinforcement due to
transverse shear effects should be calculated by means of an appropriate analysis
(eg an analysis based on the assumption that the transverse section acts as a
Vierendeel frame).

3.4.3 Resistance to in-plane forces

If reinforcement is to be provided to resist a combination of in-plane direct and shear
forces at a pointin a slab, allowance should be made for the fact that the directions
of the principal stress and reinforcement do not generally coincide. Such allowance
can be made by calculating the required forces in the directions of reinforcement, so
that adequate strength is provided in all directions.

3.4.4 Shear resistance of slabs
3.4.41  Shear stresses in solid slabs : General: The shear stress, v, at any
cross-section in a solid slab should be calculated from:

where V is the shear force due to ultimate loads
b is the width of the slab under consideration
d is the effective depth

No shear reinforcementis required when the stress, v, is less than £_v_ where £_has
the value shownin Table 8 and v_is obtained from Table 7. An enhancementin shear
strength may be allowed for sections within a distance a, < 2d from the face of a
support as forbeams (see 3.3.3.1). The shear stress, v, in a solid slab less than 200
mm thick shouid not exceed & v .
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In solid slabs atleast 200 mm thick, when v is greater than £ _v_, shear reinforcement
should be provided as for a beam (see 3.3.3) except that the space between links
may be increased to d.

The maximum shear stress, v_,, due to ultimate loads should not exceed 0,75+f_

' i max!

or 4,75 MPa, whichever is the smaller.

In calculating shear stresses in slabs, any non-uniform distribution of shear forces
along the breadth being considered should be allowed for. However, the reduction
in peak values due to lateral spreading of concentrated or non-uniform loads may be
taken into account, provided the assumptions made are supported by a theoretical
analysis or by experimental test results. The dispersal of wheel loads through
surfacing should be taken only to the top surface of the concrete slab and not down
to the neutral axis.

3.4.4.2 Shear stresses in solid slabs under concentrated loads (including
wheel loads): The critical section for calculating shear should be taken on a
perimeter 1,5d from the boundary of the loaded area, as shown in Figure 13, case
(a), where d_and dy are the effective depths to the flexural 1ensile reinforcement in
the respective directions.

Where concentrated loads are applied to a cantilever slab or near unsupported
edges, the relevant portions of the critical section should be taken as the worst case
from (a), (b) or (c) of Figure 13. The dimensions e, and e, are the distances in the
X andY directions respectively between the relevantedge ofthe load and the paraliel
unsupported edge of the slab. For a group of concentrated loads, adjacent loaded
areas should also be considered singly and in combination, using the recommenda-
tions given below.

A circular loaded area should be equated with a square of equal area.

No shear reinforcement is required when the ultimate shear force, V, due to
concentrated loads, is less than the ultimate shear resistance of the concrete, V,
at the critical section, as given in Figure 13.

The overall ultimate shear resistance at the critical section should be taken as the
sum of the shear resistance of each portion of the critical section. The value of

100A,
b,d

S

iobe usedin Table 7 foreach portion should be derived by considering the effectively
anchored flexural tensile reinforcement associated with each portion, as shown in

Figure 13.

in solid slabs at least 200 mm thick, where V has a value between V_ and the
maximum shear resistance (based ona maximum shear stressv,_, givenin3.4.4.1),
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an area of shear reinforcement should be provided on the critical perimeter and
similar amount on a parallel perimeter at a distance of 0,75d inside it, such that:

A, (0,871 )

04MPa s 2 1 Y S G KEV, ] B (15)

2

A

where Zﬁaw is the area of shear reinforcement

f,, Isthecharacteristicstrength ofthe shear reinforcement which should be
taken as not greater than 450 MPa.

2.4 18 the area of critical section

H

K, isasdefinedin 3.3.3.1.

Values for shear stress should be calculated on perimeters progressively 0,75d
away fromthe critical perimeterandifk £ v_continues to be exceeded, further shear
reinforcement should be provided on each perimeter in accordance with Equation
15, substituting the appropriate values forvand %, ,. Shear reinforcement should be
considered effective only in those places where the slab depth is greater than or
equal to 200 mm. Shear reinforcement may be provided in the form of vertical or
inclined links anchored at both ends by passing around tne main reinforcement.
Links should not be spaced further apart than 0,75d and, if links at 6, are used, the
area of shear reinforcement obtained from Equation 15 should be divided by the
factor

{{1 +cotg)sina].

When openings in slabs and footings (see Figure 14) are located at a distance less
than 6d from the edge of a concentrated load or reaction, then that part of the
periphery of the critical section that is enclosed by the radial projections of the
openings to the centroid of the loaded area should be considered ineffective.

