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PREFACE

This Standard was prepared by Standards Australia Committee BD-090, Bridge Design, to
supersede AS 5100.5—2004.

This Standard incorporates Amendment No. 1 (November 2018). The changes required by
the Amendment are indicated in the text by a marginal bar and amendment number against
the clause, note, table, figure or part thereof affected.

This Standard is also designated as Austroads publication AP-G51.5-17.

The objectives of the AS(AS/NZS) 5100 series are to provide nationally acceptable
requirements for—

(a) the design of road, rail, pedestrian and cyclist path bridges;

(b) the specific application of concrete, steel and composite construction, whi-q einkody
principles that may be applied to other materials in association with .zlevant
Standards; and

(c) the assessment of the load capacity and rehabilitation of existing brices.

These requirements are based on the principles of structural me=hanics and knowledge of
material properties, for both the conceptual and detailed design, tc achieve acceptable
probabilities that the bridge or associated structure being d=siged will not become unfit for
use during its design life.

The objective of this Part (AS 5100.5) is to specify req irements for the design and
construction of concrete bridges and associated structurc:.

Whereas earlier editions of the Bridge design s:ries were essentially administered by the
infrastructure owners and applied to their own invzitory, an increasing number of bridges
are being built under the design-construct:operate principle and being handed over to the
relevant statutory authority after several yecrs ol operation. This Standard includes clauses
intended to facilitate the specification o the designer of the functional requirements of the
owner, to ensure the long-term.per or.nance and serviceability of the bridge and associated
structure.

Significant changes to the 2634 cdition of AS 5100.5 are as follows:

(a) Increase in concretu strength specified in design rules from 65 MPa to 100 MPa. This
has resulted in ti.> review of all equations in AS 5100.5 for strength and has meant, in
some instances, modification of equations such as the rectangular stress block model
and inclusion ~f requirements for confinement to the core of columns.

The 2upli-ation of the Standard is further influenced by the ductility class of the steel
reii.forcement, with some new restrictions applying to the use of Ductility Class L
reinfo.cement. Ductility Class N stainless steel reinforcement may now be used.

(h) S=action 2 ‘Design procedures actions and loads’, has been revised to align with the
A /NZS 1170 series, Structural design actions, and additional design check methods
for designers to consider has been included.

(c) Section 3 ‘Design properties of materials’ has been reviewed to include—
(i) new shrinkage equations, to address autogenous and drying shrinkage; and

(i) creep calculations, to modify the creep factor by revising the k> and k3 factors,
including the addition of environmental and humidity factors.

(d) Specification of additional severe exposure classifications and requirements for
sulfate soils introduced in Section 4 on durability.
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(e) The fire resistance criteria in Section 5 ‘Design for fire resistance’ have been
updated.

(f)  Section 6 ‘Methods of structural analysis’ has been completely revised.

(g) New Section 7 ‘Strut-and-tie modelling’, which provides rules on strut-and-tie
modelling, has been added.

(h) Clause 8.2 regarding design of flexural members for shear and torsion, incorporating
the modified compression field theory.

(i)  Clause 10.7.3 regarding confinement to the core of columns in Section 10 has been
significantly changed due the importance of this issue for high strength concrete.

()  Section 11 ‘Design of walls’ has been revised to be more consistent with Section "0
‘Design of columns for strength and serviceability’.

(k) Section 13 ‘Stress development, splicing of reinforcement and coupling »f ¢=ndcns’
has been completely revised.

(1)  New Section 16 ‘Steel fibre reinforced concrete’ has been added.
NOTE: Traditionally, the terms ‘tie’ and ‘fitment’ were used interchangeakly 1.+ his Standard.
The word ‘tie’ is now used only in the strut-and-tie analysis section whil= the tern ‘fitment’ is
used for units such as stirrups and ligatures that perform various funrcticiis su~! as restraining the
longitudinal reinforcement and resisting shear.

Statements expressed in mandatory terms in notes to table: a1z deemed to be requirements
of this Standard.