/OPEMNGS

\/\‘

CRITICAL SECTION

o — 0»

LOADED AREA

FIGURE 14
OPENINGS IN SLABS
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Where one hole is adjacent to the column and its greatest width is less than one-
quarter of the side of the column or one-half of the slab depth, whichever is the
smaller, its presence may be ignored.

3.4.4.3 Shearinvoided slabs: The longitudinal ribs between the voids should
be designed as beams (see 3.3.5 and 5.4.2.3) to allow for the shear forces in the
longitudinal direction, including any shear due to torsional effects (see 3.3 .4).

The top and bottom flanges should be designed as solid slabs (see 3.4.4.1), each
to carry a part of the global transverse shear forces and any shear forces due to
torsional effects. The top flange of a rectangular voided slab should be designed to
resist the punching effect of whee!l loads (see 3.4.4.2). Where wheel loads may
punch through the whole slab, this should also be checked.

3.4.5 Deflection of slabs
Deflections may be calculated in accordance with the provisions of Section 2.

3.4.6 Crack cs:mtmﬁ in slabs
- Cracking in slabs should be checked in accordance with 3.8.8.2.

3.5 Columns

3.5.1 General

The subsections in this section give approximate methods, based on a number of
assumptions, for assessing the strength at the ultimate limit state of prismatic
columns with symmetrical cross-sections approximating to square, rectangular or
circular shapes. The methods may be used only if the assumptions are valid for the
case being considered and provided the effective height isdetermined with commen-
surate accuracy.

These methods are generally conservative and th@ analysis may be extended and
refined by using more accurate methods based on fundamental principles that take
all relevant actions and effects into account. Such refinements would be necessary
in the case of columns that do not comply with all the assumptions of these clauses,
and in the case of columns with non-symmetrical cross-sections or varying {non-
prismatic) shapes.

f

Where a more rigorous analysis is warranted, the long-term effects of creep and
shrinkage should be assessed. For columns subiect to bending moments, the
serviceability limit state for cracking given in 2.1.2.1(a) should be met. Where the
greater lateral dimension of the cross-section @f 2 g@manm ar column is more than
or equal to four times its lesser lateral dimension, the reinforcement should be
designed in accordance with 3.6.
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3.5.1.1 Shortand slendercolumns : Definitions: A column should be consid-
ered as short if the ratio /_:h in each plane of buckling is less than 12.

where [, is the effective height in the plane of buckling under consideration and

h isthe depth of the cross-section in the plane of buckling under considera-
tion. ‘

It should otherwise be considered as slender.

3.5.1.2  Effective heightofacolumn: The effective height,/ , ina given plane
may be obtained from Table 10 where /_ is the clear height between end restraints.

The values given in Table 10 are based on the following assumptions:

(a) The rotational restraint is at least 4(El)//, for Cases 1, 2 and 4 to 6, and
8(El) /1, for Case 7, (El)_ being the flexural rigidity of the column cross-section,
ie the integrated products of the equivalent moduli of elasticity of the material
components and the moment of inertia of the corresponding component
sectional areas.

(b) The lateral and rotational rigidity of elastometric bearings is zero.

Where amore accurate evaluation of the effective heightis required or where the end
stiffness values are less than those givenin (a), the effective height should be derived
from first principles. |

How movements under service loads are being accommodated and the method of
articulation chosen for the bridge will influence the degree of restraint to be assumed
for the columns. These influences should be assessed as accurately as possible
using engineering principles based on elastic theory, and taking into account all the
relevant factors such as foundation flexibility, type of bearings, articulation systems,
etc.

3.5.1.3 Slenderness limits for columns analysed by approximate
methods: Ineachplane of buckling the ratio /, :h should not exceed 40, except that
where the column is not restrained in position at one end, the ratio / :h should not
exceed 30.

352 Moments and forces in columns

The moments, shear forces and axial forces in a column should be determined in
accordance with 2.4, except that if the column is slender, the moments induced by
deflection should also be considered. Allowance is made for these additional
moments in the design recommendations for slender columns that follow. The bases
as well as other members connected to the ends of such columns should also be
designed to resist these additional moments.
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TABLE 10 Effective height, /, for columns
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In columns with end moments, it is generally necessary to consider the maximum
and minimum ratios of moment-to-axial-load in designing reinforcement areas and
concrete sections. '

3.5.3 Short columns subject to axial loading and bending about the
minor axis

3.5.3.1  General: Ashortcolumn should be designed for the ultimate limit state
in accordance with the recommendations made below, provided that the moment at
any cross-section has been increased to that moment produced by considering the
ultimate axial load as acting at an eccentricity equal to 0,05 times the overall depth
of the cross-section in the plane of bending, but equal to not less than 20 mm. This
is a nominal allowance for eccentricity to take account of construction tolerances.

3.5.3.2  Analysis of sections: When analysing a column cross-section to de-
termine its ultimate resistance to moment and axial loading, the following assump-
tions should be used:

(a) Plane sections are assumed to remain plane when the strain distribution in the
concrete in compression and the compressive and tensile strains in the
reinforcement are being derived.

(b} The stresses in the concrete in compression can either be derived from the
stress-strain curve in Figure 1 with y = 1,5, or may be taken as equal to 0,4f_
over the whole compression zone when this is rectangular or circular. In both
cases, the concrete strain at the outermost compression fibre at failure is taken
as 0,003s.

(¢} The tensile strength of the concrete can be disregarded.
(d)

d) The stresses in the reinforcement can be derived from the stress-strain curve
in Figure 2 withy_ = 1,15,

For rectangular and circular columns, the design methods given below, which are
based on the above assumptions, may be used. For other column shapes, design
methods should be derived from first principles using the above assumptions.

3.5.3.3  Design charts for rectangular and circular columns: The design
charts that form Parts 2 and 3 of the BS Code of Practice - CP 110 (1972) include
charts (based on what are given here as Figures 1 and 2 and on the assumptions
listed in 3.5.3.2) that may be used for the design of rectangular and circular column
sections having a symmetrical arrangement of reinforcement.

3.5.3.4  Designformulaeforrectangularcolumns: Theformulaegivenbelow
{(based on a concrete stress of 0,4f  over the whole compression zone and the
assumptions in 3.5.3.2) may be used to design a rectangular column having
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longitudinal reinforcement in the two faces parallel to the axis of bending, whether
that reinforcement is symmetrical or not. Both the ultimate axial load N and the
ultimate bending moment M should not exceed the values of N, and M, given by

Equations 16 and 17 for the appropriate value of d..

N, = 0,4f bd_ + eA's  +fs, Asy o (16)
Mu=02f bd (h-d) + 1 A's (3-d')-fsAs,(D-dy) i e (17)
where M is the ultimate bending moment applied about the axis consid-

ered due to ultimate loads, including the nominal allowance for
construction tolerances (see 3.5.3.1)

are the ultimate axial load and ultimate resistance moments of
the section for the particular value of d_ assumed

f, is the characteristic cube strength of the concrete
b is the breadth of the section
d, is the assumed depth of concrete in compression, subject to a
minimum value of 2d'
e is the design compressive strength of the reinforcement, taken
as
f, ;
e (in MPa)
Y
B S S,
n ¥ 57000
Als, is the area of compression reinforcement in the more highly
compressed face
fs, is the stress in the reinforcement in the other face, derived from
Figure 2 and taken as negative if tensile
Als, is the cross-sectional area of reinforcement in the other face,
which may be considered as being:
(i) in compression
(ii) inactive, or
(i} in tension
as the resultant eccentricity of load increases and d_ decreases
fromh to 2d'
h is the depth of the section in the plane of bending
d is the depth from the surface to the reinforcement in the more
highly compressed face.
d, is the depth from the other surface to the reinforcement in the
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other face (see Figure 15).
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] PLANE OF BENDING

AXIS OF BENDING
s,

FIGURE 15
CROSS-SECTION OF A COLUMN

3.5.3.5 Simplified design formulae for rectangular columns: The following
simplified formulae may be used, as appropriate, for the design of a rectangular
column having longitudinal reinforcement in the two faces parallel to the axis of
bending, whether that reinforcement is symmetrical or not.

(a) Where the resultant eccentricity e = M/N does not exceed -"2— d'and where the
ultimate axial load N does not exceed 0,45f_ b (h - 2e), only nominal reinforce-
ment is required (see 3.8.4.1 for minimum provision of longitudinal reinforce-
ment) where M, N, h, d', f__ and b are as defined in 3.5.3.4.

(b) Where the resultant eccentricity is not less than-g- - d, the axial load may be
ignored and the column section designed to resist an increased moment:

where M, N, h and d, are as defined in 3.5.3.4. The area of tension reinforcement
needed to provide resistance to this increased moment must be reduced by
the amount N/O,87fy.