The terms ‘normative’ and ‘informative’ have been.us>d 71 this Standard to define the
application of the appendix to which they apply. A not.native’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is on.’ for information and guidance.
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STANDARDS AUSTRALIA

Australian Standard
Bridge design

Part 5: Concrete

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard sets out minimum requirements for the design and construction « < corarete
bridges and associated structures that contain reinforcement or tendons, or both. It «'so sets
out minimum requirements for plain and steel fibre reinforced concrete (SFRC  members.

NOTES:

1 It is intended that the properties and requirements for reinforcement or “enc.ons, as set out in
this Standard, may also be used for the design and constructiot. of e.>ments not containing
concrete, for example, stress laminated timber decks.

2 For design life of bridges covered by this Standard, see Cla1s¢ 4.1.

1.2 APPLICATION

This Standard applies to structures and members 1. wiich the materials conform to the
following:

(a) Concrete with—

(i)  characteristic compressive s'zenath at 28 days ( f,) in the range of 25 MPa to
100 MPa; and

(ii) with a saturated surface 4rydensity in the range 2100 kg/m® to 2800 kg/m>.
(b) Reinforcing steel of Ducti'ity Tlass N in accordance with AS/NZS 4671.

NOTE: Reinforcemen* “vpes with this ductility may be used without restriction, in all
applications referred t~ ir this Standard, except where Ductility Class E reinforcing steel is
required.

(c) Reinforcing stee ot Ductility Class E in accordance with AS/NZS 4671.

NOTE: Reinforc>ment types of this ductility class will need to be specially sourced to be used
in Ausral.n.

(d) Reinorcing steel of Ductility Class L in accordance with AS/NZS 4671 shall not be
ased in the design for strength, except in any of the following—

(.. As transverse shear and torsion reinforcement provided the additional
requirements specified in Clause 3.2.1 are satisfied.

(i1) As longitudinal shear reinforcement provided the additional requirements
specified in Clause 3.2.1 are satisfied.

(iii)) As lateral restraint to longitudinal reinforcement and reinforcement for
confinement of the core in columns.

(iv) As bursting reinforcement in prestressed concrete anchorages.

© Standards Australia www.standards.org.au


https://www.stdhive.com/standards/as-510052017-pdf/

	AS 5100.5:2017 BRIDGE DESIGN - CONCRETE 
	PREFACE
	CONTENTS
	SECTION 1 SCOPE AND GENERAL 
	1.1 SCOPE 
	1.2 APPLICATION 
	1.3 NORMATIVE REFERENCES 
	1.4 DEFINITIONS 
	1.4.1 General 
	1.4.2 Administrative definitions 
	1.4.3 Technical definitions 

	1.5 NOTATION 
	1.6 CONSTRUCTION 
	1.7 EXISTING BRIDGES 
	1.8 DESIGN 
	1.8.1 Design data 
	1.8.2 Design details 

	1.9 USE OF ALTERNATIVE MATERIALS OR METHODS 

	SECTION 2 DESIGN PROCEDURES, ACTIONS AND LOADS 
	2.1 DESIGN PROCEDURES 
	2.1.1 Design for strength and serviceability 
	2.1.2 Design for fatigue 
	2.1.3 Design for earthquake actions 
	2.1.4 Design for robustness 
	2.1.5 Design for durability 
	2.1.6 Design for fire resistance 
	2.1.7 Material properties 

	2.2 DESIGN FOR FATIGUE 
	2.2.1 General 
	2.2.2 Maximum range in concrete compressive stresses 
	2.2.3 Shear limited by web compressive stresses 
	2.2.4 Shear in slabs 
	2.2.5 Tensile stress range in steel 
	2.2.6 Calculation of stresses in the reinforcement and tendons of flexural members 

	2.3 DESIGN FOR STRENGTH 
	2.3.1 General 
	2.3.2 Strength check procedure for use with linear elastic methods of analysis 
	2.3.3 Strength check procedure for use with linear elastic stress analysis 
	2.3.4 Strength check procedure for use with strut-and-tie analysis 
	2.3.5 Strength check procedure for use with non-linear analysis of framed structures 
	2.3.6 Strength check procedure for use with non-linear stress analysis 