3.5.4 Short columns subject to axial loading and to either bending
about the major axis or biaxial bending

The moment about each axis due to ultimate loads should be increased by the

nominal allowance for eccentricity to take account of construction tolerances, as

given in 3.5.3.1.
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For square, rectangular and circular columns having a symmetrical arrangement of
reinforcement about each axis, the section should be designed for axial loading and
bend‘ﬁg about each axis in accordance with any one of the methods of design given
iNn3.532 35330r3534, suchthat

MK %, gmv “:C{"” ,
%}%::; + ﬁm‘? e (19)

[

uy

where M_and M are the moments about the major x-x axis and minor y-y axis
respectively due to ultimate loads, including the nominal allow-
ance for construction tolerances given in 3.5.3.1

M, and M, arethe ultimate momentcapacities aboutthe major x-x axis and
minor y-y axis respectively, each in association with the ulti-
mate axial load N

o, is related to N/N__ as given in Table 11, where N_, is the axial
loading capacity of a column, ignoring all bending, taken as:

Ny, = 045f A + 1 A . (20)
where f  andf are as definedin 3.5.3.4.

A, is the cross-sectional area of concrete

A, is the cross-sectional area of longitudinal

reinforcement.
For other column sections, design should be in accordance with 3.5.3.2.

TABLE 11 Relationship of N/N_ to o

N/N o
<0,2 1,0
0.4 1,33
0,6 1,67
20,8 2,0
3.5.5 Slender columns of constant rectangular or circular cross-
section
3%@:} 1 General: A cross-section of a slender c@lumw may be designed by the
ethods given for a short column (see 3.5.3 and 3.5.4}, but in the design account
h uldbe tuk nof the additional moment induced mthm olumn by its deflection. For
slender columns of constant rectangular or circular cross-section having a symmet-

rical arrangement of reinforcement, the columns should be designed to resist the
ultimate axial load N together with the moments M, and M, derived in accordance
with 3.5.5.4. Alternatively, the simplified formulae given in 3.5.5.2 and 3.5.5.3 may

. Bridge Design Code, Part 3
56 TMH7, Pretoria, Scuth Africa, 1989



be used where appropriate; in this case the moment due to ultimate loads need not
be increased by the nominal allowance for eccentricity to take account of construc-
tion tolerances given in 3.5.3.1. It will be sufficient to limit the minimum value of
moment to notless thanthe nominal allowance givenin 3.5.3.1. Anominalallowance
for the long-term effects of creep has been made in the derivation of the additional
moments incorporated in Equations 21, 23, 24 and 25.

3.5.52 Slender columns bent about a minor axis: A slender column of con-
stant cross-section bent about the minor y-y axis should be designed for its ultimate
axial load, N, together with the moment, Mtygiven by:

2

M M Nh, [18] [1 0,0035 l"] (21)
y = My + 555 h, -0, e T IMEPNS

X

where M, is the initial moment due to ultimate loads, but may not be less than
corresponding to the nominal allowance for construction tolerances given

in3.5.3.1
h, is the overall depth of the cross-section in the plane of bending M,

!, isthe effective height either in the plane of bending or in the plane at right
angles, whichever is greater.

For a column fixed in position at both ends where no transverse loads occur at any
level within its height, the value of M, may be reduced to:

M, = 0,4M,y + 0,6M, . ooooooeiiccimieiei st (22)

where M, is the smaller initial end moment due to ultimate loads (assumed to be
negative if the column is bent in double curvature)

M, is the larger initial end moment due to ultimate loads (assumed to be
positive).

Inno case, however, should M, be taken as less than 0,4M, or may M, be less than

M

T

3.5.5.3  Slender columns bent about a major axis: When the overall depth of
its cross-section h_ is less than three times its breadth h , a slender column bent
about the major x-x axis should be designed for its ultimate axial ioad, N, together
with the moment, M, given by:

2

Nh, [ ! |
=M o+t |2 [1-0,0085 5 | 23
M = M+ 7556 [h] [1 0 hx] @3

Bridge Design Code, Part 3
TrHT7, Pretoria, South Africa, 1989 57



where | and h_are as defined in 3.55.2

M., is the initial moment due to ultimate loads, but may not be less than
that corresponding to the nominal allowance for construction toler-
ances given in 3.5.3.1

h, is the overall depth of the cross-section in the plane of bending M.

Where hy z 3h_the columns should be considered to be biaxially loaded with a
nominal initial moment about the minor axis.

3.5.54 Slender columns bent aboutboth axes:  Aslender columnbent about
both axes should be designed forits ultimate axialload, N, togetherwith the momenis
M, about its major axis, and M, about its minor axis, given by:

N

M M BV m“ﬁ 0,0035 oo 24
W T ix+ ‘i 750 nt:{;m i - f —E{;’"J ............................. e ar e < v)
L U L : y, ;
= PR Pt QR I Ty
y = My + 7955 T 1-0,0035 R o (25)
where h, and h are as defined in 3.5.5.2 and 3.5.5.3 respectively
M. s the initial moment due to ultimate loads about the x-x axis,
including the nominal allowance for construction tolerances given
in3.5.3.1
M, is the initial moment due to ultimate loads about the y-y axis,
including the nominal allowance for construction tolerances g ven
in 3.5.3.1
[, is the effective height in respect of bending about the major axis
Loy is the effective height in respect of bending about the minor axis.

3.5.5.5  Adjustmentsto additional momenis in slender columns:  Ineach of
the Equations 21, 23, 24 and 25 the second term represents the additional moment
induced in the column by its deflection. This may in all cases be reduced by
multiplying the factor K, where

. w’s:i .- N

K= g <

uz bail

where N is the ultimate axial load
) s the capacity of the cross-section under pure axial load, which may be
computed from Equation 20.

L.

Uz
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N,,, is the axial load corresponding to the balanced condition of a maximum
compressive strain in the concrete of 0,0035 and a tensile strain in the
outermost layer of tension steel of 0,002.

Where columns subject to lateral loading are constrained to deflect sideways by the
same amount,

g /8 X le

— (or — or 22X | as appropriate)
h = B,

for each column may be taken as the average value in the same direction for all
columns.

3.5.6 Shear resistance of columns

A column subject to unaxial shear due to ultimate loads should be designed in
accordance with 3.3.3 except that the ultimate shear stress, v, obtained from Table
7 may be multiplied by:

1
B, = 1+o,1o-ﬁ[1--e~o] N (26)
Ac 2€

where B, is a shear factor
N s the ultimate axial load (in newtons)
A, is the cross-sectional area of the entire concrete section (in mm?)

e, Isthe eccentricity of an axial load on the column that results in zero stress
(decompression) at an extreme fibre of the section under consideration
(eg for a rectangular column bent about the major axis e_ = Y

S}
e s the eccentricity of the axial load N which would cause a moment equal
to that due to the applied loads at the section under consideration.

The axial foad N is taken into account at its design value using partial load factors
corresponding 1o the favourable effect, ie:

Yo=Y, = 1.0
A column subject to biaxial shear due to ultimate loads should be designed for each
axis in accordance with 3.3.3 such that:

v v.1
e TR (27)
ux uy

where the exponents n  depend on the geometry of the cross-section on the
percentage and location of the steel, and the material
stresses, and are usually less than 2,0 but should conser-
vatively be taken as 1,0 unless reliable data supporting
the use of higher values are available.
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ViandV arethe applied shears due to ultimate loads for the x-x axis
and y-y axis respectively

V,candV are the corresponding ultimate shear capacities of the
concrete and link reinforcement for the x-x axis and y-y
axis respectively, provided that the resultant shear stress
v,, does not exceed v, sin 26 where v__ s equal to
0,75Vf_, butis not greater than 4,75 MPa.

3.5.7 Crack control in columns
A column subjectto bending should be considered as abeam for the purpose of crack
control {see 3.8.8.2).

3.6 Reinforced Concrete Walls

3.6.1 General

3.6.1.1 Definitions: A reinforced wall is a vertical (or near-vertical) load-
bearing concrete member whose greater lateral dimension is more than four times
its lesser lateral dimension, and in which the reinforcement is taken into account
when its strength is being considered. Retaining walls, wing walls, abutments, piers
and other similar elements subject principally to bending moments, and on which the
ultimate axialload is less than 0,1f_ A_, should, for the purpose of bending, be treated
as slabs supported by interaction with other walls or supported by counterforts, or as
cantilevers supported by the base, and be designed in accordance with 3.4. In other
cases, the clauses given below apply.

Reinforcement must comply with the conditions given in 3.8.4. A reinforced wall
should be considered as either short or slender. Similarly to columns, a wall of
constantthickness may be considered as short where the ratio of its effective height
does not exceed 12, It should otherwise be considered as slender. For walls with a
batter, a more fundamental approach may be necessary.

3.6.1.2 Limits to slenderness: The slenderness ratio is the ratio of the
effective height of the wall to its thickness. The effective height should be obtained
from Table 10. When the wall is restrained in position at both ends and the
reinforcement complies with the requirements of 3.8.4, the slenderness ratio should
not exceed 40, unless more than 1 % of vertical reinforcement is provided, when the
slenderness ratio may be up to 45. When the wall is not restrained in position atone
end, the slenderness ratio should not exceed 30.