	2.4 DESIGN FOR SERVICEABILITY 
	2.4.1 General 
	2.4.2 Deflection 
	2.4.3 Cracking 
	2.4.4 Vibration 

	2.5 ACTIONS AND COMBINATIONS OF ACTIONS 
	2.5.1 Actions and loads 
	2.5.2 Combinations of actions and loads 

	2.6 DESIGN FOR STRENGTH AND SERVICEABILITY BY PROTOTYPE TESTING 
	2.7 OTHER DESIGN REQUIREMENTS 

	SECTION 3 DESIGN PROPERTIES OF MATERIALS 
	3.1 PROPERTIES OF CONCRETE 
	3.1.1 Strength 
	3.1.2 Modulus of elasticity 
	3.1.3 Density 
	3.1.4 Stress-strain curves 
	3.1.5 Poisson™s ratio 
	3.1.6 Coefficient of thermal expansion 
	3.1.7 Shrinkage 
	3.1.8 Creep 

	3.2 PROPERTIES OF REINFORCEMENT 
	3.2.1 Strength and ductility 
	3.2.2 Modulus of elasticity 
	3.2.3 Stress-strain curves 
	3.2.4 Coefficient of thermal expansion 

	3.3 PROPERTIES OF TENDONS 
	3.3.1 Strength 
	3.3.2 Modulus of elasticity 
	3.3.3 Stress-strain curves 
	3.3.4 Relaxation of tendons 

	3.4 LOSS OF PRESTRESS IN TENDONS 
	3.4.1 General 
	3.4.2 Immediate loss of prestress 
	3.4.3 Time-dependent losses of prestress 

	3.5 MATERIAL PROPERTIES FOR NON-LINEAR STRUCTURAL ANALYSIS 

	SECTION 4 DESIGN FOR DURABILITY 
	4.1 GENERAL 
	4.2 METHOD OF DESIGN FOR DURABILITY 
	4.3 EXPOSURE CLASSIFICATION 
	4.4 REQUIREMENTS FOR CONCRETE FOR EXPOSURE CLASSIFICATIONS A, B1, B2, C1 AND C2 
	4.4.1 General 
	4.4.2 Curing 

	4.5 REQUIREMENTS FOR CONCRETE FOR EXPOSURE CLASSIFICATION U 
	4.6 ABRASION 
	4.7 FREEZING AND THAWING 
	4.8 CONCRETE STRUCTURES IN AGGRESSIVE SOILS 
	4.8.1 Sulfate and acidic soils 
	4.8.2 Saline soils 

	4.9 CONCRETE STRUCTURES IN MARINE ENVIRONMENTS 
	4.10 ALKALI AGGREGATE REACTIVITY (AAR) 
	4.11 DELAYED ETTRINGITE FORMATION 
	4.12 EARLY AGE THERMAL CRACKING OF LARGE AND RESTRAINED CONCRETE MEMBERS 
	4.13 RESTRICTIONS ON CHEMICAL CONTENT IN CONCRETE 
	4.13.1 Restriction on chloride-ion content for corrosion protection 
	4.13.2 Restriction on sulfate content 
	4.13.3 Restriction on other salts 

	4.14 REQUIREMENTS FOR COVER TO REINFORCING STEEL AND TENDONS 
	4.14.1 General 
	4.14.2 Cover for concrete placement 
	4.14.3 Cover for corrosion protection 

	4.15 CRACKING OF CONCRETE 
	4.16 PROVISIONS FOR STRAY CURRENT CORROSION 

	SECTION 5 DESIGN FOR FIRE RESISTANCE 
	5.1 GENERAL 
	5.2 HYDROCARBON FIRE 
	5.3 NON-HYDROCARBON FIRE 
	5.4 MATERIAL PROPERTIES AT ELEVATED TEMPERATURES 
	5.4.1 Properties of concrete 
	5.4.2 Properties of reinforcement 
	5.4.3 Properties of tendons 