When a wall is restrained at one or both vertical ends, the permissible slenderness
ratio, depending on the height-to-length ratio, may be increased provided reliable
data supporting the use of such an increased value are available.
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3.6.2 Forces and moments in reinforced concrete walls

These should be calculated in accordance with 2.4, except that, if the wall is slender,
the moments induced by deflection should also be considered. The distribution of
axial and horizontal forces along a wall from the loads on the superstructure should
be determined by analysis and their points of application decided on from the nature
and location of the bearings. For walls fixed to the deck, the moments should be
determined similarly by elastic analysis.

The moment per unit length in the direction at right angles to a wall (ie about an axis
in the plane of a wall) should be taken as not less than 0,05n_h, where n_ is the
ultimate axial load per unit length and h is the thickness of the wall. Moments in the
plane of a wall (ie about an axis normal to a wall) should be calculated for the most

severe positioning of the relevant loads.

Where the axial load is non-uniform, consideration should, where necessary, be
given to "deep beam effects" and the distribution of axial loads per unit length of wall.

It will generally be necessary to consider the maximum and minimum ratios of
moment to axial load in designing reinforcement areas and concrete sections.

3.6.3 Short reinforced walls resisting moments and axial forces

The cross-sections of the various portions of the wall should be designed to resist
the appropriate ultimate axial load and the transverse moment per unit length,
calculated in accordance with 3.6.2. The assumptions made when analysing beam
sections (see 3.3.2.1) apply and are aiso applicable when the wall is subject to
significant bending only in the plane of the wall.

When the wall is subjected to significant bending both in the plane of the wall and at
right angles to it, consideration should be given first to bending the plane of the wall
in order to establish a distribution of tension and compression along the length of the
wall. The resulting tension and compression should then be combined with the com-
pression due to the ultimate axial load to determine the combined axial load per unit
length of wall. This may be done by an elastic analysis, assuming a linear distribution
along the wall.

The bending moment at right angles to the wall should then be considered. The
section should be checked for this moment and for the resulting compression or
tension per unit length at various points along the length of the wall, using the
assumptions given in 3.3.2.1.

3.6.4 Slender reinforced walls

The distribution of axial loads along a slender reinforced wall should be determined
as for a short wall. The critical portion of the wall should then be considered as a
slender column of unit width and designed as such in accordance with 3.5.5.
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3.6.5 Shear resistance of reinforced walls

A wall subject to unaxial shear due to ultimate loads should be designed in
accordance with 3.4.4, except that the ultimate shear stress, v, obtained from Table
7 may be multiplied by B, given in Equation 26.

Awall subjectto biaxial shear due 1o ultimate loads should be designed for each axis
in accordance with 3.4.4 and should comply with Equation 27.

3.6.6. Deflection of reinforced walls

The deflection of a reinforced concrete wall will be within acceptable limits if the
recommendations given in 3.6.1 to 3.6.5 have been followed.

3.6.7 Crack control in reinforced walls

Where walls are subject to bending, design crack width should be calculated in
accordance with 3.8.8.2.

3.7 Bases (including pile caps)

3.7.1 Temporary pockets (see alsa 5.2)

Where pockets are left for precast members, allowance should be made, when
computing the flexural and shear strengths of base sections, for the effects of these
pockets, unless they are to be subsequently grouted up using a cement mortar with
a compressive strength not less than that of the concrete in the base.

3.7.2 Moments and forces in bases

Except where the reactions to the applied loads and moments are derived by more
accurate methods, eg by an elastic analysis of a pile group or by the application of
established principles of soil mechanics, the following assumptions should be
made:

(a) whenthe baseisaxially loaded, the reactions to ultimate loads may be assumed
to be uniformly distributed per unit area or per pile;

(b) when the base is eccentrically loaded, the reactions may be assumed to vary
linearly across the base. For columns and walls restrained in direction of
movement at the base, the moment transferred to the base should be obtained
from 3.5.

The critical section in the design of the bottom reinforcement of an isolated base may
be taken as being at a distance of 0,15 times the dimension of the column or wall,
measured perpendicularly inwards from the face of the column or wall.