	SECTION 6 METHODS OF STRUCTURAL ANALYSIS 
	6.1 GENERAL 
	6.1.1 Basis for structural analysis 
	6.1.2 Interpretation of the results of analysis 
	6.1.3 Methods of analysis 

	6.2 LINEAR ELASTIC ANALYSIS OF INDETERMINATE CONTINUOUS BEAMS AND FRAMED STRUCTURES 
	6.2.1 General 
	6.2.2 Critical sections for negative moments 
	6.2.3 Stiffness 
	6.2.4 Deflections 
	6.2.5 Secondary bending moments and shears resulting from prestress 
	6.2.6 Moment redistribution in reinforced and prestressed members for strength design 
	6.2.7 Unbonded prestress 

	6.3 ELASTIC ANALYSIS OF FRAMES INCORPORATING SECONDARY BENDING MOMENTS 
	6.3.1 General 
	6.3.2 Analysis 

	6.4 LINEAR ELASTIC STRESS ANALYSIS OF MEMBERS AND STRUCTURES 
	6.4.1 General 
	6.4.2 Analysis 
	6.4.3 Sensitivity of analysis to input data and modelling parameters 

	6.5 NON-LINEAR FRAME ANALYSIS 
	6.5.1 General 
	6.5.2 Non-linear material effects 
	6.5.3 Non-linear geometric effects 
	6.5.4 Values of material properties 
	6.5.5 Sensitivity of analysis to input data and modelling parameters 

	6.6 NON-LINEAR STRESS ANALYSIS 
	6.6.1 General 
	6.6.2 Analysis 
	6.6.3 Non-linear material and geometric effects 
	6.6.4 Values of material properties 
	6.6.5 Sensitivity of analysis to input data and modelling parameters 

	6.7 PLASTIC METHODS OF ANALYSIS 
	6.7.1 General 
	6.7.2 Methods for beams and frames 
	6.7.3 Methods for slabs 

	6.8 ANALYSIS USING STRUT-AND-TIE MODELS 
	6.8.1 General 
	6.8.2 Sensitivity of analysis to input data and modelling parameters 


	SECTION 7 STRUT-AND-TIE MODELLING 
	7.1 GENERAL 
	7.2 CONCRETE STRUTS 
	7.2.1 Types of struts 
	7.2.2 Strut efficiency factor 
	7.2.3 Design strength of struts 
	7.2.4 Bursting reinforcement in bottle-shaped struts 

	7.3 TIES 
	7.3.1 Arrangement of ties 
	7.3.2 Design strength of ties 
	7.3.3 Anchorage of ties 
	7.3.4 Design stress of reinforcement 

	7.4 NODES 
	7.4.1 Types of nodes 
	7.4.2 Design strength of nodes 

	7.5 ANALYSIS OF STRUT-AND-TIE MODELS 
	7.6 DESIGN BASED ON STRUT-AND-TIE MODELLING 
	7.6.1 Design for strength 
	7.6.2 Serviceability checks 
	7.6.3 Specific non-flexural members 


	SECTION 8 DESIGN OF BEAMS FOR STRENGTH AND SERVICEABILITY 
	8.1 STRENGTH OF BEAMS IN BENDING 
	8.1.1 General 
	8.1.2 Basis of strength calculations 
	8.1.3 Rectangular stress block 
	8.1.4 Dispersion angle of prestress 
	8.1.5 Design strength in bending 
	8.1.6 Minimum strength requirements 
	8.1.7 Stress in reinforcement and bonded tendons at ultimate strength 
	8.1.8 Stress in tendons not yet bonded 
	8.1.9 Spacing of reinforcement and tendons 

	8.2 STRENGTH OF BEAMS IN SHEAR AND TORSION 
	8.2.1 General 
	8.2.2 Design procedures 
	8.2.3 Sectional design of a beam 
	8.2.4 Concrete contribution to ultimate shear strength of a beam (Vuc) 
	8.2.5 Transverse shear and torsional reinforcement contribution to the ultimate shear strength of a beam (Vus) 
	8.2.6 Hanging reinforcement 
	8.2.7 Proportioning longitudinal reinforcement on the flexural tension side 
	8.2.8 Proportioning longitudinal reinforcement on the flexural compression side 
	8.2.9 Extension of longitudinal reinforcement and tendons 