The moment at any vertical section passing completely across a base should be
taken as that due to all external ultimate loads and reactions on one side of that
section.
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3.7.3 Deslign of bases

3.7.3.1 Resistancetobending: Basesshouldbedesignedas"beamand slab”
or "flat slab” as appropriate. Beam-and-slab bases should be designed in accor-
dance with 3.3. Specialist literature should be consulted for the design of "deep
bases” (ie the breadth-to-depth ratio is 2 or less)(see 3.3.2.1). Flat-slab sections
should be designed to resist the total moments and shears at the sections consid-
ered.

Where the breadth of the section considered is less than or equal to 1,5 (b, + 3d),
where b__, is the breadth of the column and d is the effective depth to the tension
reinforcement of the base, reinforcement should be distributed evenly across the
breadth of the section considered. For greater breadths, two-thirds of the area of re-
inforcement should be concentrated within a width of (b_,, + 3d) centred on the
column.

Pile caps may be designed by using either bending theory or space truss analogy.
The "members" of the "space truss" shall be within the concrete pile cap, taking the
apex of the truss under the centre of the loaded area and the "member joints” in the
base of the truss at the intersections of the centre lines of the piles with the plane of
the tensile reinforcement (see Figure 16), which shall be distributed as described
below.

in pile caps designed as beams, the reinforcement should be uniformly distributed
across any given section. In pile caps designed by truss analogy, 80 % of the
reinforcement should be concentrated in strips linking the pile heads and the
remainder uniformly distributed throughout the pile cape. Specialist literature should
be consulted for the design of "deep pile caps” (see 3.3.2.1).
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FIGURE 16
PILE CAP DESIGNED BY SPACE TRUSS ANALOGY
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3.7.3.2 Shear: The design shear is the algebraic sum of all ultimate vertical

loads acting on one side of, or outside, the periphery of the critical section. The shear

strength of flat-slab bases in the vicinity of concentrated loads is governed by the
more severe of the following two conditions:

(a) shearalong any vertical section extending across the full breadth of the base at
a distance equal to the effective depth from the face of the loaded area (the
provisions of 3.4.4.1 apply):

(b) punching shear around the loaded area, in which case the provisions 0f 3.4.4.2
apply.

The shear strength of pile caps is governed by the more severe of the two conditions

described below.

(a) Shear along any vertical section extending across the full breadth of the cap.
The provisionof3.4.4.1 apply, except that over portions of the section where the
flexuralreinforcementpasses across the head of apile and is fully anchored, the
allowable ultimate shear stress may be increased {0 (Ed/e@%&végvc

where a, isthedistance between the face ofthe column orwall and the critical
section
d is the effective depth, to tension reinforcement, of the section.
Where g is taken to be the distance between the face of the column or wall and
the nearer edge of the piles, it should be increased by 20 % of the pile diameter.

In applying the recommendations of 3.4.4.1, the allowable ultimate shear stress
should be taken as the average over the whole section.

(b) Punching shear around loaded areas, in which case the provisions of 3.4.4.2
apply.

- 3.7.3.3 Bonding and anchorage: The provisions of 3.8.6 apply to reinforce-
ment in bases. The critical sections for local bonding are:

(a) those described in3.8.6.2:

(b) sections at which the depth changes or any reinforcement stops, and

(c) thoseinthevicinity of piles, in which case all the bending reinforcement required

to resist the pile reaction should be continued to the pile centre line and be
provided with an anchorage beyond the centre line of 20 bar diameters.

3.7.4 Detflection of bases ,
The deflection of bases need not be considered, but the effects of differential
settlement on the structure as a whole or in part shall be taken into account.

3.7.5 Crack control in bases
The recommendations of 3.8.8.2 apply as appropriate, depending on the type of
bases and the design (see 3.7.3.1).
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3.8 Considerations affecting Design Details

3.8.1 Construction details

3.8.1.1  Sizes of members: When deciding on the nominal overall size of a
reinforced concrete member, regard should be had to the principles of dimensional
co-ordination. It should be borne in mind that absolute accuracy exists only in theory
andthattolerable degrees of inaccuracy have to be accepted in practice. The degree
of tolerance should be as large as possible, without rendering the finished structure
or any part of it unacceptable for the purpose for which it was intended.

3.8.1.2  Accuracy of position of reinforcement: In all normal cases, the
design may be based on the assumption that the reinforcement is in its nominal
position. However, when reinforcement is located in relation to more than one face
of a member (eg a link in a beam in which the nominal cover for all sides is given),
the actual concrete cover on one side may be greater and can be derived from a
consideration of:

(a) the dimensions and spacing of cover blocks, spacers and/or chairs (including
the compressibility of these items and the surfaces they bear on);

(b) the stiffness, straightness, and accuracy of cutting, bending and fixing bars of
the reinforcement cage;

(c) the accuracy of the formwork in both dimensions and plane (this includes
permanent forms such as blinding or brickwork), and

(d) the size of the structural part and the relative size of bars or the reinforcement
cage.