	8.3 GENERAL DETAILS 
	8.3.1 Detailing of flexural reinforcement 
	8.3.2 Detailing of shear reinforcement 
	8.3.3 Detailing of torsional reinforcement 

	8.4 LONGITUDINAL SHEAR IN COMPOSITE AND MONOLITHIC BEAMS 
	8.4.1 General 
	8.4.2 Design shear stress 
	8.4.3 Shear stress capacity 
	8.4.4 Shear plane reinforcement 
	8.4.5 Minimum thickness of structural components 

	8.5 DEFLECTION OF BEAMS 
	8.5.1 General 
	8.5.2 Beam deflection by refined calculation 
	8.5.3 Beam deflection by simplified calculation 

	8.6 CRACK CONTROL OF BEAMS 
	8.6.1 Crack control for tension and flexure in reinforced beams 
	8.6.2 Crack control for flexure in prestressed beams 
	8.6.3 Crack control in the side face of beams 
	8.6.4 Crack control at openings and discontinuities 

	8.7 VIBRATION OF BEAMS 
	8.8 T-BEAMS AND L-BEAMS 
	8.8.1 General 
	8.8.2 Effective width of flange for strength and serviceability for T-beams and L-beams 

	8.9 SLENDERNESS LIMITS FOR BEAMS 
	8.9.1 General 
	8.9.2 Simply supported and continuous beams 
	8.9.3 Cantilever beams 
	8.9.4 Reinforcement for slender prestressed beams 

	8.10 COMPOSITE MEMBERS 
	8.10.1 General 
	8.10.2 Design requirements 
	8.10.3 Design for applied loads 
	8.10.4 Shear 


	SECTION 9 DESIGN OF SLABS FOR STRENGTH AND SERVICEABILITY 
	9.1 STRENGTH OF SLABS IN BENDING 
	9.1.1 General 
	9.1.2 Distribution reinforcement for slabs 
	9.1.3 Edge stiffening 
	9.1.4 Detailing of tensile reinforcement 
	9.1.5 Spacing of reinforcement and tendons 

	9.2 STRENGTH OF SLABS IN SHEAR 
	9.2.1 General 
	9.2.2 Design shear strength of slabs 
	9.2.3 Shear strength of slabs without moment transfer 
	9.2.4 Shear strength of slabs with moment transfer 

	9.3 DEFLECTION OF SLABS 
	9.3.1 General 
	9.3.2 Slab deflection by refined calculation 
	9.3.3 Slab deflection by simplified calculation 

	9.4 CRACK CONTROL OF SLABS 
	9.4.1 Crack control for flexure in reinforced slabs 
	9.4.2 Crack control for flexure in prestressed slabs 
	9.4.3 Crack control for restrained shrinkage and temperature effects 
	9.4.4 Crack control at openings and discontinuities 
	9.4.5 Crack control in the vicinity of restraints 

	9.5 VIBRATION OF SLABS 
	9.6 MOMENT RESISTING WIDTH FOR ONE-WAY SLABS SUPPORTING CONCENTRATED LOADS 
	9.7 LONGITUDINAL SHEAR IN COMPOSITE SLABS 
	9.8 FATIGUE DESIGN OF SLABS 

	SECTION 10 DESIGN OF COLUMNS AND TENSION MEMBERS FOR STRENGTH AND SERVICEABILITY 
	10.1 GENERAL 
	10.1.1 Design strength 
	10.1.2 Minimum bending moment 
	10.1.3 Definitions 

	10.2 DESIGN PROCEDURES 
	10.2.1 Design procedure using linear elastic analysis 
	10.2.2 Design procedure incorporating secondary bending moments 
	10.2.3 Design procedure using rigorous analysis 
	10.2.4 Design of ductile columns for earthquake resistance 