In certain cases where bars orreinforcement cages are positioned accurately onone
face of a structural member, this may affect the final position of highly stressed
reinforcement at the opposite face of the member. The consequent possible
reduction in effective depth to this reinforcement may exceed the percentage
allowed for in the values of the partial safety factors. In the design of a particularly
critical member, therefore, it may be necessary to make an appropriate adjustment
to the effective depth assumed.

3.8.1.3 Construction and movement joints: Whenitis necessary to indicate
construction joints on a drawing, careful consideration should be given to their exact
location. Construction joints should generally be atright angles to the direction of the
member and should take due account of the shear and other stresses. If special
preparation of the joint faces is required, this should be specified.

The location of all movement joints should be clearly indicated on the drawings, both
for the individual members and for the structure as a whole. Where possible, a
movement joint should be in one plane through the whole structure. Reference
should be made to the responsible bridge authority regarding their requirements for
the design of joints.
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3.8.2 Concrete cover to reinforcement
"Nominal” cover is that dimension used in design and indicated on the drawings.

The nominal cover should be not less than the size of the bar or the maximum
aggregate size, plus 5 mm; in the case of a bundle of bars, (see 3.8.8.1}, it should
be equal to or greater than the size of a bar of equivalent area, plus 5 mm.

Cover to reinforcement should also be governed by considerations of durability
under the envisaged conditions of exposure. Table 12 gives the nominal cover of
dense natural-aggregate concrete which should be provided over all reinforcement,
including links, when using the indicated grade of concrete under particular condi-
tions of exposure, but subject also to the above minimum requirements. In addition,
it may be necessary to specify the concrete materials and mix details to provide the
required durability, such as specifying the use of sulphate-resisting cement for
concrete subject to sulphate attack.

For factory-made precast components, the coverdimensions given in Table 12 may
be reduced by 5 mm, but should not be less than 20 mm, except for precast piles
where the cover should notbe less than 30 mm. For companents such as in situ piles
or footings castdry in contactwith soil, the coverdimensions givenin Table 12 should
be increased by 25 mm; if they are cast under water in contact with soil by 30 mm);
and if they are cast under water against casing, by 15 mm. Ir. no case should the
cover of in situ components cast in contact with soil or under water be less than
40 mm.

Where a surface treatment such as bush hammering cuts into the face of the
concrete, the expected depth of the treatment should be added to the nominal
cover.

Special care should be exercised in conditions of extreme exposure or where
concrete of low density or porous aggregates are used (see 3.9.2).

3.8.3 Reintorcement: General considerations

Except where specified otherwise in these clauses, the recommendations of the
SABS Code of Practice for the Detailing of Steel Reinforcement for Concrete (SABS
0144 - 1978) may be used as a guide where applicable.

3.8.3.1  Groups of bars: Subject to the reduction in bond stress, bars may be
arranged as pairs in contact or in bundles of three or four in contact.

Bars in a bundle should terminate at different points, with the ends at least 40 times
the bar size apart, except for bundles stopping at a support. Laps may be made to
one bar at a time in a bundle of three, but they should be staggered so that at any
cross-section there are no more than four bars in a bundle.

Bundles should not be used in a member without links.
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3.8.3.2 Bending schedules: Bars should preferably be scheduled in accor-
dance with the requirements of SABS 82 (1976 as amended). Where reinforcement
is to fit between two concrete faces, the dimension on the bending schedule should
be determined as the nominal dimension of the concrete less the nominal cover on
each face, and less an appropriate deduction for the tolerances as specified in
SABS 82.

3.8.4 Minimum areas of reinforcement in members

3.8.4.1  Minimum area of main reinforcement: The area of main tension re-
inforcementin a beam or slab should be not less than 0,15 % of b,d when Types B
and C reinforcement (grade 450) are used or 0,25 % of b, d when Type A
reinforcement (grade 250) is used, where b_ is the breadth of the section or the
average breadth excluding the compression flange for non-rectangular sections,
and d is the effective depth to tension reinforcement.

Forabox, T or I-section, b, should be taken as the average breadth of the concrete
below the upper flange. For a voided slab, b, should be taken as the average breadth
of the concrete below the top of the voids.

For a solid concrete deck slab, the minimum effective reinfiorcement in each of two
orthogonal directions, expressed as a percentage of the gross section, should not
De less than that specified above for the main re