	10.3 DESIGN OF SHORT COLUMNS 
	10.3.1 General 
	10.3.2 Short column with small compressive axial force 

	10.4 DESIGN OF SLENDER COLUMNS 
	10.4.1 General 
	10.4.2 Moment magnifier for a braced column 
	10.4.3 Moment magnifier for an unbraced column 
	10.4.4 Buckling load 

	10.5 SLENDERNESS 
	10.5.1 General 
	10.5.2 Radius of gyration 
	10.5.3 Effective length of a column 
	10.5.4 End restraint coefficients for regular rectangular framed structures 
	10.5.5 End restraint provided by footings 

	10.6 STRENGTH OF COLUMNS IN COMBINED BENDING AND COMPRESSION 
	10.6.1 Basis of strength calculations 
	10.6.2 Strength of cross-sections calculated using the rectangular stress block 
	10.6.3 Design based on each bending moment acting separately 
	10.6.4 Design for biaxial bending and compression 

	10.7 REINFORCEMENT REQUIREMENTS FOR COLUMNS 
	10.7.1 Limitations on longitudinal steel 
	10.7.2 Functions of fitments 
	10.7.3 Confinement to the core 
	10.7.4 Restraint of longitudinal reinforcement 
	10.7.5 Splicing of longitudinal reinforcement 
	10.7.6 Additional detailing requirements for earthquake resistance 

	10.8 DESIGN OF TENSION MEMBERS 
	10.8.1 General 
	10.8.2 Basic principles 

	10.9 CRACK CONTROL OF COLUMNS AND TENSION MEMBERS 

	SECTION 11 DESIGN OF WALLS 
	11.1 GENERAL 
	11.2 DESIGN PROCEDURES 
	11.2.1 General 
	11.2.2 Groups of walls 

	11.3 BRACED WALLS 
	11.4 EFFECTIVE HEIGHT 
	11.5 SIMPLIFIED DESIGN METHOD FOR WALLS SUBJECT TO VERTICAL COMPRESSION FORCES 
	11.6 DESIGN OF WALLS FOR IN-PLANE SHEAR FORCES 
	11.6.1 Critical section for shear 
	11.6.2 Strength in shear 
	11.6.3 Shear strength without shear reinforcement 
	11.6.4 Contribution to shear strength by shear reinforcement 

	11.7 REINFORCEMENT REQUIREMENTS FOR WALLS 
	11.7.1 Minimum reinforcement 
	11.7.2 Horizontal reinforcement for crack control 
	11.7.3 Spacing of reinforcement 
	11.7.4 Restraint of vertical reinforcement 
	11.7.5 Additional requirements for earthquake detailing 


	SECTION 12 DESIGN OF NON-FLEXURAL MEMBERS AND ANCHORAGE ZONES 
	12.1 SCOPE OF SECTION 
	12.2 DESIGN 
	12.2.1 Design for strength 
	12.2.2 Design for serviceability 

	12.3 STRUT-AND-TIE MODELS FOR THE DESIGN OF NON-FLEXURAL MEMBERS 
	12.3.1 General 
	12.3.2 Design models 
	12.3.3 Strut bursting reinforcement 

	12.4 ADDITIONAL REQUIREMENTS FOR CONTINUOUS CONCRETE NIBS AND CORBELS 
	12.5 ADDITIONAL REQUIREMENTS FOR STEPPED JOINTS IN BEAMS AND SLABS 
	12.6 ANCHORAGE ZONES FOR POST-TENSIONED MEMBERS 
	12.6.1 General 
	12.6.2 Reinforcement 
	12.6.3 Loading cases to be considered 
	12.6.4 Calculation of tensile forces along line of an anchorage force 
	12.6.5 Calculation of tensile forces induced near the loaded face 
	12.6.6 Quantity and distribution of reinforcement 
	12.6.7 Special reinforcement details in anchorage zones 

	12.7 CRACK CONTROL 
	12.8 ANCHORAGE ZONES FOR PRETENSIONED MEMBERS 
	12.9 BEARING SURFACES 

	SECTION 13 STRESS DEVELOPMENT OF REINFORCEMENT AND TENDONS 
	13.1 STRESS DEVELOPMENT IN REINFORCEMENT 
	13.1.1 General 
	13.1.2 Development length for a deformed bar in tension 
	13.1.3 Development length of plain bars in tension 
	13.1.4 Development length of headed reinforcement in tension 
	13.1.5 Development length of deformed bars in compression 
	13.1.6 Development length of plain bars in compression 
	13.1.7 Development length of bundled bars 
	13.1.8 Development length of welded plain or deformed mesh in tension 

	13.2 SPLICING OF REINFORCEMENT 
	13.2.1 General 
	13.2.2 Lapped splices for bars in tension 
	13.2.3 Lapped splices for mesh in tension 
	13.2.4 Lapped splices for bars in compression 
	13.2.5 Lapped splices for bundled bars 
	13.2.6 Welded or mechanical splices 

	13.3 STRESS DEVELOPMENT IN TENDONS 
	13.3.1 General 
	13.3.2 Pretensioned tendons 
	13.3.3 Stress development in post-tensioned tendons by anchorages 

	13.4 COUPLING OF TENDONS 

	SECTION 14 JOINTS, EMBEDDED ITEMS AND FIXINGS 
	14.1 JOINTS 
	14.1.1 General 
	14.1.2 Construction joints 
	14.1.3 Movement joints 
	14.1.4 Joint fillers and sealants 

	14.2 EMBEDDED ITEMS 
	14.2.1 General 
	14.2.2 Pipes 
	14.2.3 Spacing 

	14.3 FIXINGS 
	14.4 DURABILITY OF EMBEDDED ITEMS AND FIXINGS 

	SECTION 15 PLAIN CONCRETE MEMBERS 
	15.1 GENERAL 
	15.2 DESIGN 
	15.2.1 Basic principles of strength design 
	15.2.2 Section properties 

	15.3 STRENGTH IN BENDING 
	15.4 STRENGTH IN SHEAR 
	15.5 STRENGTH IN COMBINED BENDING AND COMPRESSION 
	15.6 REINFORCEMENT AND EMBEDDED ITEMS 

	SECTION 16 STEEL FIBRE REINFORCED CONCRETE 
	16.1 GENERAL 
	16.2 DEFINITIONS 
	16.2.1 Crack mouth opening displacement (CMOD) 
	16.2.2 Crack opening displacement (COD) 
	16.2.3 Steel fibre reinforced concrete (SFRC) 
	16.2.4 Hardening behaviour 
	16.2.5 Softening behaviour 
	16.2.6 Target dosage 

	16.3 PROPERTIES OF SFRC 
	16.3.1 General 
	16.3.2 Compressive strength 
	16.3.3 Tensile properties 
	16.3.4 Modulus of elasticity 

	16.4 DESIGN OF SFRC MEMBERS CONTAINING REINFORCEMENT OR TENDONS 
	16.4.1 General 
	16.4.2 Strength of beams in bending and combined bending and axial force 
	16.4.3 Minimum reinforcement requirements for bending 
	16.4.4 Strength of beams in shear 
	16.4.5 Design for serviceability limit states 

	16.5 DURABILITY 
	16.6 FIRE 
	16.7 PRODUCTION OF SFRC 
	16.7.1 Fibres 
	16.7.2 Mixing of fibres 
	16.7.3 Pre-construction testing of materials 
	16.7.4 Factory production control 
	16.7.5 Determining the steel fibre content 
	16.7.6 Sampling, testing and assessment for compliance of hardened SFRC 


	SECTION 17 MATERIAL AND CONSTRUCTION REQUIREMENTS 
	17.1 GENERAL 
	17.2 TEST REPORT OR TEST CERTIFICATES 
	17.3 MATERIAL AND CONSTRUCTION REQUIREMENTS FOR CONCRETE AND GROUT 
	17.3.1 Materials and limitations on constituents 
	17.3.2 Assessment and repair of cracked concrete 
	17.3.3 Handling, placing and compacting of concrete 
	17.3.4 Finishing of unformed concrete surfaces 
	17.3.5 Curing and protection of concrete 
	17.3.6 Sampling and testing for compliance 
	17.3.7 Rejection of concrete 
	17.3.8 Requirements for grout and grouting 

	17.4 MATERIAL AND CONSTRUCTION REQUIREMENTS FOR REINFORCING STEEL 
	17.4.1 Materials 
	17.4.2 Fabrication 
	17.4.3 Bending 
	17.4.4 Surface condition 
	17.4.5 Fixing 
	17.4.6 Lightning protection by reinforcement 

	17.5 MATERIAL AND CONSTRUCTION REQUIREMENTS FOR PRESTRESSING DUCTS, ANCHORAGES AND TENDONS 
	17.5.1 Materials for ducts, anchorages and tendons 
	17.5.2 Construction requirements for ducts 
	17.5.3 Construction requirements for anchorages 
	17.5.4 Construction requirements for tendons 
	17.5.5 Construction requirements for unbonded tendons 

	17.6 CONSTRUCTION REQUIREMENTS FOR JOINTS AND EMBEDDED ITEMS 
	17.6.1 Location of construction joints 
	17.6.2 Embedded and other items not shown in the drawings 

	17.7 TOLERANCES FOR STRUCTURES AND MEMBERS 
	17.7.1 General 
	17.7.2 Tolerances for position and size of structures and members 
	17.7.3 Tolerance on position of reinforcement and tendons 

	17.8 FORMWORK 
	17.8.1 General 
	17.8.2 Stripping of forms and removal of formwork supports 


	APPENDIX A - TESTING OF MEMBERS AND STRUCTURES 
	A1 GENERAL 
	A2 TESTING OF MEMBERS 
	A2.1 Purpose of testing 
	A2.2 Test set-up 
	A2.3 Test load 
	A2.4 Test deflections 

	A3 PROOF TESTING 
	A3.1 Test procedures 
	A3.2 Criteria for acceptance 
	A3.3 Damage incurred during test 
	A3.4 Test report 

	A4 PROTOTYPE TESTING 
	A4.1 Construction of prototypes 
	A4.2 Number of prototypes 
	A4.3 Test load 
	A4.4 Test procedure 
	A4.5 Criteria for acceptance 
	A4.6 Test report 

	A5 QUALITY CONTROL 
	A5.1 General 
	A5.2 Statistical sampling 
	A5.3 Product certification 
	A5.4 Quality system 

	A6 TESTING OF HARDENED CONCRETE IN PLACE 
	A6.1 General 
	A6.2 Preparation of samples 
	A6.3 Non-destructive testing 
	A6.4 Tests on samples taken from the structure 

	A7 ADDITIONAL REQUIREMENTS FOR EARTHQUAKE DESIGN OF ELLIPTICAL COLUMNS 

	APPENDIX B - BEAM STABILITY DURING ERECTION 
	APPENDIX C - DESIGN OF SEGMENTAL CONCRETE BRIDGES 
	C1 ANALYSIS 
	C1.1 Longitudinal analysis 
	C1.2 Transverse analysis 
	C1.3 Deflection calculations 

	C2 LOADS 
	C2.1 Erection loads 
	C2.2 Post-tensioning force 

	C3 SHEAR AT JOINTS 
	C4 SEGMENTAL BRIDGE SUBSTRUCTURES 
	C5 SPECIAL PROVISIONS 
	C5.1 Precast segmental construction 
	C5.2 Cast-in-place segmental construction 
	C5.3 Incremental launching-Bridge design 

	C6 SPECIFICATIONS 

	APPENDIX D - STANDARD PRECAST PRESTRESSED CONCRETE GIRDER 
	D1 GENERAL 
	D2 END BLOCK DIMENSIONS 
	D3 FLEXURAL PROPERTIES 
	D4 TORSIONAL PROPERTIES 

	BIBLIOGRAPHY




